SHAHAB ZAKI POUR

Desenvolvimento e validagao experimental de
uma metodologia in house para amplificagao e
sequenciamento do genoma completo do

Zika virus

Dissertacao apresentada ao Departamento
de Microbiologia do Instituto de Ciéncias
Biomédicas da Universidadede Sao Paulo,
para obtencao do Titulo de Mestre em
Ciéncias.

Sao Paulo
2018



SHAHAB ZAKI POUR

Development and validation of an in house
method for whole genome amplification and

sequencing of Zika virus

Dissertation presented to the
Department of Microbiology of the
Institute of Biomedical Sciences of
the University of Sdo Paulo, to
obtain the degree of Master in
Science.

Sao Paulo
2018



SHAHAB ZAKI POUR

Development and validation of an in house
method for whole genome amplification and

sequencing of Zika virus

Dissertation presented to the Department of
Microbiology of the Institute of Biomedical
Sciences of the University of Sdo Paulo, to
obtain the degree of Master in Science.

Concentration area: Microbiology

Advisor: Prof. Dr. Paolo Marinho de
Andrade Zanotto

Corrected Version

Sao Paulo
2018



SHAHAB ZAKI POUR

Desenvolvimento e validagao experimental de
uma metodologia in house para amplificagao e
sequenciamento do genoma completo do Zika

virus

Dissertacido apresentada ao Departamento
de Microbiologia do Instituto de Ciéncias
Biomédicas da Universidade de S&o Paulo,
para obtencao do Titulo de Mestre em
Ciéncias.

Area de concentracdo: Microbiologia

Orientador: Prof. Dr. Paolo Marinho de
Andrade Zanotto

Verséao Corrigida

Sao Paulo
2018



CATALDGA(;RD NA F’UELICA(;ED (CIP)
Servico de Biblioteca e informacao Biomédica
do Instituto de Ciéncias Biomédicas da Universidade de S&o Paulo

Ficha Catalografica elaborada pelo(a) autor(a)

Zaki Pour, Shahab

Desenvolvimento e wvalidac3o experimental de uma
metodologia in-house para amplificacdo e
sequenciamento do gencoma completo do Zika wirus /
Shahab Zaki Pour; orientador Paolo Marinho de

Bndrade Zanotto. -- S3c Pauloa, 2018.
111 ¥
Dissertagdoc (Mestrado) } -- Universidade de 53¢

Paule, Instituto de Ciéncias Biomédicas.

1. Zika Virus. 2. Sequenciamento. 3. Genoma
completo. 4. Reacdo em cadeia da polimerase. I.
Marinheo de Andrade Zanotto, Paolo , orientador. II.
Titule.




UNIVERSIDADE DE SAO PAULO
INSTITUTO DE CIENCIAS BIOMEDICAS

Candidato: Shahab Zaki Pour

Titulo da Dissertagado: Desenvolvimento e validagao experimental de uma
metodologia in-house para amplificagdo e sequenciamento do genoma completo
do Zika virus

Orientador: Prof. Dr. Paolo Marinho de Andrade Zanotto

A Comisséao Julgadora dos trabalhos de Defesa da Dissertagdo de Mestrado, em
sessao publica realizada a ................. [oveieeaiiiinnnnn, [oveiiiiiiiinnnnn, , considerou

( ) Aprovado(a) ( ) Reprovado(a)

EXaminador(@): ASSINAtUIA: .........oooiiiiiiiie e e e e e e e e e e e e e e e
I\ 1 01 SRR
[ E] 1) (8 [ Tor= Lo LTS PPRPR

Examinador(a): ASSINATUIA: ..
I\ 0= TP PP PTPOPP
101 1 (U] To7= o PP RURPPRPRN

Examinador(a): F ] = (U] = SR
I\ 1 01U
INSHEUIGAO: ... e

Presidente: F AT g = L (U = TR
N O e e e
1S3 11 (0 o= Lo R UPRURRRRTRR



>

ICBUSP
Cadade Universitana “Armande de Salles Oliveira’, Bulantd, S3o Paulo, 5P - Av, Profassor Linew Prestes, 1l - 05508 000
Comité de Etica em Pesquisa =m Seres Humanos - Telefone (11) 3091.7733 - e-mail cepE » b

530 Paulo, 21 de setembro de 2017,

PARECER 1354 /CEPSH

CAAE n® 75975517.8.0000.5467
Protocolo CEPSH-ICB n® 1398/17

0O Comité de Etica em Pesquisas em Seres Humanos do ICB, nesta
data, APROVOU o projeto intitulado: "Desenvolvimento e validacdo experimental de
uma metodologia in-house para amplificacdo e sequenciamento do genoma completo
do Zika virus”, do pesquisador Prof. Dr. Pacolo Marinho de Andrade Zanotto e do aluno
Shahab Zaki Pour.

Cabera aos pesquisadores elaborar e apresentar a este Comité,
relatérios anuais (parciais e final) de acordo com a Resolugdo n®? 466/12, item 11, 11.19 e
1.20, do Conselho Nacional de Sadide, conforme modelo constante no site:
wwZ.ich.usp.br/ich/cepsh, como também finalizar o processo junto 4 Plataforma Brasil
quando do encerramento deste projeto.

0 primeiro relatério devera ser encaminhado & Secretaria do CEP
em 21/09/2018, bem como anexado uma copia a Plataforma Brasil.

Atenciosamente,

' i {'ik--._,._._-l S ,z:'__ s
‘——Profa. Dra. CAMILA S@ﬁ&ﬁ‘rﬁuﬁ

Coordenadora do\Comité de Etica em
Pesquisas com Seres Humanos - ICB/USP

Comité de Etica em Pesquisa em Seres Humanos do Instituto de Ciéncias Biomédicas f USP
Aprovada pela Comigede Nacional de Etica em Pasquisa - CONEP, em 10 de fevereiro de 1998.



PERSONAL ACKNOWLEDGEMENTS

Initially, none of these achievements were possible without my mentor Professor. Dr.
Paolo. | would like to deeply express my gratitude and thanks for my acceptance in
his lab. He trusted me, gave me the opportunity, and for encouraging to do the tasks
that in the beginning appear to be impossible. Thanks for his brilliant mind that
always make the best decision and give the best advices ever.

| am grateful to all of those with whom | have had the pleasure to work during these
three years would like to thank all my lab mates: Erica, Atila, Caio Daniel and
Danielle. Many special thanks to Carla, Nicholas, Sussana, Anderson, Danielle
Durigon and Telma and Dino.

Many thanks to Prof. Dr. Edison Durigon to give me many advices in my qualification.

Finally, | cannot even find any word that can express my forever immense gratitude
to my friend and colleague Marielton. It was not possible to approach my aim without
him. This project didn’t exist without his support and hands, he gave me every time |
needed. It is a great opportunity for whoever works directly with him.

| would like to thank who collaborated and helped me in this project. Dr. Jodo Renato,
Camila, Marcela and Murilo from Hospital Israelita Albert Einstein.

Many special thanks to Prof. Dr. Saulo, Andrea from Faculty of Medicine in Jundiai,
SP.
| am grateful to Gisele for many helps she gave me.

| must express my gratitude to my wife and parents for their support and
encouragement.

Lastly, | would like to emphasize that the mission has finished, but the job will
continue.



FINANCIAL ACKNOWLEDGEMENTS

| would like to thank Coordination for the Improvement of Higher Level Personal

(CAPES) for providing me Scholarship during two years.

Moreover, my study wouldn'’t finish without founds we received from the Sado Paulo
Research Foundation (FAPESP) and also The Brazilian National Council for

Scientific and Technological Development (CNPq).



Resumo

ZAKI POUR, SH. Desenvolvimento e validagao experimental de uma metodologia in-
house para amplificagao e sequenciamento do genoma completo do Zika virus.
[Dissertacao (Mestrado em Microbiologia)]. Sado Paulo : Instituto de Ciéncias
Biomédicas, Universidade de Sao Paulo, 2018.

O zika € um arbovirus emergente. Ha evidéncias para a relagdo entre o zika e a
microcefalia congénita e também com a sindrome de Guillain-Barre. Varias
caracteristicas do virus sao importantes, como a persisténcia do virus no sémen por
varios meses, transmissao sexual e evidéncia de transmissao pré-natal. As maes
gravidas infectadas com zika podem dar a luz criangas aparentemente saudaveis
que podem apresentar manifestacdes e complicagdes tardias. Existe uma clara
necessidade de diagnosticar e sequenciar amostras clinicas do ZIKV que circulam
na América do Sul, especificamente no Brasil. No entanto, as baixas cargas virais
observadas que sdo observadas comumente em amostras humanas constituem um
fator complicador para detecg¢ao, amplificacdo e sequenciamento. Neste projeto,
propor projetar um fluxo de trabalho otimizado para o sequenciamento completo do
genoma com base no pré-enriquecimento por PCR (reacdo em cadeia da
polimerase) e pools de amplicons.

Palavras-chave: Zika. Reacdo em cadeia da polimerase. Enriquecimento prévio.
Sanger. Sequenciamento de nova geragado. Amplificacdo de genoma viral completo.



Abstract

ZAKI POUR, SH. Development and validation of an in-house method for whole
genome amplification and sequencing of Zika virus. [Master Dissertation
(Microbiology)]. Sao Paulo : Instituto de Ciéncias Biomédicas, Universidade de Sao
Paulo, 2018.

Zika is an emerging arbovirus. There is enough evidence for the relation between
Zika and congenital microcephaly and also with the Guillain-Barre syndrome. Several
characteristics of the virus are important, such as persistence of the virus in semen
for several months, sexual transmission and evidence of prenatal transmission. Zika
infected pregnant mothers may give birth to apparently healthy children that may
show late manifestations and complications. There is a clear necessity of diagnosing
and sequencing clinical samples of ZIKV circulating in South America, specifically in
Brazil. Nevertheless, the observed low viral loads that are commonly in human
samples constitute a complicating factor for detection, amplification and sequencing.
In this project, we aim to design an optimized workflow for full genome sequencing
based on pre-enrichment by PCR (polymerase chain reaction) and amplicon pools.

Keywords: Zika. Polymerase chain reaction. Enrichment. Sanger. New generation
sequencing. Whole genome amplification.
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1. Introduction

Zika virus (ZIKV) was first identified in a rhesus monkey in the forest of Ziika in
Uganda in 1947 (1). Then the virus was recovered from the mosquito Aedes
africanus, caught in the same forest in 1948 (2). The first human cases of ZIKV were
detected in Uganda and the United Republic of Tanzania in 1952 (3). In 1964 a
researcher from Uganda was infected while working with the virus, confirming the
Zika virus disease in human (4). Human cases were confirmed, although no
hospitalization was reported between the 1960’s and 1980’s. The disease then
moved from Uganda to western Africa and Asia in the first half of the 20™ century (5,
6). ZIKV was detected in mosquitoes found in equatorial Asia, including India,
Indonesia, Malaysia, and Pakistan from 1969 to 1983 (7). The first ZIKV large
outbreak in humans reported in the Pacific Island of Yap in the Federated States of
Micronesia with an estimated 73% of residents infected in 2007. Prior to this, only 14
cases of human ZIKV were documented around the world (8). In 2008, a US scientist
conducting field-work in Senegal fell ill with ZIKV infection. On his return home to
Colorado, he infected his wife and that was the first documented case of sexual
transmission of ZIKV (9). In 2013 and 2014, outbreaks occurred in the Pacific:
French Polynesia, Easter Island, the Cook Island, and New Caledonia. After infection
has been linked to microcephaly in Brazil, thousands of previous suspected
infections in French Polynesia were re-investigated in order to establish and confirm
a possible association between the ZIKV virus and congenital malformation and to
severe neurological and autoimmune complications (10, 11). On March 2014, during
the outbreak in French Polynesia, two mothers and their newborns were found
infected. The infants possibly acquired the infection by transplacental transmission or
during delivery (12). At the same time, during the outbreak in French Polynesia,
1,505 asymptomatic blood donors reported being (polymerase chain reaction) PCR
positive for ZIKV alerting the authorities that the virus can be passed on through
blood transfusion (13). Brazil notified WHO of an iliness with the symptom of rash in
north-eastern states on the 29 of March 2015. From February 2015 to 29 April 2015,
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nearly 7000 mild cases are reported, with no associated deaths. Of 425 blood
samples tested, 13% were dengue positive. Tests for Chikungunya, Measles,
Rubella, Parvoviruses B19, and Enteroviruses were negative. At that time, ZIKV was
not suspected and was no tests were carried out for its detection. On May 2015,
Brazil National reference laboratory, The Oswaldo Cruz Institute confirmed ZIKV
circulating in Brazil and this was the first report of locally acquired ZIKV in the
Americas (14). On November 2015, Brazil declared a national public health
emergency, as cases of suspected ZIKV associated with microcephaly continued to
increase. At the same time, in Brazil it was detected ZIKV genome in blood and
tissue samples of a baby with microcephaly (15). Afterward, during January of 2016,
it was reported 3,893 suspected of microcephaly and 1,708 cases of Guillain-Barre
syndrome in Brazil. On September 2016 WHO concluded that Zika virus infection
during pregnancy is the cause of congenital brain abnormalities (14). Finally, on
the18 of November 2016, WHO declares the end of the public health emergency of
international concern regarding microcephaly, although concerns still prevail in Brazil
and more research will be necessary to understand ZIKA evolution, host adaptation,
viral virulence and molecular epidemiological investigations (16). Recently Zika was
included in the top ten emerging pathogens with the potential of causing a public
health emergency and the absence of effective drugs or vaccines by a panel of
scientists and public health experts convened by WHO in the January of 2017, also

in the Second annual review in the February 2018 (17).

1.1 The Zika virus

Arboviruses (Arthropod-borne viruses) comprise more than 500 viruses
transmitted either by insect vectors or spread as a zoonotic agent. Arboviruses are
classified according to antigenic and phylogenetic relationships, morphology, and
replicative mechanisms. Arboviruses are included in different taxonomic families,
including Flaviviridae (genus Flavivirus), Bunyaviridae (genus Nairovirus,
Orthobunyavirus, Phlebovirus, and Tospovirus), Togaviridae (genus Alphavirus),
Rhabdoviridae (genus Vesiculovirus), Orthomyxoviridae (genus Thogotovirus), and
Reoviridae (genus Orbivirus and Coltivirus) according to International committee on

taxonomy of viruses (18).
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Mosquitoes are the main vectors for most arboviruses, although other biting
flies, midges, and ticks may also transmit these diseases. Humans are understood as
important hosts because of the huge outbreaks observed in the Americas. Humans
transmit disease to female mosquitos during blood feeding. The virus replicates in
midgut cells and moves to the hemocoel (the primary body cavity of most
invertebrates, containing circulatory fluid) infecting subsequently the salivary glands,

from where is transmitted back to humans.

ZIKV belongs to the genus Flavivirus in the family Flaviviridae. The genus
Flavivirus includes 53 other viral species, as well as the Dengue, Yellow Fever, Saint
Louis encephalitis and West Nile viruses (19). ZIKV belongs to the Spondweni
serogroup which shares serological cross-reactivity and similar clinical presentations.
It has a small virion of approximately (50 - 60) nm in size (20), single-stranded RNA
of positive sense, around 11 kb in length (21), with a single ORF (open reading
frame) flanked by 5’ (106nt) and 3’ (428nt) UTRs (untranslated region) at both ends.
It has 5’ cap structure at 5’ end and not polyadenylated at the 3’ end, but makes a
secondary loop structure that leads to the formation of a subgenomic flavivirus RNA
(sfRNA) that is abundant non coding subgenomic RNA in infected cells through
genomic RNA degradation by the host XRN1 exonuclease. The sfRNA is an
extension of the 3’ UTRs and it is essential for pathogenicity (22, 23). The single ORF
then encodes a polyprotein precursor, which is cleaved by both host and virus
enzymes, resulting the tree structural viral proteins C (capsid), preM (pre-
membrane), E (envelope) and seven non-structural proteins NS1, NS2A, NS2B,
NS3, NS4A, NS4B and NS5 (24). NS1 is essential for virus replication and inhibition
of complement-mediated immune response (25) and makes multimers with different
functions during the infection cycle, including dimers involved in the replication
complex in vesicles and hexamers, complexed with lipids that are secreted to the
extra cellular environment. NS3 combines helicase/NTPase, serine protease, and
RNA triphosphatase activity (26 - 28). NS2B is a cofactor for the protease activity of
NS3. NS5 contains a methyltransferase and RNA-dependent RNA polymerase
(RdRp) domains and is necessary for genome replication also capping of nascent
RNA (29).
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Figure 1 — ZIKV genome organization based on the MR-766 isolate
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Untranslated regions play a fundamental role by RNA cyclization during the
Flaviviruses replications (Figure 2) (30). This complementary requirement between 5’
and 3’ untranslated regions not only showed by RNA secondary structure prediction,
but also by using infectious clones and replicon systems of DENV and WNV (31, 32).
These RNA elements within the UTRs include 5’ stem loops A and B (5 SLA and
5’'SLB respectively), 5’ and 3’ upstream AUG, 3’ cyclization sequence, 3’ short hairpin
structure (sHP), the highly-conserved 3'SL and the 5 cyclization sequence, and the
capsid-coding region hairpin element (cHP) that lies within the ORF The translation
initiator AUG at the 5’ UTR found to be complementary to the region present at 3° SL
(stem loops) which is called cyclization sequence 5’-3’ UAR (Figure 2) (33).

Figure 2 — 5’ and 3’ untranslated regions structures (33)
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The transmission to humans occurs through the bite of infected mosquitoes. After the
entrance of the virus, it interacts with host cell receptors like DC-SIGN (Dendritic Cell-
Specific Intercellular adhesion molecule-3-Grabbing Non-Integrin) known as CD209,
and also TAM family of the receptor, tyrosine kinase (Tyro-3, Axl, and Mer). With the
attachment of viral envelope protein (E) and mediation of host cell receptor
internalization occurs by endocytosis and the virus fuses with the endosome. Low pH
causes the release of genomic RNA into the host cell cytoplasm. The positive ssSRNA
in replication vesicles is translated into a large polyprotein that is subsequently
cleaved into mature structural and non-structural proteins. Negative ssRNA then is
synthesized from the positive ssRNA serving as a template strand for viral genome
replication by the viral-encoded RdRp and finally assembling. Polyprotein will be
made. Then the polyprotein is cleaved into separate, mature proteins. Replication
takes place at the surface of Endoplasmic Reticulum (ER). Virus assembly occurs in
the endoplasmic reticulum and the virion buds at the ER and is translocate to the
Golgi apparatus. The prM is cleaved into the Golgi and then the mature virion is

released by exocytosis (34 - 40).

Based on the genome sequencing and phylogenetic trees, three distinct
genotypes were identified, West African (Nigerian cluster), East African (MR766
prototype cluster), and Asian (41- 43), (Figure 3).

Figure 3 — Maximum likelihood phylogenetic tree of ZIKV
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2. Justification

Although there is some proof of ZIKV persistence and shedding in vaginal
secretion, urine, tears, saliva, semen for weeks, even months. Generally, the viremic
period is short, allowing direct virus detection from blood and saliva, usually during
the first 3-5 days after the onset of symptoms (sometimes up to 7-8 days) (44 - 49).
Enough genomic material should be provided to sequencing with all different

sequencing platforms, including Sanger and Next Generation Sequencing.

Figure 4 — ZIKV detection by different methods
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Days after onset of Zika Virus disease
An overview of the laboratory diagnosis tests shows the optimal periods for ZIKV detection by different
techniques. The genomic material is detectable in urine and saliva for a longer period in comparison
with serum and plasma by RT-PCR. Cell culture (CC) can be useful to isolate virus until the second
day of viremia, but up until 3 weeks in the case of semen. ELISA (Enzyme-linked Immunosorbent
Assay), IFA (Immunofluorescent Assay), also NT (Neutralization test) is applicable from 7 days to 2
months after infection and in the case of IgM and much longer by IFA and also by detection of IgG.

When an individual shows clinical signs and some disease manifestations, he
may seek medical attention, although a large majority of cases are asymptomatic.
Typically, most infected individuals never develop symptoms and when symptoms

occur, they are rather mild and can also be mistaken by other infectious diseases.
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During the acute phase, generally the immune system is able to control the virus in

the blood and viral titers tend to get low and eventually vanish (Figure 5).

9days 10days

(311 days) (4-14 days) (2-19 days)

Figure 5 — The course of symptoms, antibodies and viremia
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On average, the symptoms would appear in 6 to 11 days and during this period IgM (Immunoglobulin)
and IgG is produced. Viremia is even shorter than 10 days (50).

Because of the low copy of ZIKV in the blood and also due to the short viral
incubation time, the amplification and sequencing of Zika constitute a significant
challenge for virologist and clinical laboratories. This is best shown by the fact that
only around 68 complete genomes have been sequenced so far from Brazil.
Although, better efficiency in the detection, due to higher viral load, has been
reported from urine and saliva in comparison with other specimens is reported, in the
beginning of 2016 the best choice was still serum. The results of RT-PCR from most
of the blood samples tested in our laboratory shows that the CT (threshold cycle
value) is more than 30, corresponding to less than 1000 genome copies of virus per
milliliter. This could explain the difficulty found for amplification and sequencing.
Sanger sequencing requires at least 3 - 75 ng depends on the product size and new
generation sequencing needs 1ng of DNA input. It could be tedious, time-consuming
and error-prone cloning whole viral genome into vectors with the objective of
sequencing. Direct sequencing of clinical samples without previous passage in cell
cultures is also a challenge. As mentioned above, a low number of Zika full genome
sequences have been deposited in GenBank since the beginning of 2016. Moreover,
low quality of the obtained sequences from some regions of the genome shows the
difficulty of this job. In sum, the short viremic phase and low titers make the

sequencing of ZIKA a great challenge.
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There are a total of 68 complete genomes deposited at NCBI (National Center for
Biotechnology Information), 13 sequences in 2016, 52 in 2017 and 3 sequences in
20018. From this 68 complete sequences, 27 were sequenced using the lllumina
platform, 24 by MinlON Oxford Nanopore, 5 by Sanger and three in not mentioned
(Consulted at the 21 of March, 2018). Furthermore, the quality of the sequences
available is not so satisfactory due to the presence of some gaps (unavailable

sequences provided) (Figure 6).

Figure 6 — Schematic view of ZIKV sequences publicly available in NCBI
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All 68 complete genomes publicly available from NCBI were aligned using MUSCLE V. 3.8.31. To have
better alignment we manually cut the 5’ and 3'UTRs. Then realign them again with the same program.
The alignment opened with Geneious V 10.2.3 and reduced until all appear in a one page. The dark
black lines appear due to the gaps and regions witch was not successfully sequenced by different
platforms. Only the coding region was considered due to better alignment of this region.
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. Objectives

Design new sets of overlapping primers for complete ZIKV genome
Sequencing including 5" and 3" UTRs;

Whole genome Sanger sequencing based on overlapping amplicons;
Sequencing the amplicons generated by PCR with NGS;

Evaluation of two amplification strategies for templates present at high and low

copy number.
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4. Materials and methods

4.1 Oligonucleotide primers

The fact that there is small diversity among ZIKV circulating in Brazil allowed us

the design of a new set of primers to amplify the whole genome of ZIKV, including the

5 and 3’ untranslated regions. We used all available complete ZIKV sequences
retrieved from NCBI by March of 2016 (Accession numbers: KU365780, KU365777,
KU365778, KU365779, KU729217, KU497555, KU321639). The sequences were

aligned with ClustalX (V2.1). Subsequently the alignment was submitted as an input

to the Primerdesign-M available in the Los Alamos HIV site (51, 52). Some options

were considered to have the optimal results, according to the objective such as:

a)

b)

d)

Gap stripping: This option will remove all columns of the submitted alignment having
more than the selected percentage of gaps. A 50% value was chosen as a threshold to
exclude regions that they have more than 50 % of the gaps.

Region of interest: The region of the alignment that needs to be amplified. In this case we
choose 50 to 10600 avoiding regions of 5 and 3’ UTRs due to high diversity. In our
experience choosing such a diverse region would result in an error.

Multiple fragments: In this case multiple fragments were chosen for the suggestion of the
set of primers and not just a single fragment.

Fragment overlap: For multiple primer pairs, these options dictate how much overlap will
exist between each successive primer pair. There are some options available like Max,
Min, Mid, Zero and Flex, which regard to the position of the next primer in the first 25%,
near the middle, in the last 25%, zero or flexible to the position the next forward primer of
the fragment.

Adaptor options: It was chosen no adaptor. It means there is no synthetic DNA attached
to the construct. Because we chose “no adaptor”, we needed to provide a read length
that obviously depended on the system of primer design and on the different sequencing
technologies due to different read length limitation. Therefore, it required from us a
minimum and maximum read length of 600 to 900 bp, which is a desirable size for
Sanger sequencing with acceptable quality.

Tag options: You can choose how to optimize the tags/barcodes. It was chosen no tag.
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Primer options: Such a minimum and maximum primer size, detection limit (%) can be
between zero to twenty for determining the level at which rare variants should be included in
the design (the default was chosen which is 5), complexity limit, the maximum difference in
Tm (Melting temperature), dimer window size, dimer maximum ratio, G/C clamp. We choose
a minimum of 20 and maximum of 24 with the complexity limit of 1 for avoiding degenerate
primers. Detection limit of 5 with is the default for avoiding degenerate primer design and 5
C° of maximum Tm difference. The dimer window size of 10 by default was chosen. This was
because it is the proper window size for primer-primer dimerization. Finally, G/C clamp, which
allows to specify that the 3’ end of the primer must be a G or C, which, helps promote
specific binding due to the strong bonding of G and C bases. Nevertheless, more than 3 G’s

or C’s should be avoided in the last 5 bases at the end of the 3’ of primers.

Although the result was a suggestion list to cover all the regions of interest for amplifying
whole genome (almost 400 primers), 39 desirable primers were chosen manually, using
different criteria such as:

a) MegaBlast result for checking the specificity, genotype, query coverage, identity.

b) Tm of each primer again verified with different available tools in silica utilizing Oligo

Calculator V 3.27 available at http://biotools.nubic.northwestern.edu/OligoCalc.html and

also OligoAnalyzer 3.1 available at https://www.idtdna.com/calc/analyzer.

c) Overlap of at least 100 bp.

d) Amplicon size which can be between 700 to 900 bp.

e) Tm difference of not more than 5 C° for the reverse and forward primers.

f) GC % between 40 and 50.

Initially, the properties of all primers were checked with the specific objective of
determining the ideal annealing temperature in silico utilizing Oligo Calculator V 3.27
available at http://biotools.nubic.northwestern.edu/OligoCalc.html and also

OligoAnalyzer 3.1 available at https://www.idtdna.com/calc/analyzer.
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Table 1 - Oligo primers used in this study (Position based on KU940228)

Oligo Name Sequence 5'-3' Position Size Ta
ZIKbr-F1 GACAGTTCGAGTTTGAAGCGAA 28-49 22 55
ZIKbr-F2 TCAATGCTAGGAAGGAGAAGAAGA 389-412 24 56
ZIKbr-F3 AGCACAGTGGGATGATTGTTAATG 1415-1438 24 54.5
ZIKbr-F4 GTGTCATACTCCTTGTGTACTGC 1882-1904 23 53
ZIKbr-F5 GGGTCTGAACACAAAGAATGGATC 2400-2423 24 54
ZIKbr-F6 ATAACAGCTTTGTCGTGGATGGTG 2876-2899 24 56
ZIKbr-F7 GAAGGGTGATCGAGGAATGGT 3401-3421 21 53
ZIKbr-F8 CATTGAAAGAGCAGGTGACATCA 4377-4399 23 54.5
ZIKbr-F9 GGAGAGAGAGCGAGGAACATC 4918-4938 21 55.5

ZIKbr-F10 ACCTTCACTTCACGTCTACTACAG 5404-5427 24 55
ZIKbr-F11 ATACTTGATGGCGAGAGAGTCATT 5910-5934 24 56
ZIKbr-F12 AGAGTTTGTTCAGATCATGCGG 6403-6424 22 54.4
ZIKbr-F13 AGTAGGTCTTCTGGGCTTGATTAC 6885-6908 24 55
ZIKbr-F14 CATTGATCTTGGATGTGGCAGAG 7896-7918 23 55.5
ZIKbr-F15 AGTGAAATATGAGGAGGATGTGGA 8415-8438 24 54
ZIKbr-F16 AGGGGCAATATTTGAAGAGGAAAA 8895-8918 24 53.5
ZIKbr-F17 CCAAAACAAAGTGGTAAAGGTCCT 9387-9410 24 53
ZIKbr-F18 AGCACCAATCTTAATGTTGTCAGG 10377-10400 24 54.5
ZIKbr-R1 TCTATTGATGAGACCCAGTGATGG 286-309 24 55
ZIKbr-R2 CTAGTGGAATGGGAGGGGAGC 759-779 21 55
ZIKbr-R3 CCTCTGTCCACTAACGTTCTTTTG 1251-1274 24 55
ZIKbr-R4 GTGAACTGCTCCTTCTTGACTC 1752-1773 22 54
ZIKbr-R5 CTCCAACTGATCCAAAGTCCCAG 2259-2281 23 55.5
ZIKbr-R6 GGCAATCTCTGTGGACCTCTC 2781-2801 21 54
ZIKbr-R7 CCTTTCATTTGGGTCCTGTAGC 3263-3284 22 53.5
ZIKbr-R8 CTGACTTTGAATGCCGCTATCAG 3778-3800 23 57
ZIKbr-R9 ATCTCTATATCTGCCTTGGCGAA 4282-4304 23 56
ZIKbr-R10 ATCAAGTCTCCCTTCACCGCTT 4788-4809 22 56
ZIKbr-R11 GTTGGAGCTAAGATCACGGTG 5265-5285 21 53.5
ZIKbr-R12 CTCTGTCTCAAAAGTCTTTCTGCT 5770-5793 24 56
ZIKbr-R13 CAAAGCACCATCTTCTATCTGTGT 6278-6301 24 55
ZIKbr-R14 GAAACACAACAATGAGGACACATG 6779-6802 24 53
ZIKbr-R15 CTGGGATCAAGTACATGTAGTGC 7266-7288 23 54
ZIKbr-R16 CTCTTCTCTGCACACCTCGGT 7762-7782 21 56.5
ZIKbr-R17 CAGGAAGAGACCATGCTCATAAC 8785-8807 23 54.5
ZIKbr-R18 CAGTGTCATCTGCATACATCCTTC 9251-9274 24 55
ZIKbr-R19 ACTTCTTCCCAGTTGTCCCATC 9767-9787 22 53
ZIKbr-R20 CGCACCATGTTGACTGTGTTTT 10262-10283 22 54
ZIKbr-R21 CTCTAACCACTAGTCCCTCTTCTG 10649-10672 24 56
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4.2 Study design

We included several samples to test our system: (/) the IEC isolated was used
for optimization of whole workflow, from the extraction to sequencing. It was
sequenced using the Sanger method using both short and long amplicons with
lllumina; (i) 6 temporal samples collected from the same patient during 2 months; (iii)
a sample collected in late 2014, which was sequenced using short amplicons using

the lllumina technology.

4.3 Optimizations assays and protocol validations

4.3.1 Cell culture infections

All positive control and viruses used for the optimization since extraction,
primers optimizations and validations, and finally the sequencing were obtained from
C6/36 and Vero infected cells. The virus used for this purpose was kindly supplied by
the Evandro Chagas Institute (called ZIKV-br in this project). 200 pL of virus
suspension were inoculated in 10E6 cells, seeded in the previous day that were
growing at 28°C in Leibovitz's L- 15 and 100 g/ml, respectively. Green monkey kidney
(Vero), cells were cultured as monolayers at 37°C at 5% CO- in Eagle’s minimum
essential medium with 5% calf serum and penicillin G, streptomycin, at 100 1U/ml and

100 g/ml, respectively. CPE (cytopathic effect) has been observed in a week.

4.3.2 Virus titration

Approximately 10E5 PS cells (porcine stable kidney cell) kindly provided by
the Institute Pasteur in Dakar were seeded into a 24 well plate, each well containing
500 pL of complete DMEM (DMEM supplemented with 10% of FBS and 1x penicillin-
streptomycin-glutamine solution) and incubated for 24 h at 37C° also 5% CO,. On the
next day, 10-fold serial dilution of viral stock consist of 100 pL of virus in 900 uL of
DMEM supplemented with 10% of FBS was prepared and labeled from 10E-1 to
10E-10. 100 pL was discarded from the last tube. Afterwards, the medium was

discarded and the cells were washed one time with FBS 37 C° to get rid of cell
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derbies and dead cells. Respectively, each two wells from the plate seeded at the
previous day got infected with 200 uL from each 10-fold serial dilution in duplicates.
Two wells were left just with cells as a control. The plate was incubated at 37 °C with
5% CO,, shaked mildly each 20 minutes for two hours. The supernatant was then
discarded, 250 yL of CMC 3.2% (Carboxymethyl Cellulose) and 250 pL of culture 2x
medium with 10% FBS was added and mixed by gentle. The plate was incubated for
4 days, then the supernatant (CMC and culture medium) is discarded and washed
with PBS 1x (Phosphate-buffered saline) three times, each time with 1 ml. 3%
Paraformaldehyde was added and left for 20 minutes at room temperature.
Supernatant was discarded and washed with 1 ml of PBS 1x three times. 300 yL of
Triton X100 (0.5%) was added and incubated for 4 minutes. Again the supernatant
was discarded and washed one time with PBS 1x. 300 uL of crystal violet was added
and the plate stayed at room temperature for 30 minutes. Finally, the plate was
washed with normal tap water and stayed at room temperature until dry.

The calculation of viral titer based on the plaque assay method is a
quantitative measurement of the biological activity of the virus and is expressed as a
PFU/ml. To estimate the titer, the number of each clear plaque that arises from a
single virus infection is counted. The average of replicates of the same dilution is
calculated and discounted wells less than 5 or greater than 100 plaques. The
negative control should have a uniform monolayer form and should stay intact.
Finally, PFU/ml is the Average of plaques divided by the dilution multiplied by the
volume of diluted virus added to the plate (PFU/mI = Average of plaques/D x V). For
instance, if around 30 plaques were counted and 10E7 is the dilution and the
inoculum was 0.2 ml, then it would yield a titer of 30/10E-7 x 200 that would be 10E6
PFU/mI.

4.3.3 Sample used in this study

Samples were obtained from the central laboratory of Sergipe (LACEN) in
Aracaju or were collected in the region by our research group or were provided by
the staff of the LACEN, during our collaborative investigation of the 2014/15 ZIKA
outbreak in Sergipe. Patient samples were obtained under a term of informed
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consent, following the protocols approved by the Ethics Committee on Human
Research (CEP-ICB) of the Biomedical Research Institute (ICB) at the University of
S&o Paulo (USP). One of these samples S007 from late 2014 was chosen.

Samples from patient 17 (P17) were kindly provided by Prof. Dr. Edison Luiz
Durigon. They were isolated by Erica A. Mendes, Ph.D, Nicholas Di Paola, Ph.D and
also Danielle B.L Oliveira, Ph.D from the Department of Microbiology at the Institute
of Biomedical Science at the University of Sdo Paulo. Sperm samples were collected

at different time points from the infected patient (P17) (Table 2).

Table 2 — All the samples utilized in this study

Collection Ct
Name Material date value
P17-A Sperm 26/04/2016 19
P17-C Sperm 10/05/2016 23
P17-H Sperm 16/06/2016 24
P17-K Sperm 05/07/2016 26
P17-S Sperm 1/09/2016 33
P17-T Sperm 06/09/2016 34
S007 Sera 2014 33
ZIKV-br Cell culture 05/05/2016 15

4.3.4 RNA isolation

Viral RNAs were extracted from the supernatant culture medium and clinical
samples using the QlAamp Viral RNA Mini Kit (Qiagen) according to manufacturer
recommendation and finally eluted in 60 uM of elution buffer provided in the same kit.
Samples were quantified using the nanodrop 1000 spectrophotometer (Thermofisher)

and Qubit RNA Assay Kit with 3.0 Fluorometer instrument (Thermofisher).

4.3.5 gRT-PCR

The CT value of all our samples during the optimization process were
estimated using a set of primers and probe designed by Lanciotti et al. (53). 25uL
reactions containing 5 L viral RNA, 12.5 uL of 2x RT-PCR buffer, 1 pL of the mixture
of forward and reverse primer and probe with the concentration of 10 uM (for the final

concentration of 400 nM of each one), 1 uL of25x RT-PCR Enzyme mix and 4 pL
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nuclease-free water were incubated at 45°C for 10 min for cDNA synthesis, 95°C 10
min for reverse transcriptase inactivation, PCR cycling and detection 40 cycles of 15
Sec at 95°C, 45 Sec at 60°C for data collection step with the 7500 Real-Time PCR
System (Applied Biosystems, Foster City, CA, USA).

4.3.6 cDNA synthesis

Extracted RNA as previously described was converted to cDNA with High-
Capacity cDNA Reverse Transcription Kits (Applied Biosystem) using random
primers. Briefly, 20pL reactions containing 5 pL nucleic acids, 2 pyL of 10 mM random
primer, 1 uL multiScribe RT, 2.5 pL 10X RT buffer, 1 yL (0.1 M) DTT, 0.8 pL (10 mM)
of each dNTPs, 1 pL (40 U/uL) RNaseOUT ribonuclease inhibitor (Invitrogen), and
6.7 uL nuclease-free water was incubated at 25°C for 10 min, 37°C for 120 min, with

inactivation step of 85°C for 5 min.

4.3.7 Short and long amplicons: Two different strategies

We used two distinct strategies for the amplifications based on the low and
high-copy number (RNA input base on the Ct value). Cruz et al, 2016, showed that it
is possible to amplify whole DENV genome with two different strategies base on a
high- copy and low-copy templates. Low-copy numbers can be amplified with 10
overlapping segments and high-copy numbers just with 5 overlapping amplicons.
Therefore, the idea was tested in our case and was observed the same result as
described by Cruz et al, 2016. Later in October of 2017 the same authors reported
the same observation for ZIKV (54, 55).
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Figure 7 — Short amplicon strategy for ZIKV full genome amplification
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4.3.8 Amplication and amplicon generation

Amplicons were generated in 22 pL reactions containing 2 pL ZIKV cDNA
previously described, 0.5 pyL each (10 mM) forward and reverse primers, 0.1 pL
PlatinumTag DNA Polymerase High Fidelity (Invitrogen), 2.5 yL 10X PCR Buffer
(reaching a final concentration of 1.13 x per reaction), 1 yL (50 mM) MgSO4, 0.5 pL
(10 mM) dNTPs, and 14.9 pL nuclease-free water. The cycling conditions with MJ
Research PTC-200 Peltier thermal cyclers from Bio-Rad consisted of Amplification
was carried out as follows: 94 °C for 5 min, followed by 40 cycles at 94 °C for 15 s,
55 °C for 30 s, and 68 °C for 2 minutes and 30 seconds in the case of short
amplicons and 4 minutes and 30 seconds in the case of long amplicons, followed by
a final extension at 68 °C for 10 min. Amplicons were visualized on 1 % agarose gels
submitted to electrophoresis at 90 Volts for 90 min in TAE buffer 1 %, utilizing the
ladder of 100 bp (Invitrogen) in the case of short and 1 kb plus (Invitrogen) for long

amplicons.

4.3.9 Limit of detection by convenience PCR

It was prepared a serial dilution of known titrated ZIKV (as previously
described) from 10E9 to 10ES5, spiked in serum which was already tested to be
negative for ZIKV, to mimic clinical samples all carried out in triplicate. Viral RNA
extraction was carried out with QlAamp Viral RNA Mini Kit (Invitrogen), following the
manufacturer’s protocol. Purity and quality of extracted RNA were checked with a
Nanodrop1000 Spectrophotometer (Thermos Fisher). qRT-PCR were done with
Lanciotti primers the same as previously described. Each point was visualized on 1%

agaose gels as previously described.

4.3.10 Standard curve for absolute quantitation

We prepared a triplicated serial dilution of already known titrated ZIKV.
Subsequently RNA was extracted with QlAamp Viral RNA Mini Kit (Qiagen) and qRT-
PCR carried out utilizing primers and probe from Lanciotti et al 2008. By doing so we

can estimate the quantity of virus, according to the Ct value.
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4.3.11 3’ and 5 UTR regions

There are always some difficulties and challenges in the amplification of both
3 and 5 prime UTRs. Therefore, we tried to use different concentrations of
enhancers such as DMSO, formamide, glycerol according to the literature (56 — 64).
Successful amplifications were obtained by changing the forward primer for the 3’
UTR, as well as also starting the reactions after an incubation at 95°C for 5 minutes,
also increasing annealing temperature from 50 to 55 C° followed by the remaining

amplification cycles as previously described.

4.3.12 PCR product purification

There are different techniques available for the direct purification of PCR
product in solution or from agarose gel bands. Generally, using these techniques we
remove primers, salts, unincorporated nucleotides and also thermos-stable DNA
polymerase, which may inhibit subsequent enzymatic reactions. It could also be
useful for purifying cDNA for subsequent PCR reactions. It can be enzymatic like
ExoSAP from Termo Fisher, using a silica column like the one we used, and also by
simple steps of purification utilizing different alcohols like Ethanol and Isopropanol.
For such a purpose, we used High Pure PCR cleanup kit from Roche according to
the manufacturer's instructions. 20 yL of PCR product (amplicons) were adjusted to
100 uL with UltraPure DNase/RNase-free distilled water (Thermo Fisher Scientific)
then 400 uL of binding buffer. Binding enhancer was not added to the reaction
because of the size we were expecting to purify (>800 bp). Next, the mixture was
added to the tubes with Silica and centrifuged for 1 minute. Subsequently, 300 pL
and 400 pL of wash buffer were used respectively and centrifuged at 8000 RPM for a
minute. Finally, eluted with 20 pL of elution buffer provided with the kit and

centrifuged at 8000 RPM for a minute as well.
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4.3.13 ZIKV full genome Sanger sequencing

Sequencing was done to verify the specificity of the primers and to check if
complete genomes could be obtained. The cDNA was prepared as previously
described. The primers used for sequencing PCR were diluted to a final
concentration of 3 pM. Sequencing reactions was done utilizing ABI BigDye
Terminator v3.1 (Applied Biosystem, Foster City, California, USA), containing 2.5 x
Big dye 2 uL, 5x buffer 1 uL, primers (forward /reverse at once) 1 uL, nuclease free
water 5 yL, DNA (Purified and quantified PCR product) 1 uL (At least 20 ng) for the
final volume of 10 pL. It is Worthy to mention that all the amplicons (PCR product)
were quantified by Qubit dsDNA HS Assay Kit (Thermo Fisher) after the purification
and before the submission to the sequencing PCR. We adjusted the Nuclease free
water, when was necessary to use more DNA (PCR product). The cycling conditions
consisted of 96 °C 1 min, 25 cycles of 96 °C for 10 Sec, 50 °C for 15 Sec, 60 °C for 4
min, maintaining at 4 °C at the last cycle. For the Precipitation, we utilized X-
terminator kit (Applied Biosystem, Foster City, California, USA) using 45 uL of SAM
buffer, 5 uL of X-terminator, and 50 uL of the mixture per reaction. Then, 50 uL of the
mixture of X-terminator was added to each well (MicroAmp Optical 96-Well Reaction
Plate) covered by adhesive, then aluminum paper and shaking for 30 min on a
shaker. The plate centrifuged at 3000 RPM for 3 min. We then transferred 10 pL of
this mixture, to a new 96 plate, covered with septa. Sequencing was done on an ABI
prism 3130 XL Genetic Analyser using the POP7 polymer according to the previously
described by Sanger et al, 1977 (55).

Base calling, sequence assembly, and alignment, quality control were done with the

CodonCode aligner software (CodonCode Corporation, Dedham, MA, USA).

4.3.14 Library preparation for Next generation sequencing

Double stranded DNA from PCR amplicons was used as the starting material
to generate the lllumina library utilizing NEXTERA XT kit, following manufacture’s
recommendations and guidelines. As an input, this kit needs the RNA concentration

of 1 ng, totally 5 pyL of each sample. Initially, the first step is Tagmentation
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(Fragmentation and tagging) of input DNA witch the DNA is fragmented in
approximately 300 bp and also tagged the adaptors by the Transposase enzyme.
The next step is PCR Amplification witch tagmented DNA is amplified via a limited-
cycle PCR program, also adds indexes (i5 and i7) required for cluster formation.
Next, the library DNA would be purified by AMPure XP beads from Beckman Coulter.
Finally, libraries were diluted 1:1000 by library normalization buffer provided by the
same kit. By this step we normalize the quantity of each library to ensure more equal

library representation in your pooled sample.

Ready library was quantified in triplicate data points by qPCR using KAPA
SYBR FAST gqPCR kit (KAPA Biosystem). The quality of library and average size
distribution were checked by Agilent High Sensitivity DNA kit (Agilent Technologies).
The concentration of each library is calculated and adjusted by applying the formula
provided by KAPA Biosystem library quantification kit as it is mentioned here, Library
concentration = average concentration x (452/average fragment length) x 1000.
Finally, normalized libraries were pooled together and sequencing with the NextSeq
Reagents kit. The sequencing condition was 300 cycles, 2 x 150 bp, and final library

concentration before the pool was 2 nM. (lllumin, USA).

4.3.15 Next-generation sequencing data analysis and processing

There are different software available for NGS data processing and analysis.
Different pipelines can be designed. A reliable pipeline was designed and used as it

can be observed in the Figure 7.
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Figure 9— Next generation analysis pipeline
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By checking the raw sequence data coming from high throughput sequencing
machine, we were able to analyze the results quickly. For such a purpose, Fastq
outputs were assessed for quality using FastQC V 0.11.6. The reports are in XML
format and were saved and verified for the total sequences (Reads), sequence
length, per base sequence quality, per sequence GC content, sequence length

distribution, overrepresented sequences and adapter content (APPENDIX A).

4.3.16 Removing the adaptors and Trimming

Poor quality or technical sequences, such as adapters, were removed using
Trimmomatic V 0.36. This software includes a variety of processing steps and
algorithms for trimming and different filtering, such as size and quality. Some options
and factors we implemented in the main script for better results. For the best options,
we ran the same group of sequence reads using different options for downstream
data processing. For instance, some of these factors can be observed bellow:

a) Quality scores were set to to Phred 33 (Probability of one error in 1000) as a kind of

normalization for further trimming bases.
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b) For each kit used for library preparation (Nextera XT), adapters were removed and they
were further verified to ensure the successful removal.

c) Leading 20: Cut off low quality or N bases below a threshold quality from the start of
reads. The default was 3 but we used 20 for having a better quality in reads.

d) Trailing: Cut off low quality or N bases below a threshold quality from the end of reads.
The default was 3 but we used 20 for having the better quality in reads

e) SLIDINGWINDOW: Perform a sliding window trimming, cutting once the average quality
within the window falls below a threshold. The default was 4:15 but we change it to 4:25.
It means that the program scans the reads with a 4-bases wide sliding window, cutting
the average quality per base drops below 25.

f) MINLEN: This option was used as the default value of 36. With this option, the

sequences less than 36 bp were eliminated.

As a result of all these base trimming methods on the quality and size, we ended
with files containing two single end and two pair end datasets. Once more, after
trimming, the quality of the reads were checked by FastQC. The reads were
assembled by mapping to the reference genome (It is used ZIKV isolate Paraiba
Accession number of KX280026) utilizing Bowtie2 V 2.3.4 read alignment software.
The resulting assemblies were checked using the IGV (Integrative Genomic Viewer)
(65, 66) or Ugene (67, 68) or Tablet (69) programs. Furthermore, we also collected
information such as a medium coverage, quality of each base, consensus sequence
(APPENDIXA).

4.3.17 De novo Assembly

De novo assembly was done by SPAdes V 3.11 (70) that is an iterative short-read
genome assembly module, based on the value of K-mers, selected on the basis of
read length and data set type. Once again, after confirming the taxonomic identity of

our query sequences, we aligned with a reference genome using Bowtie2 (71).
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5. Results

5.1 Standard curves for absolute quantitation

Drawing a standard curve for absolute quantitation of an unknown amount is
based on a known quantity. From an already titrated virus, we prepared 10-fold
dilutions in triplicated 10 E6 to 10E2. RNA was extracted with QlAamp Viral RNA Mini
Kit (Qiagen) and gRT-PCR carried out utilizing primers and probe from Lanciotti et al
2008, as previously described in details. Then the obtained Ct value is plotted against
the logarithm of the corresponding template copy number. Each standard curve was
generated by linear regression of the plotted points. Although each replicate had
acceptable results with R? above 0.99, we considered the average of the tree 10-fold

serial dilutions for further calculations.

Table 3 — Absolute quantification of ZIKV by Plaque Unit Assay

PFU/ Curve Curve Curve
ml LOG PFU/ml 1 2 3 Average
60000
0 5.78 17.06 17.76 17.17 17.33
60000 4.78 19.2 20.57 20.75 20.17
6000 3.78 23.13 24.68 23.43 23.75
600 2.78 26.57 27.47 26.79 26.94
60 1.78 30.44 31.22 31.49 31.05

6 0.78 33.95 33.62 33.82 33.80
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Figure 10 — Absolute quantification curve base on Plaque Unit Assay
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Given the standard curve, it was possible to make the relationship between
the Ct value obtained and their respective RNA concentration. Using the Ct values
we can estimate how many viral copy existed in a sample with the linear regression
equation (Y= a + b X) where (Y) is the unknown concentration, (a) is the (Y)
intercept, (b) is the slope and (X) is the obtained Ct value we can calculate unknown

concentration base on the obtained Ct value.

5.2 Limit of detection (LD)

As previously described, we prepared a ftriplicate serial dilution of known
titrated ZIKV from 10E9 to 10ES5, spiked in serum that was already tested to be
negative for ZIKV, to mimic clinical samples. Viral RNA was extracted with QlAamp
Viral RNA Mini Kit (Qiagen) in accordance with the manufacturer’'s suggested
protocol, posteriorly converted to cDNA using High-capacity cDNA reverse
transcriptase (Invitrogen light). Conventional PCR was done following the same in-
house protocol as usual, then PCR product was detected by 1% agarose gel

electrophoresis, stained with ethidium bromide and observed under ultraviolet.
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Figure 11 — The Limit of detection visualized by agarose gels
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From left to right: 1 - 100 pb ladder (Invitrogen), 2 - ZIK-br-F1, ZIK-br-R 2 (751bp); 3 - ZIK-br-F 2, ZIK-
br-R 3 (885 bp); 4 - ZIK-br-F 2, ZIK-br-R4 (1384 bp); 5 - ZIK-br-F 3, ZIK-br-R 5 (866bp); 6 - ZIK-br-F 4,
ZIK-br-R 6 (919 bp); 7 - ZIK-br-F 5, ZIK-br-R 7 (884 bp); 8 - ZIK-br-F 6, ZIK-br-R 8 (924 bp); 9 - ZIK-br-
F 7, ZIK-br-R 9 (903 bp); 10 - ZIK-br-F 7, ZIK-br-R 10 (1408 bp); 11 - ZIK-br-F 8 ,ZIK-br-R 11 (908 bp);
12 - ZIK-br-F 9, ZIK-br-R 12 (875 bp); 13 - ZIK-br-F 10, ZIK-br-R 13 (897 bp); 14 - ZIK-br-F 11, ZIK-br-
R 14 (892 bp); 15 - ZIK-br-F 12, ZIK-br-R 15 (885 bp); 16 - ZIK-br-F 13, ZIK-br-R 16 (897 bp); 17 -
ZIK-br-F 13, ZIK-br-R 17 (897 bp); 18 - ZIK-br-F 14, ZIK-br-R 17 (911 bp); 19 - ZIK-br-F 14, ZIK-br-R
18 (1378 bp); 20 - ZIK-br-F 16, ZIK-br-R 19 (892 bp); 21 - ZIK-br-F 17, ZIK-br-R 20 (896 bp); 22 - ZIK-
br-F 16, ZIK-br-R 21 (1300 bp); 22 - ZIK-br-F 17, ZIK-br-R 21 (896 bp). The virus was used in this
experiment was ZIKV-BR, spiked in ZIKV negative tested serum, The Ct value of virus was 15 and the
titration of 5 E10 in PS (porcine stable kidney cell). The PCR products were detected by 1% Agarose
Gel electrophoresis, stained with ethidium bromide and observed under ultraviolet light with the
condition of 90 volts for 90 minutes TAE buffer 1%.
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5.3 First near-full genome amplification.
After a long process of optimizations, for the first time near-full genome was

amplified successfully according to the protocols has already described in details
(Figure 12).

Figure 12 —The first successful nearly whole genome amplification

1400 bp <=
800 bp+-

From left to right: 1 - 100 pb ladder (Invitrogen), 2 - ZIK-br-F1, ZIK-br-R2 (751bp); 3 - ZIK-br-F2, ZIK-
br-R3 (885 bp); 4 - ZIK-br-F2, ZIK-br-R4 (1384 bp); 5 - ZIK-br-F3, ZIK-br-R5 (866bp); 6 - ZIK-br-F4,
ZIK-br-R6 (919 bp); 7 - ZIK-br-F5, ZIK-br-R7 (884 bp); 8 - ZIK-br-F6, ZIK-br-R8 (924 bp); 9 - ZIK-br-
F7, ZIK-br-R9 (903 bp); 10 - ZIK-br-F7, ZIK-br-R10 (1408 bp); 11 - ZIK-br-F8 , ZIK-br-R11 (908 bp); 12
- ZIK-br-F 9, ZIK-br-R12 (875 bp); 13 - ZIK-br-F10, ZIK-br-R 13 (897 bp); 14 - ZIK-br-F11, ZIK-br-R14
(892 bp); 15 - ZIK-br-F12, ZIK-br-R15 (885 bp); 16 - ZIK-br-F13, ZIK-br-R16 (897 bp); 17 - ZIK-br-F13,
ZIK-br-R17 (1900 bp); 18 - ZIK-br-F14, ZIK-br-R17 (911 bp); 19 - ZIK-br-F14, ZIK-br-R18 (1378 bp);
20 - ZIK-br-F17, ZIK-br-R20 (896 bp). The amplification was successful except 5 UTR. The virus was
used in this experiment was ZIKV-BR, Ct value 15, with the titration of 5 E10 in PS (porcine stable
kidney cell).

5.4 Amplification of 5’ and 3’ UTRs

The amplification of 3° UTR was not successful. At this point, we changed our
strategy to solve the problem. First, we started to make the cDNA with the Specific
primer (Reverse primer for this region) instead of Random primer provided by the
High-capacity cDNA reverse transcription kit as previously described. In this case,
nothing has changed. Then, we used PCR enhancers such as DMSO (5%),
Formamid (5%), Betaine solution (0.8 — 1.6 M) as well as some different combination
of forward primer with the same reverse primer. By doing so, we had amplification,
but they were unexpected in specific bands. This is normal for such a region because

there are repeated regions and also RNA makes secondary structures as previously
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mentioned. Then by a simple increase of annealing temperature from 50 C° to 55 C°,
and changing the forward primer the problem was solved (Figure 13).

Figure 13 — Different PCR enhancers for UTRs amplification

2000+
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From left to right t: 1 kb Plus DNA ladder (Invitrogen), 2 - 2 - ZIK-br-F15, ZIK-br-R21 + DMSO (5%) -
2300 bp; 3 - ZIK-br-F15, ZIK-br-R21 + Betaine (1M) - 2300 bp; 4 - ZIK-br-F15, ZIK-br-R21 +
Formamide (5%) - 2300 bp; 5 - ZIK-br-F17, ZIK-br-R21 + DMSO (5%) — 1300 bp; 6 - ZIK-br-F17, ZIK-
br-R21 + Betaine (1M) - 1300 bp); 7 - ZIK-br-F17, ZIK-br-R21 +Formamide (5%)- 1300 bp; 8 - ZIK-br-
F18, ZIK-br-R21 + DMSO (5%) - 295 bp; 9 - ZIK-br-F18, ZIK-br-R21 + Betaine (1M) - 295 bp; 10 - ZIK-
br-F18, ZIK-br-R21 + Formamide (5%) -295 bp; 11 —Negative control (H20), 12 — Positive control
ZIKV-br-F1, ZIKV-br-R1 (290 bp). The same as before, the virus was used in this experiment was
ZIKV-BR, Ct value 15, with the titration of 5 E10 in PS cells.

5.5 Near complete Sanger sequencing

22 PCR product (22 amplicons) were purified utilizing High Pure PCR cleanup
kit from Roche, according to the manufacturer's recommendations and were eluted in
15 pL subsequently, 1 uL of purified DNA were quantified with Qubit 3.0 from thermos
Fisher Scientific. Although the Kit recommendation is 5 to 20 ng depending on the
size, in our experience we had a better result when 20 ng of DNA were submitted to
the Sanger sequencing PCR using BigDye Terminator v3.1 (Applied Biosystem,
Foster City, California, USA) as previously described in detail. As a result, with three
plates the virus provided by the Evandro Chagas Institute (IEC) for scientific research
was sequenced in our laboratory. The Blast result showed 100 % identity to the
Paraiba-1 isolated. It was assembled from 2 contigs 10600 bp that is a near-full

genome of ZIKV (Figure 14).
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The base calling, assembly and trimming was done by DNA Sequence
Assembler v4.36.0 (2013), from Heracle BioSoft, available at www.DnaBaser.com.
It was optimized for normal sample. For automatic end trimming, it trims until there
are more than 60 % good bases in a 16 bases window. Also base calling requires a
quality of Phred higher than 20 in order to be considered good (trusted). The
sequence assembler of the software considers 20-word size (the default) and 75
sample identity percent (default 80%), also minimum overlap of 25 bases, which is
the default of the software. For automatic ambiguity correction, bases with Quality
equal or higher than 22 are considered trusted. The assembly and chromatogram

can be observed in Figure 15, 16.

Figure 14 — Short amplicons of IEC sequenced by Sanger

900 kb -

From left to right: 1 - 100 pb ladder (Invitrogen), 2 - ZIK-br-F1, ZIK-br-R2 (751bp); 3 - ZIK-br-F2, ZIK-
br-R3 (885 bp); 4 - ZIK-br-F2, ZIK-br-R4 (1384 bp); 5 - ZIK-br-F3, ZIK-br-R5 (866bp); 6 - ZIK-br-F4,
ZIK-br-R6 (919 bp); 7 - ZIK-br-F5, ZIK-br-R7 (884 bp); 8 - ZIK-br-F6, ZIK-br-R8 (924 bp); 9 - ZIK-br-
F7, ZIK-br-R9 (903 bp); 10 - ZIK-br-F7, ZIK-br-R10 (1408 bp); 11 - ZIK-br-F8 ,ZIK-br-R11 (908 bp); 12
- ZIK-br-F 9, ZIK-br-R12 (875 bp); 13 - ZIK-br-F10, ZIK-br-R 13 (897 bp); 14 - ZIK-br-F11, ZIK-br-R14
(892 bp); 15 - ZIK-br-F12, ZIK-br-R15 (885 bp); 16 - ZIK-br-F13, ZIK-br-R16 (897 bp); 17 - ZIK-br-F13,
ZIK-br-R17 (1900 bp); 18 - ZIK-br-F14, ZIK-br-R17 (911 bp); 19 - ZIK-br-F14, ZIK-br-R18 (1378 bp);
20 - ZIK-br-F16, ZIK-br-R19 (892 bp); 21 - ZIK-br-F17, ZIK-br-R20 (896 bp); 22 - ZIK-br-F17, ZIK-br-
R21 (1300 bp) and 23 - Positive control consist of ZIKV-br-F1 and ZIKV-br-R1 (290 bp). The PCR
products were detected by 1% Agarose Gel electrophoresis, stained with ethidium bromide and
observed under ultraviolet light with the condition of 90 volts for 90 minutes TAE buffer 1%. Position
based on KU940228.
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Figure 15 — Schematic of genome assembly for Sanger sequencing
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Figure 16 — Base quality of the sequences and chromatogram
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The chromatogram shows the quality of each base with the number written at the bottom of each one
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5.6 Next generation sequencing
5.6.1 Sequencing of IEC isolated

The same PCR products, which were already purified (High Pure PCR
cleanup kit from Roche) and also sequenced by Sanger (Figure 11), were undergoing
the New Generation Sequencing (lllumina platform). All twenty-two amplicons were
quantified by Qubit dsDNA HS Assay Kit (Thermo Fisher Scientific). Then, were
normalized to the concentration of 1 ng then they were polled altogether. A library
was prepared using the NEXTERA XT DNA library preparation kit as was described
previously. Afterward, the quality of the library was analyzed by 2100 Bioanalyzer
instrument from Agilent with the DNA microfluidic chip to check the average size of

the sequences (Figure 13)

Figure 17 — Bioanalyzer result of short amplicons library of IEC

&

Region Table

% of Total Region Comment Color

From [bp] To (bl Average Size [bpl | Conc. [pghu] | ReEion Motarity

196 5090 357 1630 7510 49.38

The Average size of the constructed library is 357 that is optimized for Nextera Xt library preparation
kit.

Finally, sequencing was done using the NextSeq sequencing reagents
(Nlumina), which the output range of 16.25 — 120 GB, 130 — 400 million reads per
run, 2 x 150 bp maximum read length. The library was normalized to the final
concentration of 2 nM, 300 cycles. We then added 5% of Phix and 1.8 pmol of the

final concentration of library for cluster generation.
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Figure 18 — Coverage of short amplicons sequenced by lllumina
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Total reads 602,263, after trimming 397,116, medium coverage 5,457 and it covers 99.11 % when was
aligned and mapped to reference genome (Accession number of KX280026).

The long amplicons were produced by the protocol already described and
submitted with the same conditions as short amplicons to the lllumina platform. The
result of the agarose electrophoresis and also NGS coverage can be observed in
figures 19..

Figure 19 —Long amplicons of IEC sequenced by lllumina

2 kb=

From left to right: 1 - 1 Kb Plus ladder (Invitrogen), 2 - ZIK-br-F1, ZIK-br-R6 (2781bp); 3 - ZIK-br-F2,
ZIK-br-R7 (2895 bp); 4 - ZIK-br-F3, ZIK-br-R8 (2385 bp); 5 - ZIK-br-F5, ZIK-br-R11 (2885bp); 6 - ZIK-
br-F6, ZIK-br-R12 (2917 bp); 7 - ZIK-br-F7, ZIK-br-R13 (2900 bp); 8 - ZIK-br-F8, ZIK-br-R15 (2911 bp);
9 - ZIK-br-F9, ZIK-br-R16 (2864 bp); 10 - ZIK-br-F10, ZIK-br-R17 (3403 bp); 11 - ZIK-br-F11 ,ZIK-br-
R18 (3364 bp); 12 - ZIK-br-F12, ZIK-br-R19 (3384 bp); 13 - ZIK-br-F13, ZIK-br-R20 (3398 bp); 14 -
ZIK-br-F14, ZIK-br-R21 (2776 bp). The PCR products were detected by 0.8% Agarose Gel
electrophoresis, stained with ethidium bromide and observed under ultraviolet light with the condition
of 90 volts for 100 minutes TAE buffer 1%.
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As can be observed in Figure 8, the long amplicons made a long series of overlaps
so it was not necessary to sequence all these amplicons. Moreover, the objective of
having long amplicons is to be able to make the whole genome sequencing just with
6 of these amplicons. Therefore, just 6 of them were chosen and submitted to the
lllumina platform (lane numbers 1, 4, 7, 10 and 13). Bioanalyzer result and genome

coverage are presented by the figure 20.

Figure 20 — Bioanalyzer result of Long amplicons library of IEC
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Region Table
From {bp| To [bp] Average Size [bpl |  Cone. [pg/d] ""*‘E‘&;:'I‘:";""-" "ol Total  |Region Comment|  Color
211 528 179 906 3970 4210

DNA size of the prepared library ranged from 211 to 528 bp with the average size of 379 bp. In both
cases of short and long amplicons there were not observed any difference in size after library
preparation and also tagmentation by the library preparation kit.
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Figure 21 — Long amplicon NGS sequencing coverage of IEC
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5.6.2 Next Generation Sequencing of P17, S007

Extraction,

cDNA synthesis,

PCR, gRT-PCR were done as previously

described in detail (just short amplicons strategy) from the different time point

samples collected from the same patient (Table 4). According to the result of RT-PCR

they had different Ct value during two-month sample collection. These clinical

samples were enriched by PCR prior to the Next Generation Sequencing by lllumina

platform. Therefore, we could show the effect of Ct value of the sample collected

from the same individual.

Table 4 — The samples were sequenced by NGS in this study

Collection Ct
Name Material date value
P17-A Sperm 26/04/2016 19
P17-C Sperm 10/05/2016 23
P17-H Sperm 16/06/2016 24
P17-K Sperm 05/07/2016 26
P17-S Sperm 01/09/2016 33
P17-T Sperm 06/09/2016 34
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The sequencing of P17-T and P17-S were not successful as expected due to high Ct
value. P17-S were sequenced, but unfortunately were not successful, So P17-T were
eliminated from this study.

According to the absolute quantification curve, samples with Ct values of more
than 33, would have approximately around 10,000 viruses/mL that would make the
task almost impossible to amplify and sequenced them with the consideration of the
volume is used in the extraction. Also, we should take into the consideration the fact
of limitation of the samples in a case of clinical samples. According to our previous
experience, even direct sequencing from clinical sample is possible with Ct value

less than 24. For Cts above 24, we have to do some enrichment that can be cloning,

PCR or other technic. The results of PCR and sequencing can be observed in
Figures 18 and 19.

Figure 22 — P17 agarose electrophoresis
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From left to right: 1 - 100 pb ladder (Invitrogen), 2 - ZIK-br-F1, ZIK-br-R 2 (751bp); 3 - ZIK-br-F 2, ZIK-
br-R 3 (885 bp); 4 - ZIK-br-F 2, ZIK-br-R4 (1384 bp); 5 - ZIK-br-F 3, ZIK-br-R 5 (866bp); 6 - ZIK-br-F 4,
ZIK-br-R 6 (919 bp); 7 - ZIK-br-F 5, ZIK-br-R 7 (884 bp); 8 - ZIK-br-F 6, ZIK-br-R 8 (924 bp); 9 - ZIK-br-
F 7, ZIK-br-R 9 (903 bp); 10 - ZIK-br-F 7, ZIK-br-R 10 (1408 bp); 11 - ZIK-br-F 8 ,ZIK-br-R 11 (908 bp);
12 - ZIK-br-F 9, ZIK-br-R 12 (875 bp); 13 - ZIK-br-F 10, ZIK-br-R 13 (897 bp); 14 - ZIK-br-F 11, ZIK-br-
R 14 (892 bp); 15 - ZIK-br-F 12, ZIK-br-R 15 (885 bp); 16 - ZIK-br-F 13, ZIK-br-R 16 (897 bp); 17 -
ZIK-br-F 13, ZIK-br-R 17 (897 bp); 18 - ZIK-br-F 14, ZIK-br-R 17 (911 bp); 19 - ZIK-br-F 14, ZIK-br-R
18 (1378 bp); 20 - ZIK-br-F 16, ZIK-br-R 19 (892 bp); 21 - ZIK-br-F 17, ZIK-br-R 20 (896 bp); 22 - ZIK-
br-F 16, ZIK-br-R 21 (1300 bp); 22 - ZIK-br-F 17, ZIK-br-R 21 (896 bp); 23 - ZIK-br-F 18, ZIK-br-R 21
(295 bp) and 24- ZIK-br-F1, ZIK-br-R1 (281bp) as a positive control. The PCR products were detected
by 1% Agarose Gel electrophoresis, stained with ethidium bromide and observed under ultraviolet light
with the condition of 90 volts for 90 minutes TAE buffer 1%.



Figure 23 — Coverage distribution of P17along side of its genome
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Figure 24 — Normalized coverage distribution of P17 (0 — 1)
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The sample S007 was sequenced even without amplification detectable with
ethidium bromide in agarose. The results unfortunately were not successful, yielding

a short sequence of the virus.

Table 5 summarizes the results obtained during the work presented in this
project. It can be observed the average of coverage, maximum coverage, and the
percent of genome coverage in the case of mapping against a reference genome.
For the De novo assembly the number of contigs, the largest contig, the present of
the desirable target genome when all the contigs were checked by Blast and finally
the numbers of amplicons utilized for amplifying each sample. The sample S was not
successfully mapped to the genome reference used due to the high Ct value,
therefore in the case of the De Novo Assembly resulted a contig with 672 sequences
with the 0 % similarity to our target (ZIKV). As we mentioned before, the sample
S007 unfortunately was not proceeded successfully, neither in the case of mapping
with reference genome, nor in the case of De Novo assembly. Due to the result of the
sample P17-S, we did not proceed with the sample P17-T because the higher Ct

value in comparison with the sample P17-S.

Table 5 — General aspect of all the samples sequenced by lllumina

Sample Ct Collected Medium Covx Max Cov Genome Cov Contigs Largest %ZIKV  Amplicon
Value (%) S
26/04/201
P17-A 19 6 2462 7004 98.45 351 2726 24.8 23
10/05/201
P17-C 23 6 338 977 96.11 122 7842 2.47 23
16/06/201
P17-H 24 6 4188 10832 99.27 562 5038 3.21 23
07/05/201
P17-K 26 6 238 917 95.43 196 6519 3.57 23
P17-S 34 NA NA NA NA 672 2131 0 23
P17-T 33 NA NA NA NA NA NA NA 23
S007 34 1/9/14 NA NA NA 576 2706 0 23
IEC-short 16 10/02/16 3267 28445 99.04 5 10744 40 23

IEC-long 16 10/02/16 3231 21506 98.00 102 1856 98 6
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6. Discussion

Along the whole process from sample to the end there are some factors that
can play a fundamental role and therefore change the final results. We will now

discuss some of them in details.

6.1 Choice of clinical samples.

It is critical to do an early sample collection because usually, the symptoms
appear 4-7 days after the onset with the higher titer of a viral copy in body fluid.
However, following the appearance of symptoms viral load decreases. ZIKV is
detectable in saliva and urine more than in the blood. In urine, viral load is higher
than blood with a peak at around 5 to 7 days but is not detectable for more than 20
days after the clinical onset (72). ZIKV RNA was detectable in nasopharyngeal swabs

while negative in serum (73, 74).

6.2 PCR inhibitors.

The effect of inhibitors in PCR reactions could be considered, especially in
fresh urine, EDTA containing Vacutainers and in amplifications involving a low
amount of viral copy or degraded genome. PCR inhibitors can be divided into two
groups: organic and inorganic. Organic compounds, including bile salts, urea, phenol,
ethanol, polysaccharides, sodium dodecyl sulfate (SDS), humic acids, tannic acid,
melanin, different proteins, such as collagen, myoglobin, hemoglobin, lactoferrin,
immunoglobulin G (IgG), Heparin, also proteinases (75, 76). Sometimes sample
dilution can be a solution to reduce the effect of PCR inhibitors, but not in our case
with a low amount of viral RNA (77, 78). Inorganics (e.g., salts and metals) are less
problematic in virus-containing samples subjected to nucleic acids extraction

protocols we used. However, most of the known inhibitors are organic compounds.
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6.3 Enhancers for better amplifications.

There are some enhancers and additives that can be added to cDNA and PCR
reaction mixes, which increase efficiency and sensibility, improving the enzymatic
activity of both, reverse transcriptase (RT) and DNA polymerase. In the case of an
extremely low amount of viral genome amplification, these can be helpful. For
instance, using 3.5 to 0.1 M of Betaine reduces Tm (melting temperature) facilitating
GC-rich region amplification. BSA (bovine serum albumin) in a concentration of 0.01
Mg/pl to 0.1 pg/ul is useful when attempting to amplify templates that contain PCR
inhibitors, such as melanin. 2-10% of DMSO (dimethyl sulfoxide) reduces secondary
structure and is particularly beneficial for better processing of GC-rich templates. But
when used in concentrations above 10%, it will reduce polymerase activity.
Formamide reduces also secondary structure and GC-rich templates. Non-ionic
detergents such as Tween 20 also stabilize Taq polymerase and may also suppress
the formation of the secondary structure of the concentration of 0.1-1%.

Moreover, choosing which cDNA synthesis kit should be used is also
important. According to our own observation, we got better results when we make
cDNA with the SuperScript Il First-Strand Synthesis System for RT-PCR (Invitrogen)
rather than using High-Capacity cDNA Reverse Transcription Kits (Applied

Biosystem).

6.4 cDNA synthesize

Sometimes just a gene or specific region is subject to be amplified and not the
whole genome. In this case, synthesizing the cDNA with specific reverse primer can
be a solution for low input RNA can be convenient (79). Nested or Semi-nested PCR
also can be favorable for better detection and amplification of low input genomic

material.

Finally, sequencing DNA rather than RNA needs less effort, is less time
consuming and reduces the cost noticeably. Moreover, by the implementation of
these techniques we are allowed to increase the amount of genomic material that

can be sequenced by Sanger sequencing, which is still routinely used especially in
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the case of specific genes, genotyping, detection of SNV (single nucleotide variation),
biological amplification by culture and cloning. Furthermore, it can be useful for the
confirmation of PCR positive material, determine the source of an outbreak rapidly,

understanding the molecular evolution of emerging viruses.

7. Future work

We gained experience during this project that was useful for designing a set of
primers for African ZIKV one set for West of Africa and Nigeria and another set for
Central Africa and Uganda. All the primers are available in our laboratory and they
are in the optimization process. Most of the researchers are working with MR766 as
a control or in comparison of African and Asian, which is circulating in Brazil, North
America and recently Cabo Verde. There are some complete sequences of MR766
available in NCBI that are so different. Therefore, it is time to sequence this one and
more African ZIKV in the context of our ongoing comparison of biological properties
between low and high passage MR766 isolates. Further comparisons among ZIKV
will be undertaken as part of the USP-IP-FIOCRUZ project in progress and the
ongoing CNPq project #441105/2016-5.
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APPENDIX A - General profile of samples before and after trimming

A - Per base sequence quality; B — Per sequence quality scores (Average quality per read);
C — Sequence content across all bases (G, C, T and A); D - GC distribution over all
sequences; E — Per base N Content; F - Distribution of sequence lengths over all sequences;

G — Sequence duplicated level; H - % Adapter; | — K-mer content.
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APPENDIX B - Primers Used in Short and Long amplicons

Primers used for short amplicons generation

71

Set Primer Name Sequence 5'-3' Position Amplicon (bp)
1 ZIKbr-F1 GACAGTTCGAGTTTGAAGCGAA 28-49 751
ZIKbr-R2 CTAGTGGAATGGGAGGGGAGC 759-779
2 ZIKbr-F2 TCAATGCTAGGAAGGAGAAGAAGA 389-412 885
ZIKbr-R3 CCTCTGTCCACTAACGTTCTTTTG 1251-1274
3 ZIKbr-F2 TCAATGCTAGGAAGGAGAAGAAGA 389-412 1384
ZIKbr-R4 GTGAACTGCTCCTTCTTGACTC 1752-1773
4 ZIKbr-F3 AGCACAGTGGGATGATTGTTAATG 1415-1438 866
ZIKbr-R5 CTCCAACTGATCCAAAGTCCCAG 2259-2281
5 ZIKbr-F4 GTGTCATACTCCTTGTGTACTGC 1882-1904 919
ZIKbr-R6 GGCAATCTCTGTGGACCTCTC 2781-2801
6 ZIKbr-F5 GGGTCTGAACACAAAGAATGGATC 2400-2423 884
ZIKbr-R7 CCTTTCATTTGGGTCCTGTAGC 3263-3284
7 ZIKbr-F6 ATAACAGCTTTGTCGTGGATGGTG 2876-2899 2076
ZIKbr-R8 CTGACTTTGAATGCCGCTATCAG 3778-3800
8 ZIKbr-F7 GAAGGGTGATCGAGGAATGGT 3401-3421 881
ZIKbr-R9 ATCTCTATATCTGCCTTGGCGAA 4282-4304
9 ZIKbr-F7 GAAGGGTGATCGAGGAATGGT 3401-3421 1408
ZIKbr-R10 ATCAAGTCTCCCTTCACCGCTT 4788-4809
10 ZIKbr-F8 CATTGAAAGAGCAGGTGACATCA 4377-4399 908
ZIKbr-R11 GTTGGAGCTAAGATCACGGTG 5265-5285
11 ZIKbr-F9 GGAGAGAGAGCGAGGAACATC 4918-4938 875
ZIKbr-R12 CTCTGTCTCAAAAGTCTTTCTGCT 5770-5793
12 ZIKbr-F10 ACCTTCACTTCACGTCTACTACAG 5404-5427 897
ZIKbr-R13 CAAAGCACCATCTTCTATCTGTGT 6278-6301
13 ZIKbr-F11 ATACTTGATGGCGAGAGAGTCATT 5910-5934 892
ZIKbr-R14 GAAACACAACAATGAGGACACATG 6779-6802
14 ZIKbr-F12 AGAGTTTGTTCAGATCATGCGG 6403-6424 885
ZIKbr-R15 CTGGGATCAAGTACATGTAGTGC 7266-7288
15 ZIKbr-F13 AGTAGGTCTTCTGGGCTTGATTAC 6885-6908 897
ZIKbr-R16 CTCTTCTCTGCACACCTCGGT 7762-7782
16 ZIKbr-F13 AGTAGGTCTTCTGGGCTTGATTAC 6885-6908 1922
ZIKbr-R17 CAGGAAGAGACCATGCTCATAAC 8785-8807
17 ZIKbr-F14 CATTGATCTTGGATGTGGCAGAG 7896-7918 911
ZIKbr-R17 CAGGAAGAGACCATGCTCATAAC 8785-8807
18 ZIKbr-F15 AGTGAAATATGAGGAGGATGTGGA 8415-8438 859
ZIKbr-R18 CAGTGTCATCTGCATACATCCTTC 9251-9274
19 ZIKbr-F16 AGGGGCAATATTTGAAGAGGAAAA 8895-8918 892
ZIKbr-R19 ACTTCTTCCCAGTTGTCCCATC 9767-9787
20 ZIKbr-F17 CCAAAACAAAGTGGTAAAGGTCCT 9387-9410 896
ZIKbr-R20 CGCACCATGTTGACTGTGTTTT 10262-10283
21 ZIKbr-F17 CCAAAACAAAGTGGTAAAGGTCCT 9387-9410 1285
ZIKbr-R21 CTCTAACCACTAGTCCCTCTTCTG 10649-10672
22 ZIKbr-F18 AGCACCAATCTTAATGTTGTCAGG 10377-10400 295

ZIKbr-R21

CTCTAACCACTAGTCCCTCTTCTG

10649-10672




Primers used for Long amplicons generation

Set Primer Name Sequence 5'-3' Position Amplicon (bp)

1 ZIKbr-F1 GACAGTTCGAGTTTGAAGCGAA 28-49 2773
ZIKbr-R6 GGCAATCTCTGTGGACCTCTC 2781-2801

2 ZIKbr-F2 TCAATGCTAGGAAGGAGAAGAAGA 389-412 2895
ZIKbr-R7 CCTTTCATTTGGGTCCTGTAGC 3263-3284

3 ZIKbr-F3 AGCACAGTGGGATGATTGTTAATG 1415-1438 2385
ZIKbr-R8 CTGACTTTGAATGCCGCTATCAG 3778-3800

4 ZIKbr-F5 GGGTCTGAACACAAAGAATGGATC 2400-2423 2885
ZIKbr-R11 GTTGGAGCTAAGATCACGGTG 5265-5285

5 ZIKbr-F6 ATAACAGCTTTGTCGTGGATGGTG 2876-2899 2917
ZIKbr-R12 CTCTGTCTCAAAAGTCTTTCTGCT 5770-5793

6 ZIKbr-F7 GAAGGGTGATCGAGGAATGGT 3401-3421 2900
ZIKbr-R13 CAAAGCACCATCTTCTATCTGTGT 6278-6301

7 ZIKbr-F8 CATTGAAAGAGCAGGTGACATCA 4377-7399 2911
ZIKbr-R15 CTGGGATCAAGTACATGTAGTGC 7266-7288

8 ZIKbr-F9 GGAGAGAGAGCGAGGAACATC 4918-4938 2864
ZIKbr-R16 CTCTTCTCTGCACACCTCGGT 7762-7782

9 ZIKbr-F10 ACCTTCACTTCACGTCTACTACAG 5404-5427 3403
ZIKbr-R17 CAGGAAGAGACCATGCTCATAAC 8785-8807

10 ZIKbr-F11 ATACTTGATGGCGAGAGAGTCATT 5910-5934 3364
ZIKbr-R18 CAGTGTCATCTGCATACATCCTTC 9251-9274

11 ZIKbr-F12 AGAGTTTGTTCAGATCATGCGG 6403-6424 3384
ZIKbr-R19 ACTTCTTCCCAGTTGTCCCATC 9767-9787

12 ZIKbr-F13 AGTAGGTCTTCTGGGCTTGATTAC 6885-6908 3398
ZIKbr-R20 CGCACCATGTTGACTGTGTTTT 10262-10283

13 ZIKbr-F14 CATTGATCTTGGATGTGGCAGAG 7896-7918 2776
ZIKbr-R21 CTCTAACCACTAGTCCCTCTTCTG 10649-10672

14 ZIKbr-F15 CTGGGATCAAGTACATGTAGTGC 8415-8438 2257
ZIKbr-R21 CTCTAACCACTAGTCCCTCTTCTG 10649-10672

15 ZIKbr-F16 AGGGGCAATATTTGAAGAGGAAAA 8895-8918 1777
ZIKbr-R21 CTCTAACCACTAGTCCCTCTTCTG 10649-10672

16 ZIKbr-F1 GACAGTTCGAGTTTGAAGCGAA 28-49 281
ZIKbr-R1 TCTATTGATGAGACCCAGTGATGG 286-309
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ABSTRACT

Background: Chikungunya virus (CHIEV) is a re-emerging arbovirus that is causing outbreaks in several coun-
iries of the Americas. The virus was introduced in Brazil in 2014, and since then, several Brazilian states have
notified autochthonous cases.

Ohjectives: Provide additional evidence on a CHIEV outbreak and an outline of the labaratory and clinical profile
of symptomatic patients in Sergipe, Brazil.

Study design: In February 2016, we collected 142 serum samples from symptomatie patients for arboviruses in
Sergipe, Brazil. All samples were submitted to gRT-PCR for the emerging arboviruses ci rc'ulatmg in Brazil - ZIKV,
CHIKY, and DENV - and later submitted to the immuneenzymaltic assay. RNA positl ples were fomly
selected and sequenced for characterization of the genotype involved in the cmlbrl:ak.

Results: Our study had 75.35% (107,142 positivity for CHIKV infection, with all age groups and genera being
equally infected. The virus was identified in 11 of the 13 cities studied in that state, including the ECSA gen-
atype. Impartantly, fever was the only statistically significant symptams for CHIEV infection (p < 0.05), while
asthenia was significantly associated with symptomatic patients that were CHIKV-negative (p = 0.05).
Conclusions: Our findings support the importance of fever as a clinical marker and contribute to molecular and
serological surveillance data, which may help in the understanding of CHIKV circulation, emergence and clinical
description.

1. Background

C-E3-E2-6K-El-poly(A)-3' [2], CHIKV is classified into three genotypes
based on its genetic diversity and the initial geographical distribution of

Chikungunya virus (CHIKV: Togaviridee: Alphavirus) is a mosquito-
borne alphavirus mainly transmitted in urban and peri-urban areas by
Aedes mosquitoes |1 Tt was first described during a “dengue-like”
outhreak in Tanzania between 1952 and 1953 [3]. In 2005, CHIKV
caused a remarkable outbreak in La Réunion, a Madagascar island, with
more than a third of its population testing positive for the infection [4].
The virus then spread across Asia, Europe, Pacific islands and the
Americas, causing large outbreaks [2,5-581,

CHIKV genome is made of a single-stranded, positive-sense RNA of
approximately 12 kb, which contains two open reading frames (ORFs)
encoding for non-structural and structural proteins, respectively, all of
which are arranged as a 5'-cap-nsP1-nsP2-nsP3-nsP4-(junction-region)-

its lineages that include West African, Asian, and East-Central-South-
Africa (ECSA) genotypes [1].

CHIKV causes a self-limiting disease characterized by fever, asth-
enia, arthralgia, myalgia, headache and rash [1]. The acute phase of
infection lasts one week and is characterized by the onset of fever and
high viral loads. After the end of viremia, IgM becomes detectable,
followed by severe myalgias and arthralgias [1). The symptoms dis-
appear over a period of time ranging from days 1o years [10,111].

The first autochthonous transmission of CHIKV in Brazil was de-
scribed on 13 of September 2014, in the north region of Brazil caused
by Asian genotype, and seven days later, autochthonous cases of ECSA
genotype was confirmed in the Northeast of Brazil [12]. In the
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following vears, the ECSA genotype continued to be identified in the
Northeast, as well as in the Southeast region of Brazil [12-14]. In
Brazil, CHIKV was associated with severe and fatal cases [15,16],
posing not only a major threat to public health but alse, a serious
economic burden due to the prolonged disability and high medical costs
imposed. Moreover, this situation is made worse by the lack of available
treatments and/or vaccines against this virus,

2. Objectives

The present study aimed to provide additional evidence on a CHIKV
outbreak and an outline of the laboratory and clinical profile of
symptomatic patients during an outbreak in the state of Sergipe, Brazil.
This state is located in northeastern Brazil, a region considered endemic
for dengue virus (DENV) and zika virus (ZIKV) in previous years [17].

3. Study design
3.1. Study location

The state of Sergipe is located in the Northeast Region and is sur-
rounded by the Atlantic Ocean to the east and adjoins the states of
Bahia to the west and south, and Alagoas to the north (Fig. 1), [tis the
smallest State in Brazil, oceupying a total area of 21 915,116 km?, and
has an estimated population of 2,068,017 inhabitants. The climate is
characterized as tropical in the coastal region, and also as semi-arid and
tropical savannah in the western region of the state.

A ' B

~—=Sergipe Stale
Brazil

Sergipe
1 - Aracajd
2 - Barra dos coqueiros
3 - Campo do Brito
4 - Carira
5 - Frei Paulo
6 - Itabaiana
7 - Macambira
8 - Malhador
9 - Moita Bonita
10 - Pinhao
11 - Salgado
12 - S&o Cristovao
13 - Séo Domingos
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3.2, Ethical statement

The samples analyzed in this study were collected during an on-
going project for arbovirus research in Sergipe, Brazil approved by the
Ethics Committee of the Department of Mierobiology of the Institute of
Biomedical Sciences of the University of Sao Paulo (Protocol 1284/
CEPSH - CAAE: 54937216.5.0000.5467). All participating subjects
were asked to sign an informed consent and were subjected to a ques-
tionnaire that asked about clinical symptoms and socio-demographic
information after their aceeptance to participate in the study.

3.3. Patients

This was an observational cross-sectional study. Tt was conducted
with sera samples obtained from 142 patients with symptoms of acute
disease presenting an “arbovirus-like” infection. Samples were collected
in February 2016 in Sergipe state, Brazil. All patients were attended at
basic health units in Sergipe. All samples were kept in storage at
—80 °C until processing.

3.4. Molecular characterization

Mucleic acid extraction was performed using the QlAamp Viral RNA
Mini Kit {Qiagen, Valencia, CA, USA) and carried out according to the
manufacturer’s instructions. Molecular detection of DENV, CHIKY, and
ZIKV was performed with the use of the Quantitative RT-PCR
ReadyMix™ reagents (Sigma-Aldrich, St. Louis, MO, USA). Primers/
probes used for these viruses were previously described for DENV [18],
ZIKV [19] and for CHIKV [20]. gRT-PCR reactions consisted of a step of
reverse transcription at 44 °C for 30 min of the enzyme activation at

4
10 3 9
8
LA
3
13 2
1
n 2
N
w* E
s
30 km
20 mi

Fig. 1. Map of the state of Sergipe and its localization in Brazil with the origin location of all patients,
LAY Map with the location of the state of Sergipe In the Brazilian territory. (B) The state of Sergipe s located in the Northeast Reglon and is bounded by the Atlantic Ocean o the east and

ihe states of Bahia to the west and south, and Alageas 1o the north,
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Fig. 2. Threshold cyele according to days of symptems in positive paticnts.

The inftial phase of infection had low dispersion and low Cr values, with an inerease [ both paramseter values for Ctand dispersion, during later stages of viremia. Boxplots represent the
Thch percentile, median, 35ih pereentile and the whiskers extend 1o the highest and lowest value in the 1.5x interquartile range.

94 °C for 2 min, and 40 cycles at 94 °C for 15 s and 60 °C for 1 min for
hybridization and extension with the use of ABI?500 equipment
{Thermo Fisher Scientific, Waltham, MA, USA).

3.5, Serological characterization

Sera samples were evaluated with a commercial semi-quantitative
ELISA kit (enzyme-linked immunosorbent assay), which detects anti-
CHIKV IgM and IgG antibodies. All procedures were carried out ac-
cording to the manufacturer’s instructions (Eurcimmun, Lubeck,
Germany). Briefly, sera were diluted 1:101 in sample buffer and in-
cubated at 37 °C for 60 min in a microplate well; a calibrator, positive
and negative controls, provided by the manufacturer, was used. The
optical density (0.D.) was measured in an Epoch Microplate
Spectrophotometer (BioTek, Vermont, USA) and the results were cal-
culated according to the manufacturer's instructions. Values < 0.8 were
regarded as negative, =0.8 to < 1.1 as borderline, and =1.1 as posi-
tive.

3.6, Phylogenetic characterization

To determine circulating CHIKV genotypes, positive samples were
subjected to a reverse transcription reaction with High-Capacity cDNA
Reverse Transcription Kits (Applied Biosystem, Foster City, CA, USA)
following the manufacturers recommendations. The Invitrogen pro-
tocol for PCR amplification was executed with minor modifications.
Briefly, reactions were conducted in 22yl total containing 2 pl. CHIKV
€DNA, 1L each (10 M) forward and reverse primers previously de-
seribed [21], 0.3 pL (5 U/pL) Platinum Tag DNA Polymerase High Fi-
delity (Invitrogen, Carlsbad, CA, USA), 2.5pL 10x PCR Buffer
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(reaching a final concentration of 1.13 x per reaction), 1 pL (50 mM)
MgS80,, 1 pL (10 mM] dNTPs, and 13.2 pL nuclease-free water. Ampli-
fication was carried out as follows: 94 °C for 3 min, followed by 40
cyeles at 94 °C for 15 s, 56 °C for 30 s, and 68 "C for 4 min, followed by
a final extension at 68 *C for 10 min.

Sequencing reactions were performed with the BigDve terminator
v.3.1 eyele sequencing kit (Applied Biosystems) using specific primer
pairs in the Genetic analyzer automated sequencer “Applied Biosystems
PRISM™ 3130x1 (Applied Biosystems). Chromatograms were analyzed
with CodonCode Aligner 3.7.1 (Sequence Assembly and Alignment
Software — CodonCode Carporation) with a Phred quality score of 20 as
the cut-off for trimming of low-quality sequences. Sequences were
aligned using Clustal X2 [22] and the alignment was manually edited
using AliView |[23]. Viral phylogenies based on the partial E1-3'NTR
region were estimated using Maximum Likelihood (ML) considering the
nucleotide substitution model general time-reversible with gamma-
distributed rate variation (GTR + G) and 10,000 replicates im-
plemented in FastTree 2 [24]. The final tree was then visualized and
plotted using FigTree v.1.4.2 (http://tree.bio.ed.ac.uk).

3.7 Data analysis

The available information from the patient’s medical records was
analyzed together with the molecular and serological data. Statistical
analysis was performed using the online contingency fable analysis
from the GraphPad Prism website assuming a two-tailed Fisher’s exact
test. Statistical significance was assessed, considering 95% confidence
intervals, and p values below (.05,
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Table 1
Malecular and serobogical markers (viral RNA, IgM and [gG] against CHIKV in Sergipe-
Brazil, February 2016 (n = 142}

Jornal af Clinical Viralogy 97 (200 7) 4449

Table 3
Comparison of total cases (n = 142) with positive cases far CHIKV infection (n = 107) in
the samipled cities of Sergipe Brazil.

Markers Positive (n = 107) Negative (n = 35) Loeation Cases (n = 142) Positive cases (n = 107)
Viral RNA 91 i Aracaji &4 a4
IgM 16 o Barra dos cogueiros 1 1
IzG [ 0 Campao do Brito B 7
1M and IgG 6 a Carira 2 1
Frei Paulo 3 3
Itabaiana 17 13
4. Results Macambira 4 4
‘Malhador 4 3
. Moita Bonita 11 11
The CHIKV prevalence in the samples was 75.35% (107/142) con- Pinhio 19 15
sidering the results of gRT-PCR and/or IgM-ELISA. 64.1% (91/142) of Salgade 1 o
the patients were positive for viral RNA, with low dispersion and Ct §40-Gristovho 3 o
(threshold cycle) values at the heginning of infection, with an increase _T_Z”T;‘““‘“S‘“ f o ]50?

in both parameters in the cases with longer periods after the onset of
symptoms (Fig. 2). Moreover, 11.3% (16/142) were only positive for
IgM in the whole cohort (Table 1), There were no statistically sig-
nificant differences between the ages and sexes of the CHIKV paositive
individuals, but the majority of samples were of female patients, 61.7%
{66/107), and in general patients were between 15-30 vears old. 44.9%
{4B/107) (Table 2). We found CHIKV circulation in eleven out of
thirteen cities in Sergipe, shown in Table 3. Symptomatic patients had
statistically significant (p < 0.05) association with both fever and
asthenia. Importantly, fever associated with CHIKV-positive cases,
while asthenia associated with CHIKV-negative cases. However, re-
ported symptoms such as joint pain, hemorrhagic signs, headache, rash,
signs of meningoencephalitis, itching, retro-orbital pain, abdominal
pain, myalgia, and vomiting had no significant association with acute
CHIKV infection.

Serological results showed that 4.2% (6/142) patients were 136G
positive, and all of them were also TeM positive (Table 1). No DENV or
ZIKV genomic RNA was detected in all sera samples,

A phylogenetic tree, including sequences from Sergipe and re-
presentative sequences for all the known genotypes, indicated that the
Sergipe sequences belonged to a monophyletic group, characterized as
ECSA and were related to sequences isolated in previous years in
Northeast region of Brazil between 2014-2016 (Fig. 3).

5. Discussion

Here we present clinical, serological and molecular data showing a
high prevalence of CHIKV genotype ECSA in symptomatic patients from
a susceptible population spread over a considerable geographical region
of Sergipe. CHIKV was first identified in Brazil in September 2014, with
two distinet introductions, one in Oiapoque-Amapa in the North Region
caused by the Asian genotype, and another in Feira de Santana-Bahia in
the Northeast region of Brazil, caused by the ECSA genotype [12]. In
2015, the Northeast region of Brazil was hit by a large outbreak caused
by the ZIKV associated with the co-circulation of the CHIKV and DENV
[137, with cases of co-infections [25].

The State of Sergipe is located in a region with intense DENV [26]
and ZIKV [17] circulation in previous years, due to the presence of
Aedes aegypti, which is the main vector responsible for the eirculation of
these viruses in the urban settings [27,28]. In this study, we highlight a
high positivity of CHIKV genomic RNA detection in symptomatic pa-
tients in the state of Sergipe during the summer of 2016. This was the
first study that showed the circulation of the virus in susceptible po-
pulation in Sergipe. Moreover, it revealed that the virus was widely
distributed in that State, being identified in 11 of the 13 cities sampled.

Table 2

Compartson of individuals with CHIKV infection (viral BNA and/or 1gM} with individuals without CHIEV infection in Sergipe-Brazil (n = 142).
Positive (n = 107) Negative (n = 35) P value*
n i n L]

Sex

Female G 617 21 [e] 1.0

Age groups (years)

0-15 4 37 2 57 0.64
= 15-30 48 44.9 16 5.7 1.0
= 3045 28 26.2 B 229 0.82
= 45-60 21 19.6 7 20 1.0
= G0 G 56 2 57 1.0

Clinical manifestations

Fever 7 66.4 7 20 < (0001

Msthenia 36 33.6 19 54.3 0.04

Joint pain S8 916 30 B57 033

Hemarrhagic Signs & 56 0 1] 0.33

Headache 23 86.9 23 943 0.36

Abdominal pain 11 10.3 & 171 0.37

Rash i | 29 ¥ 20 038

Signs of Meningoencephalitis 1 09 1 29 043

ltching 23 21.4 1o 286 0.49

Retro-orbital pain 30 28 12 343 0.52

Vomiting 20 18.7 5 143 0.62

Myalgia 74 692 25 T4 1.0

*Fisher's exact test.
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Fig. 3. Maximum likelihood phylogeny of CHIKY partial EI-3'NTR reglon sequences.

’<:IWest African Genotype

1 ﬁ Asian Genotype

HMO45808_CD_1960
HIM045752_24 1958

HMO45785_2A_1976

HMO45821_SN_1983

HMO45805_IN_1986

ECSA - Indian Ocean Lineage
HMO45822_CF_1878

HMO45812_UG_1982

HMO45784_CF 1934

HM045823_AD_1962

KP164569_BREA 2014

KP1B45T0_BREA 2014

KP164568 BRBA_2014
KU940225 BRBA 2015
KY055011_BRSE 2016

SERGIPE 23 2016 @

SERGIFE 01 2016 @

SERGIPE_08_2016 @

SERGIPE 21 2016 @

SERGIPE 30 2016 ¢

The datasat consist in 36 CHIKV sequences with: West African genotype (n = 5), Asian genatype (n = 7), ECSA genatype (n = 19) and the sequences generated in this etudy (n = 5 All
sequences used are Iabeled in the format: accession number/country /year of isolation. Bootstrap scores are shown next to well-supported nodes and the phylogeny was midpoint rooted.
The Brazilian sequences belonging to the ECSA genotype are highlighted in blue, and the sequences characterized in the present study from Sergipe-2016 are highlighted with the dot in

black color,

It is noteworthy that CHIKV virus caused a major outbreak in
Salvador, capital of the State of Bahia at the end of 20152016, and
apparently, 16.7% of symptomatically infected patients were PCR po-
sitive [29]. Moreover, in a seroepidemiological study carried out in the
district of Chapada-Bahia, IgM and IgG antibodies were detected in
200 of the sampled individuals, indicating that virus had already
spread in that region [30].

The absence of association of infection with the age and gender was
characteristic of emerging viruses spreading among an immune-naive
population [12]. Our findings agree with those of Cunha et al, [30],
which reported fever among seroconverters in Brazil. Nevertheless, we
further observed that fever was the symptom associated with the acute,
initial phase of infection, which was also comsistently reported by
previous studies in other countries [31,32], Recent studies suggest that
during the beginning of the infection, there are differences in gene
expression, of several pathways involved in the biosynthesis of mole-
cules related to antiviral responses (e.g., immunological, inflammation,
energy deprivation, and joint pain), correlating with symptoms shown
at the acute phase of infection [32.33].

Taken together, symptoms that are collectively associated with
CHIKV infections were present in the majority of our cases. Crucially,
only fever was statistically associated with the infection, while symp-
toms such as joint pain (98/107), headaches (93/107) and myalgia (74/
107) did not show statistical significance. We argue that another agent
causing asthenia was co-circulating with CHIKY in these localities.

The phylogenetic characterization of the sequences from the state of
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Sergipe indicated that they were closely related, given the high boot-
strap support, to other isolates characterized during previous years in
the Northeast region of Brazil [ 12,2528 34]. These results showed that
the ECSA genotype is an important genotype associated with the
emergence and persistence of the cases of Chikungunya fever in this
region of Brazil. Specific and sensitive laboratorial diagnostic of dif-
ferent arboviruses is a goal w be achieved. Nevertheless, it is important
to account for clinical signs and symptoms as relevant in helping the
attending physician to choose among diagnostic tools (12,321,
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Abstract.

Seasonal outbreaks of Dengue often result in hundreds of dengue-suspected cases
where a clinical diagnosis cannot be confirmed. Usually, during large outbreaks of
Dengue and other pathogens that can cause acute-febrile illnesses, the search for
secondary pathogens with similar disease outcomes is rare. Using Total RNA sequencing,
we discovered a eryptic outbreak of Parvovirus B19 in dengue-suspected patients that
occurred from November 2013 to February 2014, Of the 182 cases investigated, 63%
were viremic for the B19 virus. Moreover, we found that over 43% of infected patients
had no serological evidence of prior infection. Parvovirus B19 is a typical childhood
infection, yet we observed that 82% of the infected patients were adults. Additionally, we
perceived that infected adults had significantly higher presentations of myalgia than in
children. We also obtained VP1/VP2 gene nucleotide sequences from 43 patients. Our
results support the utility of next generation sequencing for symptomatic patients with
unknown etiologies during seasonal outbreaks of Dengue and other arborviruses, Our
findings could improve the vigilance of hospitals and laboratories by raising awareness to

co-circulating pathogens like Parvovirus B19 that may be hidden in plain sight.

Introduction
National passive surveillance systems generally rely on weekly clinical reports to
administrators from a large network of hospitals and laboratories [ 1]. However, high

costs, poor clinical diagnostic accuracy, and general underreporting can limit their
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Introduction

National passive surveillance systems generally rely on weekly clinical reports to
administrators from a large network of hospitals and laboratories [ 1]. However, high
costs, poor clinical diagnostic accuracy, and general underreporting can limit their
effectiveness. As an example, a previous study found that for every 20 dengue patients,
only 1 had been reported to Brazils Notifiable Diseases Information System (SINAN) as
having dengue [2]. Most Dengue diagnoses are made on clinical and epidemiological
grounds where mildly symptomatic and non-specific febrile cases are often discarded [2-
4].

Few epidemiological studies have investigated or assessed the simultaneous
occurrence of different pathogens with similar disease outcome [5-8]. In this case,
passive surveillance underestimates Dengue’s true rate of infection and ignores the
possibility of infection from related viruses i.e., Mayaro, Saint-Louis encephalitis or Zika,
but also for distantly related viruses such as Parvovirus B19 (B19V) [5.9.10]. B19V
infections have been associated with both mild (asymptomatic, Fifth disease, febrile non-
specific flu-like illness, rash) and severe (chronic arthralgia, transient aplastic crisis,
anemia, hepatitis, myocarditis, and autoimmune syndromes) clinical manifestations [11].

Acute parvovirus B19 infections are characterized by two phases of disease. The
first phase of illness consists of a prodromal non-specific febrile illness that can present
with fever, myalgia, headache, and chills [12,13], which is a similar disease outcome in
Dengue-infected patients [ 14]. However, the Parvovirus B 19 disease is usually associated
with and clinically diagnosed by the second phase of the illness, which may include the

hallmark presentations of erythema infectiosum (i.e., Fifth disease), various cutaneous
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and popular rashes, and arthralgia (joint pain, arthritis) [13]. Generally, B19 disecase is an
asymptomatic or mild pediatric illness with far fewer diagnosed cases in adults; previous
childhood infections are thought to provide life-long immunity. However, infections in
immunosuppressed individuals and patients with other medical complications can be
susceptible to a range of severe disease manifestations and relapsing B19V infections
[15,16]. The spread and infection of B19V can occur through respiratory secretions,
blood-derived products, vertically (from mother to child) and nosocomial transmission
[17-21].

Here, we investigated dengue-suspected cases and report the cryptic outhreak of
Human Parvovirus B19 during a dengue virus outbreak in Guarujd, a touristic city
embedded in Brazil’s South- Atlantic rainforest and disposed to seasonal dengue
outbreaks [22-24]. Guaruj4 is adjacent to Santos, the largest seaport in Brazil with
intense daily commuting with the city of Sdo Paulo, the largest conurbation in South
America. We found that 63.2% of patients were viremic for B19V and many had clinical
outcomes indistinguishable to dengue fever. It was previously unknown that B19V was
compromising dengue diagnostics and our findings provide a warning that there may be
other, more severe pathogens could be missed if passive surveillance systems remain as

they are.

Results
RNA Sequencing of Pooled Serum Samples
From November 2013 to February 2014 during a dengue outbreak, 182 serum

samples were collected from patients who visited the city’s public health clinics with
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symptoms of an acute febrile illness, with some (34.2%) diagnosed with dengue fever but
many were undiagnosed. We found that in all these cases, there was no evidence for
DENY infection or any other nationally prevalent arboviruses such as Zika virus,
Chikungunya virus, Mayaro virus or Yellow Fever virus. From here, samples were
grouped into 24 pools and were subjected to total RNA sequencing to screen for other
viruses with a similar disease outcome to Dengue. Using reads from individual pools, we
were able to de novo assemble a complete or nearly complete Parvovirus B19 genome
from 10 of the 24 pools (see Supplementary Figure 1). Albeit at a lower frequency, we
also found sequences from GB virus C, Hepatitis C virus, Hepatitis A virus, and many

different groups of phages and retroviruses (see Supplementary Material).

PCR amplification of Parvovirus B19

Once we identified B19V we designed specific primers for the VP1/VP2 region of
BI19V. Of the 182 patients, 115 (63.2%) were PCR positive for the B19 virus (Table 1).
The median age of these patients was 27, In fact, nearly 60% of the patients were
between 18 and 39 years of age.

From the patients where DNA was amplified by PCR, eight were also positive for
the B19V IgM antibody. Only four samples were PCR negative and IgM positive. A total
of 50 patients (27.5%) with B19V DNA were negative for both BI9V IgM and IgG,
suggesting a first time exposure. Additionally, 47 (25.8%) patients were PCR positive,
IgM negative and IgG positive, which is a serological profile that has been associated to a
prior, persistent or a reoccurring infection [25-28]. Only 23 patients (12.6%) were

negative for all three diagnostic assays for B19V.,
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As contaminations have been reported as a problem for B19V diagnostics, we
took precautions to ensure the reliability of our results. For each sample, PCR assays
were performed in duplicate and on separate days to avoid false-positive DNA
amplifications. Prior to and upon completion of both assays, we sterilized all materials
and used new reagents as well as PCR specific negative controls for each PCR run and
associated gel. We also tested 35 serological samples of febrile patients from another
Brazilian state, Sergipe, that were suspected of Chikungunya [29], but were found
negative for both B19V PCR and 1gM antibodies.

We then retrieved the patient’s date of attendance at a public clinic from 111 of
the 115 patients positive for B19V DNA. Cases ranged from November 4", 2013 to
February 25", 2014. We mapped the B19V positive patient’s date of attendance by week
to discover whether was the time where case incidence was highest (Figure 1A). Peak
incidence occurred during the week of November 10", 2013. We also obtained the
addresses for 68 of the PCR positive patients and mapped the distribution of cases around
the city (Figure 1C). We found that the majority of cases were in the Santo Ant6nio
district where the main administrative, mass transportation and commercial facilities are
located. Highly populated districts as Morrinhos (6 cases), Enseada (7 cases) and Vila

Zilda (7 cases) also had a large proportion of localized cases.

Clinical presentations of B19 positive patients
For 70 patients, we were able to retrieve a more detailed medical record with a
range of incomplete information including symptoms, hematology, complications.

diagnoses, and drug recommendations. Several medical records were discarded because
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they were either lacking data or were completely illegible. However, all patients included
in our study presented one or more dengue-like symptom(s), but not all medical records
included patient’s symptoms during their attendance (see footnote of Table 1).
Nevertheless, we annotated the symptoms and complications presented from 56 patients
who were also viremic for B19V during their clinical attendance (Table 2 and Table 3).
Fever (70%), myalgia (61%) and headaches (43%) were the most prevalent clinical
presentations in patients. Only 12 of these patients (21%) had presentations of arthralgia
(6 patients) or rash (6 patients). Eight patients (14.3%) described retro-orbital pain at
their attendance, a symptom to the best of our knowledge that has no current association
with acute or persistent parvovirus B19 infection.

We also obtained data from patients with complications such as vomiting and
diarrhea. Additionally, 25 medical records included patient platelet count information that
helped us determine the prevalence of thrombocytopenia (platelets < 150,000/mm?) in
viremic patients. In total. 15 patients (60%) presented with thrombocytopenia during their
clinical attendance.

Because people can be persistently infected by B19V, the sole existence of B19V
DNA in a patient’s serum can be misleading for a clinical diagnosis of an acute infection
without any supporting clinical information, especially if paired sampling or a
quantitative PCR or ELISA analysis were not done [30-33]. The presence of the BI9V
IgM antibody is a strong indicator of an acute infection [34,35]. Therefore, we looked to
see if these patients presented different symptoms in relation to their serological profile
(Table 2) by analyzing the occurrence of patient symptoms and clinical complications

with their serology. Only two patients with a detailed medical record were IgM positive.
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Nevertheless, 22 patients (with medical records) were IgM negative and IgG positive,
which could indicate a persistent or reoccurring infection [34,36,37]. The other 24
patients (with medical records) were negative for both antibodies, suggesting a first-time
and recent infection. Given that 50.4% of our (PCR only or PCR and IgM positive)
patients appeared to be acutely infected it is fair to assume that we sampled from an
ongoing B19V outbreak. We did not find any significant differences between serological
profiles and clinical presentations.

Next we compared clinical presentations by the age and sex of the patient (Table
3). We grouped patients by those who were 5-17 years of age (children) and those who
were over 18 (adults) at the time of their attendance. Notably, we found that the
prevalence of myalgia was significantly higher in adult patients compared to younger
patients (Fisher’s exact test, p-value = 0.02). Likewise, we also observed that only adults
presented with symptoms of arthralgia, odynophagia (difficulty swallowing), and
diarrhea. In disagreement to some previous works [38,39], we did not see any significant
differences in symptoms between men and women. However, we did find that only men

reported having diarrhea at their clinical attendance (Fisher’s exact test, p-value = 0.02).

Phylogeny of Parvovirus B19Y

To explore the genetic diversity of BI9V in Guaruji, we amplified a small region
(sequences ranged from 427 to 560 nucleotides in length) of the VP1/VP2 gene that has
been used for genotyping in other works [40,41]. We then aligned our sequences
(Genbank accession numbers: MG765329-MG765371) with all publically available

B19V sequences with the country of isolation and collection date available from
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Genbank. Our phylogenetic estimation showed that our sequences (orange tips) are most
similar to the BI9V Genotype 1 sequences (Figure 2). It is possible that there was more
than one emergence of B19V in Guarujd. Our sequences were genetically similar to two
sequenced isolates from the city of Sdo Paulo: one from 2010 (Genbank accession:
KC013305) and one from 2009 (Genbank accession: KC013344). We also indicated
(violet tips) all published Brazilian and non-Brazilian sequences (light blue tips) of
B19V, which are widely spread across Genotype 1 and Genotype 3B. Genotype 2

sequences from Brazil are only available for the NS1 gene.

Discussion

In this study, we retrospectively studied dengue-suspected cases and found a large
prevalence (63.2%) of B19V in patient’s serum. Despite several seroprevalence studies
[42,43] and some sporadic cases in the state of Rio de Janeiro [44], the public attention
for Parvovirus B19 in Brazil is limited. To our knowledge, B19V is rarely tested for or
even diagnosed in public health centers. Moreover, its febrile prodromal disease (i.e.. pre-
rash and pre-arthritis symptoms) is often mistaken for more prevalent pathogens such as
dengue.

Dengue infections occur all year round in Brazil, but explosive outbreaks tend to
happen during the summer months of November to April [22-24]. A high number of
dengue cases lead to clinical diagnoses based on epidemiological grounds, which we
showed here can lead to cryptic outbreaks of pathogens with similar disease outcomes.
We found that during the 2013/2014 B19V outbreak in Guarujd. infections peaked in the

late spring and early summer months of November through January (Figure 1), which



202

203

209

210

211

212

213

214

215

216

217

221

222

223

224

agreed with other reports of erythema infectiosum outbreaks [35.39.45-47], and occurred
in a similar time frame of locally reported dengue outbreaks [22,24]. Furthermore,
clinical and hematological manifestations of B19V infected patients were also found to
be similar to classical dengue disease presentations like fever, headache, myalgia, and
retro-orbital pain [14]. This is especially true for the eight patients who presented with
retro-orbital pain—a symptom that has no known association with the Parvovirus B19
disease—and with thrombocytopenia, a common feature and diagnostic marker of
dengue.

Since Parvovirus B19’s discovery, diagnostic methods for detecting acute
infections in serum have involved electron microscopy, direct DNA hybridization,
antigen enzyme-linked immunosorbent assays (ELISA) i.e. detection of IgM, IgG. IgA,
and NS1-specific antibodies, PCR and hemagglutination [36,47-57]. Detection of B19V
DINA in serum is circumstantial evidence for an infection, but cannot alone determine
whether the viremia in question is acute or persistent because of its prolonged presence
after infection [34,58]. The lack of any IgM or IgG antibodies in 50 symptomatic cases
could be a strong indication for a first time infection, which is surprising since the
majority of patients were adults and B19V exposure typically happens during childhood
|59]. Moreover, we only detected 1gM antibodies in 12 cases, which is much less than the
number of PCR positive cases. In these cases, it is possible that the majority of patients
were attended very early in their illness and before their IgM antibody response could be
detected [13,21].

We also found 47 symptomatic patients who were PCR and 1gG positive, but IgM

negative. We are aware of four explanations that could account for this: /) an acute
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93



235

236

237

238

239

240

241

242

243

244

245

246

247

infection where the patient could not elicit an IgM response, ii) a prolonged acute
infection that lingered after the disappearance of IgM antibodies and was not completely
neutralized by IgG [13], iif) a persistent infection where a secondary viral reactivation or
relapsing infection led to secondary clinical manifestations [25-28], and iv) the presence
of low levels of BI9V DNA from a previous infection that have no correlation to the
current clinical manifestations [34]. Even with clinical records for some patients, we were
uncertain how to determine which of the above-mentioned possibilities were most likely.

None of the patients in this study were pregnant or younger than 5 years of age.
However, it is of high concern that B19V infections in pregnant women are linked to
hydrops fetalis (i.e., fluid collects in two or more fetal compartments), miscarriages,
microcephaly, hydrocephalus, contractures, and intracranial and hepatic calcification
[19,60]. Nevertheless, few studies have investigated the prevalence of B19V in babies
with birth defects suspected of ZIK'V congenital syndrome in Brazil [61,62]. This is
especially worrisome as congenital infections of ZIKV and B 19V can both cause hydrops
fetalis and microcephaly [19,60,63,64]. Furthermore, Brazil harbors all three genotypes
of Erythroparvovirus, as well as recombinant variants, attesting to the large endemic
diversity within the country and abundant case studies of severe complications associated
with the virus (Figure 2) [40.41,65].

Next generation sequencing approaches have led to better awareness and
detection of several pathogens; its success in accomplishing this has been demonstrated
over the last decade [5,66-68]. In this case, it allowed us to discover what underlying
etiological agents were behind a large number of sick patients. This outbreak served as an

example that current passive surveillance measures could be vulnerable to missing a mild
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pathogen like B19V, which in turn, also raises concerns that we could be overlooking
more severe pathogens too. Here, we found high amounts of B19V in dengue-suspected
patients where no diagnosis could be previously confirmed. Significantly, we found that
despite a negative DENV diagnosis, 34% of patients with medical records were still
clinical diagnosed for dengue (Table 1). In one case, an official case notification for
dengue without any diagnostic evidence was found on the patient’s medical record. This
further illustrates that even known viruses could circulate camouflaged underneath
diagnostic detection. Although relatively expensive, we advocate for the situational use
of NGS for symptomatic but negatively diagnosed patients during large seasonal
outbreaks of dengue or other febrile illnesses. Our findings provide an example that a
medically important virus like Parvovirus B19 can be neglected by passive surveillance
systems during a dengue outbreak. Crucially, it demands greater attention in surveillance

systems to viruses showing similar clinical presentations.

Materials and Methods

Study site. The coastal city of Guarujd (23°59'37"S 46°15'23"W) is located in the
southeastern region of the state of Sdo Paulo, Brazil (Figure 1B). The city is surrounded
by a tropical rain forest that results in the city’s high humidity, precipitation, and
temperature. Annual temperatures average at 24.7 °C, with a minimum of 18 °C and a
maximum of 31.3 °C. Precipitation is highest during the summer in the month of
February (average rainfall of 413 mm) and lowest during the winter in the month of
August (average rainfall of 156 mm). Annual rainfall is ~3,400 mm. The estimated

population in 2013 was 306,683 and the human population density was ~2,000
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inhabitants per km?. The city’s main economic sources are acquired through the

commercial use of its seaports and from tourism during the summer months.

Sample collection. Samples were collected from November 10™, 2013, to February 25"
of 2014. We collected 182 serum samples from patients who showed signs of acute-
febrile illness, but tested negative for all dengue-specific ELISA and PCR assays.
Patients of any age with symptoms and clinical signs of dengue disease were examined in
Primary Health or Emergency Care Units. Patients were included who presented with the
following symptoms and complications: fever, joint-pain (arthralgia), headache, rash,
retro-orbital pain, muscle pain (myalgia), difficulty swallowing (odynophagia), vomiting,

diarrhea, and thrombocytopenia.

Next-generation sequencing. Viral RNA was extracted from the nasopharyngeal
aspirates using the QIAamp Viral RNA Mini Kit (Qiagen; Valencia, CA), and purified
with DNAse I and concentrated using the RNA Clean & ConcentratorTM-5 Kit (Zymo
research; Irvine, CA). The paired-end RNA libraries were constructed and validated
using the TruSeq Stranded Total RNA HT Sample Prep Kit (Illumina; San Diego, CA)
was used to construct and validate paired-end RNA libraries. Sequencing was done at the
Core Facility for Scientific Research — University of Sdo Paulo (CEFAP-USP/GENIAL)
using the Hlumina NextSeq platform. Each sample was barceded individually, which
allowed separation of reads for each patient. Short, unpaired reads/bases, and low-quality
reads were removed using Trimmomatic v0.36 [69]. Paired-end reads (Qphred>33) were

assembled de novo with SPAdes 3.10 using default parameters [70]. Contigs over 500 nts



303

304

305

306

307

308

310

311

312

313

314

315

316

(nucleotides) were searched against the viral nucleotide refseq Genbank repository using

BLAST.

Molecular diagnostic assays for Parvovirus B19. Samples were extracted on the
NUCLISENS easyMag platform (bioMerieux). The eluate, containing RNA and total
DNA, was stored in a {reezer at -70 °C until the time of its use. PCR, followed by a semi-
nested reaction was performed targeting the VP1/VP2 region using primers designed by
Durigon et al., 1996 and Erdman et al., 1993 [71,72]. The two primers used in the PCR
were P12f (nt 4127-4148; 5- CAGCCATACCACCACTGGGACA-3") and P17r (nt
4824-4803; 5'- TTACGCATCCTGGCTGAGGGCA-3"), with a fragment of
approximately 697 base pairs; semi-nested primers were P13f (nt 4214-4237; 5'-
GACAAAGAGTATCAGCAAGGAGTG-3") and P17r (nt 4824-4803; 5
TTACGCATCCTGGCTGAGGGCA-3"), with final product of approximately 610 base
pairs. PCR and the semi-nested reactions were performed using a reaction mixture

containing 5.0 uL of DNA, 5.0uL of PCR buffer reaction 10x concentration (50 mM

Tris-HCl [pH 9.0], 1.0uL of MgClz (50 mM KC1, 20 mM [(NH4);S0O4]), 1.0pL of 2.5

mM of each dNTPs, 1.0uL. of 10pmol of each primer, 0.3pL of SU/uL of tag DNA
polymerase (platinum taq DNA polymerase, Invitrogen, CA, USA) and water, resulting
in a final volume of 50uL. The amplification was performed in a thermocycler with the
following conditions: a cycle of 94 °C for 5 min for the activation of Hf, followed by 40
cycles of denaturation at 94 °C for 30 seconds, Hybridization at 55 °C for 30 seconds and
extension at 72 °C for 45 seconds and finally a final extension cycle at 72 °C for 7

minutes. The semi-nested PCR reaction was performed using the same PCR conditions.
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As control, a well-known sample was used, and DNA/RNAse free water was used as the
negative control. Detection of the PCR/semi-nested amplified product was performed by
2% agarose gel electrophoresis (Life Techonologies corporation) in TAE buffer [0.5x],
stained with 0.5pg/ml ethidium bromide. In 3.0uL of bromophenol blue, 10.0uL of the
sample was mixed and submitted to electrophoresis in a horizontal vessel for 60 minutes

at 100V,

Sanger sequencing. Samples that were found positive for B19V using a semi-nested
PCR were selected for downstream sequencing. Purification of the PCR product was
performed with the ExoSap kit (exonuclease 1 - Amersham Pharmacia Biotech),
according to the manufacturer's instructions. After purification of the semi-nested
product, the amplified VP1/VP2 region using P13#/P17r primers was sequenced using the
"ABI PRISM Dye™ Terminator Cycle Sequencing Ready Reaction kit" ("Big Dye" -
Applied Biosystems, Inc., USA), using 3.0puL of BigDye® Terminator v1.1/3.1
Sequencing Buffer (5X), 1.0uL of Terminator Ready Reaction Mix and 1.0uL of the
primer. The enzymatic extension was performed on GeneAmp PCR System 9700
thermocycler for 25 cycles of 96 °C for 10 seconds for denaturation of template DNA, 50
°C for 10 seconds for primer annealing and 60°C for 4 minutes for extension. The
obtained product was further purified with the X-terminator kit (Applied Biosystems Inc.,
USA) according to the manufacturer's instructions. The purified product was subjected to
POP7 polymer electrophoresis using ABI model 3100 automatic sequencer (Applied

Biosystems, Inc., USA). Sequence reads were assembled, manually inspected and
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trimmed using Geneious version 9.2 [73]. Sequences were submitted to Genbank and can

be found under the accession numbers MG765329-MG765371.

Patient Medical Records. Patient records were retrospectively collected with the kind
aid of the Guarujd Secretary of Health. From the 182 total serum samples collected, only
111 records that included basic patient information were available. Only 70 contained
diagnostic information and 56 contained a physician’s medical records from all Guaruji
public healthcare clinics. Only 25 had usable hematology data. All adult subjects
included in this study provided an informed written consent, and a parent or guardian of

any child participant provided the written informed consent on their behalf.

Phylogenic Analysis.
To infer the phylogenetic relationships of our Parvovirus B19 sequences with
other partial VP1/VP2 genome sequences, we downloaded all available sequences from

Genbank that had country and date of the samples isolation. Sequences were aligned

using Clustal Omega version 1.2.1 (http://www.clustal.org/fomega) and manually curated

by using JalView version 1.18-B8 (http://www.jalview.org/download). A maximum-

likelihood tree was exhaustively estimated in the nucleotide general time-reversible with
gamma-distribution rate variation and invariant sites model. Support for the tree was

accessed after 10,000 nonparametric boostrap replicates with FastTree version 2.1.8 [74].
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106

608  Tables.

609
610 Table 1. The demographics and diagnostics of Parvovirus B19 in Guaruja
Demographics of patients with B19V DNA® Total

Female sex — no. (%) BOATL (59
Median age (range) — yr 27 (6—75)
5-17 ¥r (%) 19/106 (17.9)
18-39 yr (%) 61/106 (57.5)
=40 yr (%) 26/106 (24.5)

Laboratory testing® — no./total (%)

PCR-positive 115/182 (63.2)
PCR-positive and IgM-positive, IgG-negative 8/182 (4.4)
PCR-positive and IgG-positive, IzM-negative 47/182 (25.8)
PCR-positive alone 50/182 (27.5)
IgM-positive alone 4/182(2.2)
IgM-positive and IgG-positive, PCR-negative /182 (0)
IgG-positive alone 257182 (13.7)
PCR-negative, [gM-negative and IgG-negative 23/182 (12.6)

Clinical Diagnosis® — no./total (%)

DENV NS1-specific ELISA test requested 46/70 (65.7)
Differential diagnosis of dengue 24470 (34.2)

611 AFour samples had no gender data, nine had no demographic data

612 “Borderline antibody reaction results were abstained from results

613 *Medical records for 70 patients were available. However, most records either were incomplete or illegible
614  for further analysis.

615

616
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617 Table 2. Serology and clinical presentation in suspected Parvovirus B19 patients
IgM+/1gG+ IgM-/1gG+ IgM-/1gG-
Symptoms No./total no. (%) Total M F Total M 5 Total
Fever 39/56 (69.6) 1 (30) 7(70) 9(75) 16 (73) 9 (69) 9(82) 18 (75)
Arthralgia 6/56 (10.7) 0 2(20) 0 2(9) 1(8) 2(18) 3(13)
Headache 24/56 (42.9) 0 4(40) 5(42) 9(41) 5(38) Ti64) 12 (50)
Generalized Rash 6/56 (10.7) 1 (500 2(20) 0 2(9 0 1(9) 1(4)
Retro-orbital pain 8156 (14.3) 0 1(10) 3(25) 4(18) 3(2%) 0 3(13)
Myalgia 34156 (60.7) 1 (50) 8(80) T(58) 15(68) 6(46) 84(73) 14(58)
Odynophagia 2156 (3.6) 0 0 0 0 0 1(9) 1{4)
Complications
Vomiting 6156 (8.9) 0 1(10) 0 1(4) 2(15) 2(18) 4(17)
Diarthea 5156 (9.3) 0 2(20) 0 209 2(15) 0 2(8)
Thrombocytopenia 1525 (60.0) 1 (50) 1100y 2/5¢40y  3/6(500  2/4 (50)  2/5(40)  4/9 (44)
Total 2 10 12 22 13 11 24
618
619
620 Table 3. Age and sex of patients and their clinical presentations
Age Sex
Symptoms NOJ:‘;:?T o 3-17 >18 p-value® M F p-value®
Fever 30/56 (69.6) 11/13 (B4) 28/43 (65) (.3029 19427 (68) 2028 (71) 1
Arthralgia 6/36 (10.7) 0/13 (0) 6/43 (14) 0.3181 4127 (14) 22R(7) 0.6687
Headache 24/56 (42.9) SA13(38)  19/43(44) 07603  12/27(43) 12/28 (43) i
Generalized Rash 6/56 (10.7) 3/13(23) 3/43(T) 0.13 212747 4/28 (14) 0.6695
Retro-orbital pain 8/56(14.3) 1/13 (8) 7143 (16) 0.6652 527 (18) 328 (11) 0.4688
Myalgia 34/56 (60.7) 413 (31)  30/3(70) 002135 17/27(71) 1728 (61) 1
Odynophagia 2/56 (3.6) /13 (0) 2/43(5) 1 1727% (4) 1/28 (4) 1
Complications
Vomiting 6/536 (8.9) 213(15) 4143 (9) 0.6286 4727 (14) 2728(7) 0.4216
Diarrhea 5/56 (9.3) W13 (D) 5043 (12) .58 527 (18) 0/28 (0) 0.02321
Thromboc yiopenia 15/25 (60.0) 5/9(55)  10/16(63) 1 811 (73) 714 (50) 0.4139
621  *No serological data was available for this patient
622  ~Statistical inferences were performed using Fisher's exact test
623
624
625
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Figure legends.

Figure 1 — The 2013 to 2014 temporal and geographic spread of Parvovirus B19 cases in
the city of Guaruji. A) Weekly sampling of serum samples where Parvovirus B19 DNA
was detected (royal blue) and the proportion of samples that were first-time infections
(purple). B) The geographical location of the coastal city of Guarujd. C) The

geographical distribution of Parvovirus B19 cases in Guaruj4.

Figure 2 — Phylogenetic estimation of the VP1/VP2 Parvovirus B19 gene fragment using
a maximum-likelihood tree, The Shimodaira-Hasegawa bootstrap values greater than
70% are shown at major nodes. Nodes were placed and colored at tree trips to indicate
the origin of sequences. Scale bar (s/s) is represented by substitutions per site. All
sequences from the Guarujd isolates can be found on Genbank under the accession

numbers MG765329-MG765371.

Supplementary Figure 1 - Phylogenetic estimation of the complete or nearly complete

Parvovirus B19 genomes using a radial maximum-likelihood tree. Red node tips indicate

assembled consensus sequences from each pool.
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Supplementary Figure 1 Click here to download Supplemental data/Appendix -published =
online only Supplementary_Figure_1.tif
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