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Abstract

Innate immunity receptors (Toll-like receptors/TLRs and RIG-like receptors/RLRs) are important for the initial recognition
of Zika virus (ZIKV), modulation of protective immune response, and IFN-a and IFN-f production. Immunological mecha-
nisms involved in protection or pathology during ZIKV infection have not yet been determined. In this study, we evaluated
the mRNA expression of innate immune receptors (TLR3, TLR7, TLRS, TLR9, melanoma differentiation-associated protein
5/MDA-5, and retinoic acid inducible gene/RIG-1), its adapter molecules (Myeloid Differentiation Primary Response Gene
88/Myd88, Toll/IL-1 Receptor Domain-Containing Adaptor-Inducing IFN-B/TRIF), and cytokines (IL-6, IL-12, TNF-a,
IFN-a, IFN-f, and IFN-y) in the acute phase of patients infected by ZIKV using real-time PCR in peripheral blood. Patients
with acute ZIKV infection had high expression of TLR3, IFN-a, IFN-f, and IFN-y when compared to healthy controls. In
addition, there was a positive correlation between TLR3 expression compared to IFN-a and IFN-f. Moreover, viral load is
positively correlated with TLRS8, RIG-1, MDA-5, IFN-a, and IFN-f. On the other hand, patients infected by ZIKV showed
reduced expression of RIG-1, TLRS8, Myd88, and TNF-a molecules, which are also involved in antiviral immunity. Similar
expressions of TLR7, TLR9, MDA-5, TRIF, IL-6, and IL-12 were observed between the group of patients infected with
ZIKV and control subjects. Our results indicate that acute infection (up to 5 days after the onset of symptoms) by ZIKV in
patients induces the high mRNA expression of TLR3 correlated to high expression of IFN-y, IFN-a, and IFN-f, even though
the high viral load is correlated to high expression of TLRS, RIG-1, MDA-5, IFN-a, and IFN- in ZIKV patients.
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pauloguedes @cb.ufrn.br The Zika virus (ZIKV) is an arbovirus of the Flaviviridae

family and flavivirus genus. This virus had been historically
restricted to the African and Asian continents, but emerged on
the Yap Islands in the Pacific Ocean in 2007 [1], and later on
the French Polynesia archipelago in 2013 [2], Easter Island,
Chile in 2014 [3], Northeastern Brazil in 2015 [4], thereafter
spreading rapidly to the other regions of the country [5], and
Americas, reaching 48 countries and territories in total [6].
ZIKV infects humans and is estimated that over 80% of indi-
viduals are asymptomatic, while 20% of cases typically exhibit
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mild fever, rash, and joint pain for a period of 7 days [7, 8].
Although most of the time ZIKV infection is asymptomatic,
or only causes self-limiting mild symptoms, there are reports
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of late neurological complications including Guillain—Barré
syndrome [9]. In addition, the congenital transmission may
result in fetuses and neonates with microcephaly or other neu-
rodevelopment disorders [10].

The immune response with IFN-a, IFN-, and IFN-y pro-
duction plays a critical role in the control of flaviviruses, dem-
onstrated by the fact that knockout mice of these cytokines
or components of the IFN pathway are more susceptible to
flaviviral infection [11, 12]. ZIKV infection can also inhibit
STAT1 and STAT2 phosphorylation, while NS5 protein has
been shown to degrade STAT?2 signaling molecules involved
in the type I IFN pathway [13, 14]. ZIKV-infected patients
have shown the increased levels of chemokines (CXCL-10,
CXCL-12, CCL-2, and CCL-3) and cytokines (IL-1f, IL-2,
IL-4, IL-6, IL-9, IL-10, IL-13, IL-17, TNF-a, and IFN-y)
during the acute phase, while serum levels of IL-1f, IL-6,
IL-8, IL-10, IL-13, TNF-a, and IFN-y were increased in the
convalescent phase [15, 16]. Patients with neurological com-
plications had higher expression of TNF-a, IFN-y, IL-18, and
CXCL-10, and lower expression of IL-10 when compared to
ZIKV-infected patients without neurological manifestations
[15]. Increased expression levels of CCL2, CCL-10, TNF-a,
and IL-22 were found in ZIKV-infected mothers who gave
birth to fetuses with congenital malformations of the central
nervous system (CNS) when compared to pregnant women
whose fetuses were normal [15].

At the present time, a few studies have evaluated the pro-
file of immune response in patients infected with the ZIKV,
since immunological mechanisms that confer protection or
pathology in humans are still poorly understood. There are
no studies describing the participation of innate immunity
receptors during infection in patients. Virus detection can
be largely attributed to the presence of intracellular innate
immune receptors such as Toll-like receptors (TLRs) and
RIG-like receptors (RLRs) in dendritic cells and mac-
rophages. TLR3 (recognizes double-stranded RNA), TLR7,
TLRS, RIG-1, and MDA-5 recognizes RNA viruses such as
the ZIKV (recognize single-stranded RNA), and TLR9 can
recognize double-stranded DNA fragments generated dur-
ing the viral replication process [17, 18]. Virus recognition
by innate immune receptors leads to type I IFNs production
and other cytokines, as well as for modulating adaptative
immune response. This study is a pioneer in evaluating the
profile of innate immune receptors (TLRs and RLRs) in
patients infected by ZIKV.

Materials and methods
Study population and ethics statement

Blood samples from patients diagnosed with Zika virus
(n=30) (Table 1) were kindly provided by the Laboratory
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of Molecular Biology for Infectious Diseases and Cancer at
the Department of Microbiology and Parasitology, Federal
University of Rio Grande do Norte, and by several Public
Health Units in Rio Grande do Norte, Brazil. All patients
involved in this study received medical care from the pub-
lic healthcare system and their medical records showed the
same symptoms’ pattern, including fever, headache, nausea,
rash, joint pain, itchiness, and muscular pain. Neurologi-
cal patients and pregnant woman were not included. Viral
infection was confirmed by nested reverse transcriptase PCR
assay (RT-PCR). Patients included in this study had acute
infection by ZIKV (up to 5 days after the onset of symp-
toms). Uninfected healthy individuals (n =20) were used as
controls. Informed consent was obtained from the partici-
pants and the study was approved by the Research Ethics
Committee, with a Certificate from the National System of
Ethics in Research (CAEE-SISNEP) with protocol number
CAAE: 51057015.5.0000.5537. The study was performed
according to human experimental guidelines of the Brazilian
Ministry of Health and the Helsinki Declaration.

Viral RNA extraction and real-time RT-PCR

Viral RNA for the real-time RT-PCR assay was extracted
using the QIAamp viral RNA Mini Kit (Qiagen, CA, USA),
in accordance with the manufacturer’s instructions. Real-
time RT-PCR (TagMan System) was applied for detecting
ZIKYV, following the protocol described by Faye et al. [19].

Total mRNA extraction, cDNA synthesis,

and real-time RT-PCR to quantify innate immune
receptors and cytokines expression in patients
infected by ZIKV

Innate immune receptors (TLR3, TLR7, TLRS, TLROY,
MDA-5, and RIG1), adapter molecules (Myd88 and TRIF)
and cytokines (IL-6, IL-12, TNF-a, IFN-y, IFN-«, and
IFN-B) mRNA expression were detected by real-time PCR
(qPCR) in peripheral blood obtained from ZIKV-infected
patients. Total mRNA was extracted using TRIzol® rea-
gent (Invitrogen™, CA, USA) and SV Total RNA Isolation
System (Promega, CA, USA) using DNase treatment step
following the manufacturer’s instructions. cDNA synthe-
sis was performed with the high-capacity cDNA Reverse
Transcription kit (Applied Biosystems, CA, USA) using the
Eppendorf Mastercycler gradient set (Eppendorf, CA, USA),
and following the manufacturer’s instructions. Quantitative
analysis of gene expression was performed by real-time PCR
reactions using the Fast SYBR Green® Master Mix system
(Applied Biosystems) supported by 7500 Fast Real-time
(Applied Biosystems) thermal cycler. Specific primers were
obtained by the Primer Express software (Applied Biosys-
tems, USA) or from the previous studies in the literature
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Table 1 Viral load, ?‘?d Patient Gender Age (years) Birth city Cycle threshold Days of

demographic and clinical number disease

characteristics of Zika virus-

infected subjects, from Rio 1 F 26 Natal 36.65 _

Gaebloesuebud 5% G :
3 F 02 Guamaré 37.26 -
4 M 04 Guamaré 33.32 -
5 F 03 Acari 34.85 -
6 F 16 Natal 34.75 -
7 F 43 Natal 36.64 -
8 F - Ceara Mirim 35.68 -
9 F - Natal 30.12 -
10 M - Natal 27.90 -
11 F - Natal 35.90 -
12 M - Caigara do Rio dos Ventos 35.14 -
13 M 46 Natal 37.96 -
14 M - Ceara Mirim 37.73 -
15 F - Natal 35.73 -
16 M - - 36.44 -
17 M - - 37.09 -
18 M 67 Parnamirim 31.34 3
19 F 07 Parnamirim 37.52 3
20 F 12 Sao Paulo do Potengi 37.77 3
21 M 36 Natal 34.72 4
22 F 66 Natal 34.18 3
23 F 39 Parnamirim 36.60 2
24 F 28 Natal 35.83 3
25 M 53 Parnamirim 35.42 3
26 M 06 Parnamirim 36.84 1
27 M 73 Parnamirim 36.93 4
28 F 37 Natal 34.50 4
29 F 58 Parnamirim 37.72 3
30 F 70 Nova Cruz 34.28 4

M male, F female, — not found

(Table 1). Reactions were performed on 96-well plates
(MicroAmp® Fast Optical, Applied Biosystems). Standard
PCR conditions were as follows: 50 °C (2 min) and 95 °C
(10 min) followed by 40 cycles of 94 °C (30 s), variable
annealing primer temperature (Table 2) (30 s), and 72 °C
(1 min). The mRNA expression levels were determined
using the mean Ct values from triplicate measurements to
calculate the relative expression levels of the target genes
in the patients with acute infection by ZIKV compared to
healthy individuals, and were normalized to the housekeep-
ing B-actin gene using the 2722 formula.

Statistical analysis
Data are reported as mean =+ standard deviation (SD). The

Kolmogorov—Smirnov test was used to verify parametric
or non-parametric data distribution. The mRNA expression

levels were compared using the Kruskal-Wallis test. Cor-
relations among were performed using the Spearman test.
Differences were considered significant when p <0.05. The
analyses were performed using the PRISM 5.0 software
(GraphPad, CA, USA).

Results

Patients during acute infection by ZIKV have
increase of TLR3, IFN-q, IFN-B, IFN-y, and decrease
of RIG-1, TLR8, Myd88, and TNF-a mRNA expression

In an attempt to elucidate the immunological profile
involved in acute infection by ZIKV in patients, we ana-
lyzed the mRNA expression of innate immune receptors
and cytokines. Interestingly, patients with acute infection
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Table 2 Sequences of the

. ) Target Sense and antisense sequences Primer annealing
f;;g:i :sed for RT-PCR temperature (°C)

B-actin TGACTCAGGATTTAAAAACTGGAA 56.5
GCCACATTGTGAACTTTGGG

TLR3 TGGGTCTGGGAACATTTCTCTTC 58.5
TGAGATTTAAACATTCCTCTTCGC

TLR7 TTTACCTGGATGGAAACCAGCTA 59.3
TCAAGGCTGAGAAGCTGTAAGCTA

TLR8 TTATGTGTTCCAGGAACTCAGAGAA 59.0
TAATACCCAAGTTGATGATCGATAAGTTTG

TLR9 CCACCCTGGAAGAGCTAAACC 60.8
GCCGTCCATGAATAGGAAGC

MDA-5 GCAGAGGTGAAGGAGCAGA 54.5
AAACGATGGAGAGGGCAAG

RIG-1 CACACCAAGAGCCCAAAC 56.0
TGACCCGATAGCAACAGC

Myd88 CAAGTACAAGGCAATGAAGAAAG 56.9
AAGGCGAGTCCAGAACCA

TRIF ACTGAACGCAGCCTACTCAGC 59.9
ATGACATGTGGCTCCCAAAAG

TNF-a TTCTGGCTCAAAAAGAGAATTG 55.2

TGGTGGTCTTGTTGCTTAAAG

IL-6 CAAATTCGGTACATCCTCGA 56.0
TGCTGCTTTCACACATGTTACT

IL-12 CACTCCCAAAACCTGCTGAG 59.0
TCTCTTCAGAAGTGCAAGGGTA

IFN-y ATGCAGAGCCAAATTGTCTCC 589
GGCAGGACAACCATTACTGG

IFN-« GAAGAATCTCTCCTTTCTCCTGCC 61.0
ATGGAGGACAGAGATGGCTTG

IFN-p TGCCCTAAGGACAGGATGAAC 60.9
GCGTCCTCCTTCTGGAACTG

by ZIKV presented higher expression of TLR3 transcripts
(Fig. la) than healthy individuals. However, similar
expression of mRNA for TLR7, TLR9, MDAS, and TRIF
was observed in patients and healthy controls (Fig. 1b—e).
Furthermore, infected patients showed lower expression of
TLRS8, Myd88, and RIG-1 (Fig. 1f-h). Next, we evaluated
the cytokine profile in patients infected by ZIKV. Patients
during acute infection (up to 5 days after the onset of
symptoms) by ZIKV showed similar expression of mRNA
for IL-6 and IL-12 when compared to healthy controls
(Fig. 2a, b). However, the patients presented a reduced
expression of TNF-a transcripts (Fig. 2¢). In addition,
we observed the higher mRNA expression of cytokines
produced upon TLR activation, such as IFN-a, IFN-f,
and IFN-y in patients infected by ZIKV than in healthy
individuals (Fig. 2d—f). Together, these data demonstrate
that the ZIKV infection in humans upregulates the mRNA
expression for TLR3, IFN-a, IFN-f, and IFN-y suggest-
ing that these components are involved in the immune
response against ZIKV infection.

@ Springer

Upregulation of TLR3 mRNA expression in patients
with ZIKV is correlated with higher expression
of IFN-a and IFN-f mRNAs

We subsequently analyzed the correlation between immune
innate receptor and cytokine mRINA expression. We initially
observed a positive correlation between TLR3 expression
and IL-12 (Fig. 3a), IFN-a (Fig. 3b) and IFN-f (Fig. 3c)
mRNA expression. No correlation was observed between
TLR3 with IL-6 (Fig. 3d) or with IFN-y (Fig. 3e). We
posteriorly verified a positive correlation between TLR-9
expression with IL-6 (Fig. 4a), IL-12 (Fig. 4b), IFN-a
(Fig. 4c¢), and IFN-y (Fig. 4d) mRNA expression. No sig-
nificant correlation was observed between TLR9 and IFN-f
mRNA expression (Fig. 4e). MDA-5 mRNA expression
presented a positive correlation with IL-6 (Fig. 5a), IL-12
(Fig. 5b), IFN-a (Fig. 5¢), and IFN-f (Fig. 5d). No signifi-
cant correlation was observed between MDA-5 and IFN-y
mRNA expression (Fig. 5e). No significant correlations
were observed between RIG-1 and cytokine expression.
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Fig. 1 Patients with acute Zika virus infection showed high TLR3
mRNA expression and low TLRS, Myd88, and RIG-1 mRNA expres-
sion. The mRNA expression levels of TLR3 (a) TLR7 (b) TLRO (c)
MDA-5 (d) TRIF (e) TLRS (f) Myd88 (g), and RIG-1 (h) were deter-

Altogether, these data suggest the possible involvement of
TLR3 in production of IFN-o and IFN-f during ZIKV infec-
tion in patients.

Upregulation of TLR8, RIG1, MDA-5, IFN-a, and IFN-$
mRNA expression in patients with ZIKV is correlated
with higher viral load

Next, we evaluated the correlation between innate immune
receptors/cytokines with viral load. No correlation was
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mined by real-time PCR in peripheral blood of patients with acute
Zika virus infection (n=30) and healthy individuals (n=20). The
expression levels were normalized to the expression level of p-actin.
The results are expressed as the means + standard errors. *p <0.05

observed between TLR3 (Fig. 6a), TLR7 (Fig. 6b) and
TLRY (Fig. 6c) mRNA expression with viral load of
patients during acute ZIKV infection. However, there was
a negative correlation between C, values for ZIKV RNA
with TLR8 (Fig. 6d), RIG1 (Fig. 6e), MDA-5 (Fig. 6f),
IFN-a (Fig. 6g), and IFN-f (Fig. 6h) mRNA expression.
The negative correlation suggests that viral load is posi-
tively correlated with TLR8, RIG1, MDA-5, IFN-«, and
IFN-f during acute infection of patients with ZIKV.
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Fig.2 Patients with acute Zika virus infection showed high IFN-y,
IFN-a, and IFN-f mRNA expression and low TNF-a mRNA expres-
sion. The mRNA expression levels of IL-6 (a) IL-12 (b) TNF-a (c)
IFN-a (d), IFN-B (e), and IFN-y (f) were determined by real-time

Discussion

In the present study, we evaluated the expression of innate
immunity receptors (TLR3, TLR7, TLRS, TLR9, MDA-
5, and RIG-1), adapter molecules (Myd88 and TRIF), and
cytokines (IL-6, IL-12, TNF- IFN-a, IFN-f, and IFN-y) in
patients with acute ZIKV infection. Our results indicate that
acute infection (up to 5 days after the onset of symptoms)
by ZIKV induces the higher expression of TLR3 mRNA
correlated with high IFN-y, IFN-a, and IFN- expression
compared to healthy subjects. In addition, high viral load
is correlated with TLRS, RIG1, MDA-5, IFN-a, and IFN-f.
However, patients infected with ZIKV also have reduced
expression of RIG-1, TLRS8, Myd88, and TNF-a molecules,
which are also involved in antiviral immunity.

We initially verified that patients with acute ZIKV
infection have high TLR3 expression when compared to
healthy controls. In fact, skin fibroblasts infected in vitro by
ZIKV showed increased TLR3 expression, but not TLR7
[7]. The literature data demonstrate that the expression of
IRF3 remained elevated during the course of infection by
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PCR in peripheral blood of patients with acute Zika virus infec-
tion (n=30) and healthy individuals (n=20). The expression levels
were normalized to the expression level of p-actin. The results are
expressed as the means + standard errors. *p <0.05

ZIKV in fibroblasts. On the other hand, TLR7 expression
was reduced, indicating the participation of TLR3 in IRF7
activation and production of interferon type 1 [7, 20]. TLR3
expression contributes to antiviral immunity by inducing
IFN-a, IFN-f, IL-6, and IL-12 production. However, high
type I interferon production and other proinflammatory
cytokines were also detected in the serum and amniotic fluid
of children who had congenital transmission of the virus
[20].

In the present study, we observed similar expression of
TLR7 mRNA in the group of patients with ZIKV and healthy
subjects. The literature data regarding experimental infection
with West Nile virus demonstrated that TLR7 knockout mice
produced less amounts of type 1 interferon [21]. Interest-
ingly, this study showed reduced levels of RIG-1 and TLR8
mRNA expression in patients infected by ZIKV. These data
suggest that patients infected by ZIKV have reduced TLRS
expression, an important receptor for interferon type 1 pro-
duction. The reduced expression of RIG-1, TLRS, and the
adapter molecule Myd88, both involved in the recognition
of simple tape RNA genome virus during ZIKV infection,
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Fig.3 High TLR3 mRNA
expression is correlated with
high IL-12, IFN-a, and IFN-$
mRNA expression. nRNA
expression levels were deter-
mined by real-time PCR in
peripheral blood of patients
with acute Zika virus infection
(n=30) and healthy indi-
viduals (n=20). TLR3 mRNA
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suggests that this condition could be an escape mechanism
used by the virus to evade the innate immune response.
Inhibitory mechanisms of innate immunity are described for
other flaviviruses as an immune evasion mechanism [22, 23].
NS5 protein of the Zika virus degrades STAT2 in human
cells, a signaling molecule involved in the type I IFN path-
way, which increases viral replication [13]. Study with Mex-
ican patients infected with ZIKV demonstrated strong antivi-
ral response with type I IFN production in peripheral blood
mononuclear cells (PBMC) mediated by TLR3 and TLRS.
However, in ZIKV-infected trophoblasts, a downregulation
of both TLR3 and TLR8 and an upregulation of type I IFN
and IFN-y was observed [24]. Selective knockdown of either
TLR3 or TLR8 decreased type I IFN production, but did not
completely eliminate its production, suggesting the partici-
pation of other innate immune receptors in IFN-o and IFN-f
production [24]. In the present study, we demonstrated the
reduction of TLR8 mRNA levels during acute ZIKV infec-
tion, despite the positive correlation between TLRS levels
and the patient’s viremia. The discrepancy between the low
TLRS expression and the positive correlation observed with
the viremia could be due to the kinetics of TLR8 expression

1
150

regulation, inhibitory viral mechanisms of cytokine produc-
tion, and the participation of other innate immunity recep-
tors (e.g., MDA-5 and RIG-1) in the production of antiviral
cytokines, which could contribute to the protection during
the infection [24, 25].

The outcome of a viral infection is determined by a bal-
ance between the rates of viral replication and spreading, as
well as the immune response. The innate immune system
acts as the first line of defense for sensing a viral infection,
and responds by immediate protective defense mechanisms,
including type I IFNs, inflammatory cytokine, complement
response, NK cell, apoptosis, and autophagy. Moreover,
the innate immune response modulates adaptive immune
response [23].

The expression of TLR9 and MDA-5 was similar between
the group of patients infected by ZIKV and healthy indi-
viduals. However, there is a positive correlation between
MDA-5 expression with type I interferon mRNA expression
(IFN-a and IFN-B) and proinflammatory cytokines (IL-6
and IL-12). These results suggest that MDA-5 plays a role
in recognizing and protection against the ZIKV. Moreover,
there was a positive correlation in the present study between

@ Springer
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viral load with TLRS, RIG1, and MDA-5, thus suggesting
that these receptors could play a role in virus recognition.
The viral load was also correlated with IFN-oa and IFN-f
expression, which are induced by activation of TLRS, RIG1,
and MDA-5. In fact, a culture of human fibroblasts infected
in vitro by the ZIKV has shown increased MDA-5, IFN-a,
and IFN-B mRNA expression [7].

In the present study, patients with acute ZIKV infection
had high expression of IFN-y, IFN-«, IFN-p, and reduced
TNF-a mRNA expression. In addition, the high TLR3
expression shows positive correlation with IL-12, IFN-a,
and IFN-f expression. Human monocytes obtained from
healthy individuals and infected with an MR766 strain of
African ZIKV strains showed higher expression of interferon
type 1 (IFN-a and IFN-f) genes when compared to mono-
cytes infected with H/PF/2013 strain of the Asian-origin
virus [26]. The study also demonstrated that the infection of
monocytes obtained from healthy pregnant women infected
by the African ZIKV strain showed high IFN-f produc-
tion when compared to the same cells infected with viruses
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of Asian origin. Type I interferon production in infected
patients is correlated with protection against infection, but
can also be correlated with pathogenesis, as in congenital
ZIKV syndrome and the Guillain—Barré syndrome, and can
result in microcephaly and/or other neurological damage
[27-29]. The signaling pathway STAT1/STAT2/IRF9 leads
to interferon type 1 production and can be inhibited by the
NSS5 protein of the ZIKV through the degradation of STAT2
[30]. Several flaviviruses such as Dengue, Chikungunya, and
the West Nile virus inhibit the production of type I IFN
using NS5 protein [31, 32]. Non-structural ZIKV proteins
also interfere with the signaling stage of type I interferon and
IFN-p production via RIG-I inhibition [33].

We also observed an increased level of IFN-y mRNA
expression in patients infected by ZIKV compared to healthy
individuals. The NS5 ZIKV protein also induces the expres-
sion of type II interferons through forming STAT1-STAT1
protein complexes and activates genes leading to IFN-y pro-
duction. The literature data demonstrate that ZIK'V infec-
tion induces Thl response profile in CD4 T lymphocytes
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with the production of IFN-y, TNF-a and IL-2 [30, 34]. In
this study, patients infected by ZIKV and healthy individu-
als showed similar expression of IL-6 and IL-12. Dentritic
cells and monocytes infected with ZIKV isolated in Puerto
Rico and phylogenetically related to the outbreak isolates in
Brazil in 2015-2016 [35, 36] showed low production of IL6
and IL-12 [14]. Furthermore, pregnant women infected by
ZIKV have similar serum levels of IL-12 when compared to
infected and healthy women [26].

In the present study, we observed a reduction in TNF-o
mRNA expression in patients infected by ZIKV when
compared to healthy controls. Experimental infection of
guinea pigs by ZIKV showed a reduction of TNF-a pro-
duction starting from the 5th day of infection [37]. Patients
infected with the ZIKV in the acute phase and convales-
cence phase showed reduced production of TNF-a. Low
TNF-a production can be due to persistent elevated levels
of IL-10 and IL-13 from the acute phase to convalescence

phase [16]. On the other hand, in an atypical case of ZIKV
infection, a patient with no cardiovascular disease history
had typical symptoms of atrial fibrillation and elevated
levels of chemokines, IL-6, TNF-a, and IFN-y, among
other cytokines. The authors also observed higher TNF-a,
IFN-y, and chemokine production in patients infected with
ZIKV with typical clinical manifestations when compared
to healthy controls [38]. Furthermore, differential cytokine
expression seems to influence the natural history of the
ZIKV infection and can lead to manifesting asymptomatic
clinical conditions to those of more severe neurological
symptomatology.

Immune response against ZIKV at the maternal—fetal
interface may be responsible for the congenital malforma-
tion associated with ZIKV [26]. Data from pregnant patients
infected by ZIKV who had neonates with microcephaly
showed that there is a polyfunctional immune activation in
the amniotic fluid, with the increased levels of IP-10, IL-6,
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Fig.6 Upregulation of TLRS, RIG1, MDA-5, IFN-a, and IFN-f
mRNA expression in patients with ZIKV is correlated with higher
viral load. mRNA expression levels were determined by real-time
PCR in peripheral blood of patients with acute Zika virus infection
(n=30) and healthy individuals (n=20). Viral load (cycle threshold

IL-8, VEGF, MCP-1, and G-CSF-related cytokines to neu-
ronal damage which impaired differentiation and prolifera-
tion of neural progenitor cells [39]. Increased IL-1p, IL-2,
IL-4, IL-6, IL-9, 1L-10, IL-13, and IL-17 were also seen
in patients in the acute phase of ZIKV infection (Ornelas
et al. [40]). Type I IFNs are upregulated in ZIKV-infected
fibroblasts, and comprise key factors to mount the antiviral
response [41]. However, they may be mediators of preg-
nancy complications, including miscarriages, abnormal pla-
cental development, intrauterine growth restriction, and fetal
reabsorption in the context of congenital viral infections.
In the evaluated area of this study, there are other flavi-
virus infections circulating in humans such as Chikungu-
nya virus (CKV), dengue virus (DENV), and yellow fever
virus (YFV). The previous infections with these viruses can
modulate or influence innate immune activation and adaptive
immune response, thereby influencing immune response in
posteriori viral infection in patients, such as in the case of
ZIKV infection. Modulation of innate immune responses

@ Springer
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for Zika virus) was correlated with TLR-3 (a), TLR-7 (b), TLR-9
(), TLRS (d), RIG-1 (e), MDA-5 (f), IFN-B (g), and IFN-y (h). The
mRNA expression levels were normalized to the expression level of
B-actin. The results are expressed as the means =+ standard errors and
the Spearman test was used. C, cycle threshold

by flaviviruses affects the quality of the adaptive immune
response. Particular focus has been given to cross reactivity
between DENV and ZIKV. Dengue-specific antibodies are
able to enhance cell infection with ZIKV in vitro [42-44].
Adoptive plasma transfer of patients in convalescent phase
of DENV infection enhanced pathogenesis of ZIKV infec-
tion in a mouse model [45]. However, Rhesus macaques with
the previous infection by DENV did not show more severe
ZIKYV infection/disease [46].

Innate immune receptors are responsible for the initial
protective response against the virus and in modulating the
adaptive immune response profile. Our results demonstrate
that patients showed high TLR3 mRNA expression during
acute infection by the ZIKV, correlating with high IFN-a
and IFN-f expression, which are major innate immunity
molecules with antiviral activity. Moreover, high viral load
is correlated with high TLRS, RIG-1, MDA-5, IFN-a, and
IFN-B mRNA expression. On the other hand, patients with
acute ZIKV infection showed decreased levels of RIG-1,
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TLR8, and Myd88 mRNA expression, which are also mole-
cules involved in antiviral immunity. Studies which evaluate
the role of innate immune activation in adaptive response as
well as the role of previous viral infection in innate immune
response modulation need to be performed. Better knowl-
edge of immunological mechanisms that confer protection
or pathology during ZIKV infection in patients can be a
valuable tool for reducing morbidity and mortality associ-
ated with infection.
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