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Abstract
Background: Evidences indicate a strong link between Zika virus (ZikV) and neurological complications.
Acute myelitis, optic neuritis, polyneuropathy and encephalomyelitis that mimic in�ammatory idiopathic
demyelination disorders (IIDD) after ZikV infection have been reported in Brazil. In that context, the
present study aims to investigate the possible occurrence of molecular mimicry between ZikV antigens
and Multiple Sclerosis (MS) autoantigens, the most frequent IIDD of the central nervous system (CNS).

Methods: A retrospective cohort study with 305 patients admitted due to suspected arbovirus infection in
Rio de Janeiro was performed, all subjects were submitted to neurological examination and biological
sample was collected for serologic and molecular diagnostic. Bioinformatics tools were used to analyze
the peptides shared between ZikV antigens and MS autoantigens.

Results: Of 305 patients, twenty-six were positive for ZikV and 4 presented IDD pattern found in MS
cases. Sequence homology comparisons by bioinformatics approach between NS5 ZikV (most common
strains) and PLP MS protein revealed a homology of 5/6 consecutive amino acids (CSSVPV/CSAVPV)
with 83% identity, deducing a molecular mimicry. In addition, analysis of the 3D structures of both
proteins revealed a similar conformation with alpha helix presentation.

Conclusions: Molecular mimicry between NS5 Zika virus antigen and PLP MS autoantigens emerge as a
possible mechanism for IDD spectrum in genetically susceptible individuals.

Background
Over 80% of Zika Virus (ZikV) infections in humans are asymptomatic. Typical symptoms can include
rash, fever, joint pain and conjunctivitis for a period of 7 days (1). The outbreak of ZikV has increased the
occurrence of long term neurological complications (2). In addition, ZikV was detected by serology in
cerebrospinal �uid (CSF), molecular and histopathological analysis of the brain and amniotic �uid of
microcephalic fetuses (3,4). ZikV has also been associated to central nervous system (CNS)
in�ammatory demyelinating disorders (IDD) including optic neuritis (5), neuromyelitis optica spectrum
disorders (NMOSD) (6), transverse myelitis and acute disseminated encephalomyelitis (ADEM) (3). Our
group has recently published a case in which the coexistence of the virus in the CNS of an MS patient led
to the development of an ADEM-like episode (7).

Besides its direct neurotropic effect (8), it is believed that ZikV may function as a trigger leading to the
development of an immune-mediated injury against many parts of the CNS (9). ZikV has already been
related to the development of several autoimmune conditions (10). In Guillain-Barre syndrome (GBS), for
example, the molecular mimicry between glycolipids and surface molecules of the virus has explained the
majority of cases (11). Interestingly, ZikV is commonly associated with magnetic resonance imaging
(MRI) lesions distributed in space and time, regarding heterogeneous gadolinium enhancement, as seen
in the MS criteria (12). Moreover, serum positivity for autoantibodies against myelin oligodendrocyte
glycoprotein (MOG), a speci�c antibody against the myelin sheath was recently associated with ZikV
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(13). As many radiological and clinical aspects of ZikV infection may mimic IIDD, patients can be
misdiagnosed. MS is the most frequent IIDD of the CNS (14), and several evidences have shown that
molecular mimicry is a possible epigenetic mechanism in genetically susceptible individuals (15).

To investigate the mechanisms of ZikV induced neurological manifestations, it is essential to use various
reproducible in vitro models and bioinformatics tools capable of recapitulating complex
neurodevelopmental disorders, in an attempt to �nd speci�c targets. The molecular mechanisms
underlying these conditions in adults are not clear. Focusing on the MS-like pattern, the present study
investigated the possible occurrence of molecular mimicry between ZikV antigens and MS autoantigens.
The underlying rationale is that shared peptides between pathogen and human host may lead to a break
in immune tolerance through a cross-reactivity phenomenon (16).

Methods

Study population and biological samples
A retrospective cohort study was performed with patients admitted in three university hospitals and
referred by Laboratório Central Noel Nutels (LACEN) in Rio de Janeiro. This work was approved by the
National Council for Ethics in Research (CAAE 69411317.6.0000.5258). All subjects signed an informed
consent agreeing to participate in this research. From 2016 to 2019, 305 patients with suspected
arbovirus infection were evaluated by a multidisciplinary team. Complete physical and neurological
examination was performed and, when necessary, MRI was requested. Biological sample (blood, urine,
and CSF) was collected on admission and, according to clinical indication, tested by serology and/or
ZikV molecular diagnostic.

Sequence analysis
Peptide sharing between ZikV antigens and MS autoantigens was analyzed as follow: A viral polyprotein
library was constructed using the major viral antigens reported in the literature and protein sequences
available in NCBI Protein Reference Sequences (https://www.ncbi.nlm.nih.gov/protein). A MS
autoantigen library was constructed at random through UniProtKB Database (www.uniprot.org/) using
‘Multiple Sclerosis’ as a keyword. The result was �ltered and only the proteins con�rmed as autoantigens
were collected. ZikV polyproteins and MS autoantigens identi�ed are outlined in Table S1. The two
libraries were analyzed for matches using BLASTP (https://blast.ncbi.nlm.nih.gov/Blast.cgi) and
sequence alignment was done using EMBOSS (https://www.ebi.ac.uk/Tools/psa/emboss_water/).

Antigenic prediction
To con�rm whether the NS5 ZikV sequence studied has antigenic properties, VaxiJen version 2.0
(http://www.ddg-pharmfac.net/vaxijen/VaxiJen/VaxiJen.html) was used. A threshold antigenic score of

https://www.ncbi.nlm.nih.gov/protein
http://www.uniprot.org/
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://www.ebi.ac.uk/Tools/psa/emboss_water/
http://www.ddg-pharmfac.net/vaxijen/VaxiJen/VaxiJen.html
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0.5 was de�ned in order to �lter probable non-antigenic sequences. Vaxijen server performs alignment-
independent prediction, which is based on auto cross covariance (ACC) transformation of protein
sequences into uniform vectors of principal amino acid properties.

3D Comparative modelling
The 3D models were built using the Swiss-Model, an online modeling server
(https://swissmodel.expasy.org/). The template modeling scores (TM-scores) and root mean square
deviations (RMSDs) of the NS5 ZIKV and PLP MS three-dimensional overlap were calculated using TM-
Align.

Results

In�ammatory demyelinating disorder phenotypes in
patients with ZikV infection
A total of 305 patients were evaluated. 26 were positive for ZikV and the remaining were diagnosed with
either Dengue or Chikungunya. Out of the ZikV positive patients, 4 were classi�ed as having IDD of the
CNS requiring differential diagnosis with MS. Clinical examination, imaging, electrophysiologic, and
laboratory �ndings of these patients are exposed in Table 1 and Figure 1–4.

Sequence sharing between ZIKV polyproteins and MS
autoantigens
The bioinformatics approach identi�ed an 83% identity between the NS5 antigen of ZikV and PLP MS
autoantigen, deducing the molecular mimicry among them. The obtained alignment between the peptide
sequences is represented in Figure 5A. Although statistically non-signi�cant, it was also possible to
observe a 67% identity between NS3 antigen of ZikV and MOG MS autoantigen. The identity results
between all sequences are depicted in Table S2. In addition, sequence analysis of NS5 using VaxiJen
version 2.0 resulted in a score of 0.5091, con�rming the antigenicity of the sequence studied.

Structural conformation between NS5 ZIKV and PLP MS
In order to predict the 3D structures conformation of the two proteins, TM-Align was used to align them.
As BlastP showed us a high identity between a particular region of PLP and NS5, a structural
conformation was performed only with that region where the corresponding high identity was obtained
PLP131–198 and NS5281–325 (Figure 5B). The CSAVPV sequence which is 86% identity by BlastP, obtained
a TM-score of 0.47071 and RMDS of 2.39 and is in alpha helix structure of both proteins.

https://swissmodel.expasy.org/
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Discussion
Several studies have shown that IDD in CNS can be triggered by viral infection or immunizations. After a
variable period of incubation, myelin destruction undergoes courses of remission and exacerbation. MS is
a most common disease that compromises CNS myelin sheath (17).

Viral infection can trigger autoimmune diseases through different mechanisms: molecular mimicry,
epitope spreading, bystander activation, superantigen production, and inadequate activation of immune
response (18). Molecular mimicry can be de�ned as similar structures shared by a host epitope and
microorganism or environmental proteins (18). Using bioinformatics tools, common sequences and
structural homology between Chikungunya virus (ChikV) E1 glycoprotein and human HLA-B27 molecule
were identi�ed. In addition, the peptides derived from ChikV glycoprotein E1 induced signi�cant
in�ammation in C57BL/6J mice (19). Based on proteomic studies and sequence analysis, some evidence
has also shown that Dengue Hemorrhagic Fever may be caused by molecular mimicry between different
coagulation molecules with prM, E and NS1 viral proteins (20). Furthermore, it is already widely proposed
that cross-recognition of common viral peptides with myelin antigens induces a molecular mimicry
involved in MS development, especially in genetically susceptible individuals (15).

Zika fever is a self-limited disease, still, less than 5% of symptomatic patients may develop neurological
manifestations (21,22). We evaluated 305 patients who had suspected infection with common
arboviruses circulating in Brazil, of which 26 were positive for ZikV and, surprisingly, 4 patients had MS-
like multifocal syndromes.

Patient 1 presented with headache, optical neuritis, and cervical myelitis associated to a cervical lesion
(Figure 1 E) and asymptomatic multifocal brain lesions on MRI, one of which had gadolinium
enhancement. This distribution of brain lesions, paired with positive oligoclonal bands (OCB) found on
CSF analysis, resembles the pattern usually found in MS (Figure 1 A-D and Table 1). Although this patient
developed these neurological manifestations �ve days after the �rst symptoms of viral infection, it was
only possible to make the ZikV diagnosis after sixty days, thus explaining the IgM negativity in serum.
Patient 2 had a diagnosis of acute �accid paraplegia 11 days after a viral prodrome, and 3 months later
developed tetraparesis associated with longitudinal extensive transverse myelitis (Figure 2 C and D),
centrally located (Figure 2 C3, D3), with focal tapering of the cervical/dorsal transition on sagittal STIR
(Figure 2 C1), resembling the extension and sequelae areas usually seen in NMOSD. Furthermore, the
lesion had anterior horn involvement (Figure 2 D4). A recent case report identi�ed concurrent GBS and
ADEM in a 24-year-old woman who developed acute ZikV infection. The authors postulate this case was
para-infectious, induced by neurotropism and activation of an immune response against ZikV (23). This
same mechanism is probably involved in the development of this NMOSD phenotype in our patient.
Patient 3 presented with tetra paresis and ataxia associated to brain lesions mainly affecting the
brainstem on axial T2 images, including the posterior aspect of the mesencephalon (Figure 3 E), pons
(Figure 3 F) and the medial cerebellar peduncle (Figure 3 G). Patient 4 presented with optic neuritis and
multifocal myelitis with cervical and dorsal lesions, as usually found in a �rst manifestation of MS
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(Figure 4 A, B). This patient could be classi�ed as having a clinical isolated syndrome (CIS) with high risk
of conversion to MS due the distribution and number of T2 white matter lesions. Although the optical
neuritis pattern resembles the one of NMOSD, the spinal cord lesions are MS-like.

Lucchese et al, 2016, observed that ZikV antigens are commonly involved in microcephaly and GBS. 129
immunopositive epitopes are reported as having peptide overlap with human proteins that may relate to
demyelination and axonal neuropathies. This indicates that cross-reactivity with human proteins might
contribute to the mechanisms linking ZikV infection to GBS (11). The IDD phenotype attributed to ZikV
infection seems to mimic MS manifestations. Molecular mimicry is assessed in this study by
investigating homologous regions between ZikV antigens and human MS autoantigens using
bioinformatics tools. Sequence homology comparisons between NS5 ZikV and PLP MS protein revealed
a homology of 5/6 consecutive amino acids CSSVPV/CSAVPV (Figure 5A). A study that performed
antigenic B-cell epitopes prediction found an antigenic peptide from position 528 to 539
(NAICSSVPVDWV) of ZIKV NS5, which had the maximum residual score of 1.203 and might present a
preliminary set of peptides for future vaccine development against ZIKV (24). Calculating the TM-score of
NS5 ZIKV and PLP MS 3D structures demonstrated that both proteins are in almost the same fold, both
are in alpha helix and they have topological similarity (Figure 5B) (25).

Interestingly, ZIKV African (MR766) lineage strain, revealed exactly the same Human PLP sequence
(CSAVPV), and recombinant NS5 proteins from Africa and from Brazil revealed similar levels of RNA
synthesis (26). It is already known that MR766 strain is more virulent and causes more severe brain
damage than current Asian lineage and dengue virus (27). When inoculated subcutaneously in adult
transgenic mice (knockout) C57BL/6 Stat2-/-, MR766 strain induces short episodes of severe neurological
symptoms, followed by lethality. Furthermore, this strain was able to induce higher levels of in�ammatory
cytokines and markers associated with cellular in�ltration into the brain of infected mice (28). Li et al,
2019, observed that MR766 strain and epidemic Brazilian (BR15 and ICD) ZIKV strains are different in
viral attachment to host neuronal cells, viral permissiveness and replication, as well as in the induction of
cytopathic effects (29).

Autoreactivity to PLP in patients with MS has been investigated in human and animal model by various
groups worldwide (30). A recent study involving PLP’s Epitopes involved in MS, found CSAVPV (in
PLP161–177 residues) among the most immunogenic regions of PLP (31). In addition, the crystal structure
of the NS5 ZikV protein reveals a conserved domain conformation of Flaviviruses, a genus that includes
a variety of human pathogens such as dengue virus, yellow fever virus, West Nile virus, Spondweni virus
and the Japanese encephalitis virus (32). So, the presence of high identity between NS5 ZikV and PLP, an
autoantigen widely implicated in the pathogenesis of MS (33), leads us to postulate that molecular
mimicry may have a role in the development of in�ammatory demyelinating damage, a hallmark of the
IDD produced by this genus of virus.

Both genetic and environmental factors have been shown to contribute to the pathogenesis of
autoimmune diseases. It is well-established that HLA-DR15 haplotype bears the strongest association to
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MS (34). In a Brazilian study, it was observed that the presence of HLA-DRB1*1501 allele confers an
ethnicity-dependent MS susceptibility in Caucasian patients and that HLA-DQB1*0602 allele confers an
ethnicity independent susceptibility (35). Using HLA class II transgenic (Tg) mice, several studies have
demonstrated HLA-DR-dependent disease following immunization by MBP, PLP, or MOG (36,37). However,
it was observed that HLA-DRB1*1501 Tg mice were refractory to disease induction by overlapping PLP
peptides, while HLA-DQB1*0602 Tg mice were susceptible to disease induction by PLP139–151 and
PLP175–194 peptides (38). It has been seen that Both PLP139–151 and PLP178–191 epitopes are key targets
of T-cells, and are increased in MS patients versus healthy controls (39). However, this does not mean
that PLP161–177 residues are not encephalitogenic-related, but that they need further animal and human
model studies. Therefore, PLP autoimmunity and HLA haplotype have been strongly associated with
lesion localization, as well as remission and relapse rates in MS (40).

Conclusion
The concept of molecular mimicry remains a viable hypothesis for understanding the genetics,
epigenetics, and environmental involvement in the pathogenic mechanisms of IDD. Studies using
bioinformatics tools further encourage the identi�cation of molecules that could be used in the
development of either diagnostic or prognostic biomarkers. We found that NS5 ZikV presented a high
identity with PLP MS autoantigen and both are structurally similar with alpha helix chains. These �ndings
may justify IDD CNS manifestations following ZikV infection, as in the 4 cases here reported. Further
investigation is required to understand whether PLP161–177 residues are encephalitogenic and how the
recognition of NS5 epitopes by HLA molecules drives the pathogenic T-cell autoimmune response in vivo.
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ACC: Auto Cross Covariance

ADEM: Acute Disseminated Encephalomyelitis
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  Patient 1 Patient 2 Patient 3 Patient 4

Clinical
presentation

       

Age 30 51 48 57

Sex Male Male Male Female

Medical history None None None None

Viral prodrome Fever and myalgia Acute fever and
rash

Acute fever and
rash

Fever, intense
myalgia and
skin rash

Neurologic
MANIFESTATIONS

Paresthesia and
headache

Paraparesis, that
evolved into
tetra paresis.

Tetra paresis

And ataxia.

Visual loss and
walking
impairment

Time from viral
prodrome to
neurologic
symptoms

5 days 11 days 10 days 11 days

Neurologic
examination

       

  Hypoesthesia right
upper limb and
bilateral optic
neuritis

Dysarthria, tetra
paresis and
drowsiness

Tetra paresis, 

Ataxia and
disorientation 

Spastic
symmetric
crural
paraplegia,
optic neuritis
with left visual
loss

Diagnostic studies        

Zikv RT-PCR Negative Negative Negative Positive

IgM ZikV Negative Positive in the
serum

Positive in the
serum

Positive in the
serum

IgG ZikV Positive in the
serum

Positive in the
serum

Positive in the
serum

Negative in the
serum

CSF 8 leukocyte/mm3 ,
27 mg/dl protein,
OCB positive, IgG
index 0,88

0
leukocytes/mm3,
27 mg/dl
protein.

15
leukocytes/mm3,
71 mg/dL
protein, and 55
mg/dL glucose

9
leukocyte/mm3 ,
64 mg/dl
protein, OCB
negative, AQP4
Ab Negative

Figures



Page 16/20

Figure 1

Patient 1 MS like pattern. A focal subcortical hyperintense FLAIR lesion (A) with contrast enhancement
(B) is observed in conjunction with other periventricular and pericalosal bright lesions (C), similar to
Dawson’s �ngers described for MS disease. Cervical lesions follow the same pattern, eccentrically located
in the T2* axial plane (D) and extending for one vertebral body dimension on the sagittal STIR cervical
image (E).
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Figure 2

Patient 2 Lower limbs �accid paralysis followed by extensive myelitis. Initial dorsal MRI (A) was normal,
and a signi�cant contrast enhancement was observed in the axial T1 fat-sat image of the lumbar spine,
involving the dorsal ganglia and the lumbo-sacral plexus inside the spine canal (B). After 3 months of
evolution the patient developed longitudinal extensive transverse myelitis (C, D), already with focal
tapering of the cervical/dorsal transition on sagittal STIR (C1), remembering a sequel area. The lesion
was centrally located (C3, D3), with anterior horn involvement (D4) and signals of previously bleeding
inside the central canal (C3). A patch and irregular contrast enhancement was noticed along the sequel
area (C2) and along the entire dorsal spinal cord (D2). Consequent muscle denervation was observed in
the coronal STIR of the pelvic girdle muscles (E) and ascendant cortical-spinal tract degeneration
consequent to the spinal cord damage on FLAIR axial images (F).
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Figure 3

Patient 3 Longitudinal extensive transverse myelitis. Cervical spinal cord sagittal T2 (A) show extensive
continuous high signal intensity lesion affecting the hole diameter of the spinal cord on axial T2* images
(B), best identi�ed on sagittal STIR (C). The extent of more than 3 vertebral body was con�rmed, as well
as the involvement of the medullary cone on sagittal STIR (D). Brain lesions were mainly detected
affecting the brain stem on axial T2 images, including the posterior aspect of the mesencephalon (E),
pons (F) and the medial cerebellar peduncle (G). Two years follow up brain images show hypersignal
intensity on coronal T2 (H) and axial FLAIR (I) images located in the cortical-spinal tract, mostly
associated with retrograde degeneration within the spinal cord lesions.
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Figure 4

Patient 4 Tumefactive myelitis. Sagittal STIR cervical (A) and dorsal (B) spinal cords have multiple small
tumefactive bright lesions, randomily affecting all main cords tracts, diffusively distributed. Axial T2-fat
suppressed at the orbital area shows bright thickening of the intra-orbital extent of the left optic nerve,
re�ecting extensive optic neuritis.
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Figure 5

Results of alignment between NS5 antigen of ZikV (AJD79051.1) and PLP MS autoantigens. Alignment
of amino acid using EMBOSS needle. Note the motif highlighted have 83% identity (A). Structural
alignment between PLP131-198 and NS5281-325 proteins. In red the PLP131-198 is represented and in
blue the NS5281-325 (B).
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