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The 2015–2016 epidemic of Zika virus (ZIKV) in the Americas and the Caribbean was associated with an unprecedented burden of 
neurological disease among adults. Clinically, Guillain-Barre syndrome (GBS) predominated among regions affected by the ZIKV 
epidemic, but the spectrum of neurological disease in the adults appears broader as cases of encephalopathy, encephalitis, menin-
gitis, myelitis, and seizures have also been reported. A para-infectious temporal profile of ZIKV-associated GBS (ZIKV-GBS) has 
been described in clinical studies, which may suggest a direct viral neuropathic effect. However, ZIKV neuropathogenesis has not 
yet been fully understood. Mechanisms for ZIKV-GBS and other neurological syndromes have been hypothesized, such as adaptive 
viral genetic changes, immunological interactions with other circulating flaviviruses, and host and factors. This review summarizes 
the current evidence on ZIKV-associated neurological complications in the adults.
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Zika virus (ZIKV) is a single-stranded, positive-sense envel-
oped RNA virus that belongs to the genus Flavivirus of the 
Flaviviridae family, which includes dengue virus (DENV) 
and the well-known neurotropic viruses, West Nile virus and 
Japanese encephalitis virus [1]. ZIKV is primarily transmitted 
to humans by certain Aedes species mosquitoes. Other routes 
are sexual transmission and vertical transmission from mother 
to fetus [2]. ZIKV was isolated for the first time in 1947 from 
blood of a febrile monkey in the Zika forest in Uganda [3]. The 
first ZIKV infection in humans was documented in Uganda 
in 1952, and subsequently sporadic cases were reported in 
Africa and Southeast Asia [4, 5]. Over the next few decades, 
ZIKV reached other areas of the world without any significant 
outbreak, and in the 21st century it continued its slow spread 
through islands in the Pacific Ocean. In 2007, the first ever 
known ZIKV epidemic occurred in Yap State (hereafter, “Yap”), 
a cluster of islands in the Federated States of Micronesia, where 
the infection was primarily self-limited and resembled other 
mosquito-borne flavivirus infections [6, 7]. It was not until 2013 
when a ZIKV epidemic in French Polynesia was associated with 
an unusual increase in neurological disease in adults, mostly 
attributed to Guillain-Barre syndrome (GBS) [7, 8].

Then, in May 2015, the first cases of ZIKV infection were con-
firmed in the northeast region of Brazil. Cryptic transmission of 
ZIKV before detection of the epidemic is believed to have begun 
in late 2013 or early 2014 in the same region, after which ZIKV 

spread to Central and South America [9, 10]. Like the populations 
in Yap and French Polynesia, the population in the Americas was 
fully susceptible to ZIKV infection. Interestingly, an unprece-
dented burden of GBS in adults and microcephaly in newborns 
was geographically and temporarily associated with the ZIKV 
epidemic. What caused the marked difference in ZIKV infection 
outcomes in the Americas is still under investigation [11]. This 
review summarizes the current evidence on ZIKV-associated 
neurological complications in adults and the clinical spectrum of 
neurological disease observed in recent ZIKV epidemics.

ZIKV EPIDEMICS AND NEUROLOGICAL DISEASE

In 2007, investigators reported that 73% of the Yap population 
was exposed to ZIKV infection. The infection was mostly asymp-
tomatic; symptomatic individuals presented with a self-limited, 
mild febrile illness associated with rash, joint pain, and conjuncti-
vitis [6]. From early 2013 to late 2014, French Polynesia registered 
8750 suspected cases of ZIKV disease among an estimated 32 000 
people infected [12]. Seventy-four cases presented with neurolog-
ical syndromes or other complications in the weeks/months fol-
lowing the acute febrile illness [12]. Of those, 42 corresponded to 
GBS, a number that overwhelmingly exceeded the expected GBS 
annual average of 3–8 cases [8]. Similarly, between 2015 and 2016, 
clusters of GBS emerged shortly after the ZIKV outbreak in the 
Americas, in a pattern that highlighted a temporal and geograph-
ical association between GBS cases and ZIKV transmission. In 
July 2015, the state of Bahia, Brazil, reported 42 cases of GBS, of 
which 42% had history consistent with ZIKV infection [12]. Later, 
in November 2015, researchers from Brazil confirmed ZIKV in 7 
samples from patients with neurological disease who were initially 
believed to have dengue fever [12]. Between November 2015 and 
January 2016, Brazil registered 1708 GBS cases nationwide [13]. 
Similarly, in January 2016, El Salvador reported 46 GBS cases over 
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2 months, representing a 1.6-fold increase in the historical inci-
dence for that region [14]; Venezuela also reported 252 GBS cases 
that were temporarily and geographically associated with ZIKV 
transmission [15]. Based on epidemiological studies, in 2016 the 
estimated GBS incidence increased between 2.0- and 9.8-fold in 
7 countries in the Americas affected by the ZIKV epidemic [16].

In Colombia, prior to the introduction of ZIKV, the average fre-
quency of GBS was 242 cases per year, equivalent to an incidence 
of 0.49 cases/100 000 inhabitants per year. During November 
2015–March 2016, Colombia reported 320 GBS cases, which rep-
resented a 211% increase in the GBS incidence as compared to the 
incidence before ZIKV introduction [16]. There was clear demon-
stration of a temporal association between the ZIKV epidemic 
and the marked increase in the number of GBS cases in this coun-
try (Figure 1) [15, 16]. By July 2016, Colombia transitioned to an 
endemic ZIKV transmission rate, and the magnitude of GBS cases 
decreased; however, ZIKV infection and neurological disease, 
preceded by a ZIKV-like febrile illness, continued to be reported 
(Figure 1). Moreover, during 2017, 67% of all neurological com-
plications associated with a prior ZIKV infection corresponded to 
non-GBS diseases affecting the nervous system (Figure 1).

From January 2013 to March 2017, the World Health 
Organization reported 23 countries with either increased inci-
dence of GBS cases potentially associated with ZIKV infection 
or confirmed ZIKV infection among GBS cases [18].

NEUROLOGICAL SYNDROMES ASSOCIATED 
WITH ZIKV

ZIKV-Associated GBS (ZIKV-GBS)

Clinical Profile
GBS is an immune-mediated disorder of the peripheral nervous 
system that manifests as acute onset of ascending paralysis and 

sensory symptoms [19]. Accumulating epidemiological, sero-
logical, and virological evidence has supported ZIKV epidemics 
as temporally associated with the emergence of GBS clusters in 
the Pacific Islands and the Americas. Table 1 outlines the clin-
ical profile of the patients described in the largest case series 
published on ZIKV-GBS since 2013 [20–25]. In all studies, GBS 
was slightly more common in men than in women, with patients 
between the third and fifth decades of life being more frequently 
affected. Limb weakness and areflexia/hyporeflexia were the 
most frequent clinical findings. Paresthesias were the most com-
mon sensory symptom reported, occurring in about two thirds 
of patients. Around half of patients in each series presented with 
cranial nerve deficits, predominantly facial palsy. Although the 
clinical profile of ZIKV-GBS follows the classical presentation of 
GBS, Parra et al reported 4 cases of Miller-Fisher syndrome, a 
GBS variant characterized by ataxia, ophthalmoplegia, and are-
flexia [21]. Few other cases of Miller-Fisher syndrome were also 
reported in Brazil [24]. Anaya et al also reported cases of the 
AMSAN (acute motor sensory axonal neuropathy), Bickerstaff ’s 
encephalitis and pharyngeal-cervical-brachial variants of GBS 
[25]. One of the most interesting observations in ZIKV-GBS is 
rapid presentation of neurological symptoms after a viral pro-
drome. Almost all patients with ZIKV-GBS presented with a 
prior viral illness that occurred a median of 5–10 days before 
GBS onset (Table 1). This differs from the previously recog-
nized classical form of GBS, in which almost two thirds of adult 
patients develop neurological symptoms 2–4 weeks after infec-
tion [26]. This observation suggests a parainfectious temporal 
profile, which contrasts to the postinfectious profile described 
in GBS associated with other infections [27]. While the rapid 
progression of neurological symptoms in ZIKV-GBS may sug-
gest increased morbidity or mortality, the severity of the disease 
in the reported cases was similar to that described for classical 
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Figure 1. Cases of Zika virus (ZIKV) disease, ZIKV-associated Guillain-Barre syndrome (GBS), and ZIKV-associated neurological disease in Colombia, by epidemiological 
week. The cumulative incidence of GBS from October 2015 to epidemiological week 9 of 2016 was 220 cases (red asterisk). Data are based on findings reported elsewhere [17].



Neurological Implications of ZIKV Infection in Adults • JID 2017:216 (Suppl 10) • S899

forms of GBS, with one third of patients requiring mechanical 
ventilation and a mortality rate of 0%–4% (Table 1).

Laboratory and Neurophysiological Features
Cerebrospinal fluid (CSF) albuminocytological dissociation 
was found in >80% of reported ZIKV-GBS cases (Table 1). 
Negative results of serological tests for Campylobacter jejuni, 
human immunodeficiency virus, and various herpesviruses 
were reported by Cao-Lormeau et al in the French Polynesia 
case-control study [20]. Asialo-GM1 antibodies were found 
in 31% of patients, but the antiganglioside antibodies typically 
associated with GBS were rarely detected in this study [20]. 
Similarly, Anaya et al reported the presence of IgG against 
Mycoplasma pneumoniae as associated with GBS after ZIKV 
infection [25]. With respect to neurophysiological studies of 

ZIKV-GBS, publications have shown a variety of results. Data 
on GBS in Colombia, Puerto Rico, and French Polynesia prior to 
the introduction of ZIKV is scant. Although the classical acute 
inflammatory demyelinating polyneuropathy (AIDP) subtype 
of GBS has been described worldwide, the acute motor axonal 
neuropathy (AMAN) subtype, which occurs less frequently, has 
been found in Asia, Central and North America (particularly 
Mexico), and South America [28]. During the ZIKV epidemic in 
French Polynesia, 37 cases underwent nerve conduction studies 
(NCS) during the first week of GBS onset. All cases were doc-
umented to have neurophysiological changes consistent with 
the AMAN subtype, as the authors described prolonged distal 
motor latencies and reduction of the distal compound muscle 
action potential without significant decrease in the motor con-
duction velocity [20]. A similar pattern was reported by Arias et 

Table 1. Clinical and Laboratory Findings Reported in 5 Studies of Patients With Guillain-Barre Syndrome Associated With Zika Virus (ZIKV) in 5 Countries

Finding Cao-Lormeau et al [20] Parra et al  [21] Dirlikov et al [22] Arias et al [23] Da Silva et al [24] Anaya et al. [25]

Site(s) French Polynesia Colombia Puerto Rico Colombia Brazil Colombia

Epidemic period 2013–2014 2016 2016 2015–2016 2015–2016 2015–2016

Cases, no. 42 68 34 19 29 29

Ratio of men to women 3:1 1:1 1:1 2:1 2:1 1:1

Age, y, median (IQR) 42 (36–56) 38 (35–57) 55 (21–88) 44 (27–59) NAa 42 (34–49)

Preceding viral prodrome 37/42 (79) 66/68 (97) 30/32b (94) 19/19 (100) 24/29 (83) NA

Time from viral prodrome to neurologic 
symptom onset, d, median (IQR)

6 (4–10) 7 (3–10) 5 (0–17) 10 (5–12) 10 (4–22) 7 (2–15)

Neurological findings

 Any 42/42 (100) 68/68 (100) 32/34 (94) 19/19 (100) 29/29 (100) 29/29 (100)

 Muscle weakness 36 (86) 66 (97) NAc 19 (100) 29 (100) NA***

 Hyporeflexia/areflexia 20 (48) 64 (94) 31 (97) 18d (95) 26 (90) NA^

 Facial palsy 33 (79) 34 (50) 20 (63) 8 (42) 12 (41) 20 (67)

 Paresthesia 35 (83) 52 (77) NAe 14 (74) NA 26 (90)

 Lumbar puncture 42/42 (100) 55/68 (81) 25/34 (74) 10/19 (53) NA 11 (38)

 ACD NAf 45 (82) 25 (100) 8 (80) NA 10 (91)

ZIKV RT-PCR positive 0/41 (0) 17/42 (40) 10/34 (29) 1/1 (100) 1/29 (3) NA

Nerve conduction studies

 Any 37/42 (88) 46/68 (68) 5/34 (15) 14/19 (74) 27/29 (93) 27/29 (93)

 AIDP 0 (0) 36 (78) 5 (100) 0 (0) 18 (67) 16 (59)

 AMAN 37 (100) 1 (2) 0 (0) 10 (71) 2 (7) 7 (26)

Treatment

 Any 42/42 (100) 46/68 (68) 34/34 (100) 19/19 (100) 28/29 (97) 23/29 (79)

 IVIG 42 (100) 42 (91) 34 (100) 16 (84) 26 (93) 21 (91)

 Admitted to ICU 16 (38) 40 (59) 21 (62) 19 (100) 6 (21) 20 (69)

 Mechanical ventilation 12 (29) 21 (31) 12 (35) 15 (79) 3 (10) 14 (48)

Died 0/42 (0) 3/68 (4) 1/29 (3) 0/19 (0) 1/29 (3) 0/29 (0)

Data are no. (%) of patients or no. with the characteristic/no. evaluated (%), unless otherwise indicated. Studies from Parra et al, Arias et al, and Anaya et al reported patients from the city 
of Cucuta in Colombia during the 2015–2016 epidemic of ZIKV. Overlapping of patients from this city might have occurred between these studies.

Abbreviations: ACD, albuminocytological dissociation; AIDP, acute inflammatory demyelinating polyneuropathy; AMAN, acute motor axonal neuropathy; ICU, intensive care unit; IQR, inter-
quartile range; IVIG, intravenous immunoglobulin; NA, not available; RT-PCR, reverse-transcription polymerase chain reaction.
aThe median age was 42 years (IQR, 22–67 years) for the ZIKV-positive group and 46 years (IQR, 45–47 years) for the ZIKV-negative group.
bIndicates acute illness not limited to viral prodrome.
cLeg weakness was reported in 31 cases (97%) and arm weakness in 24 (75%).
dOne patient had no lower limb areflexia.
eLeg paresthesia was reported in 24 cases (75%) and arm paresthesia in 19 (59%).
fIncreased protein concentration (>52 mg/dL) was reported in 39 cases (93%).

***Leg weakness was reported in 27 (93%) cases and arm weakness in 28 (97%) cases. 
^Lower extremity hypo/areflexia was reported in 27 (93%) cases and upper extremity hypo/areflexia in 26 (90%) cases.
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al in Colombia, although the mean time for the NCS was 35 days 
after the onset of GBS symptoms [23]. These 2 studies classified 
the patients as having the AMAN subtype of GBS, even though 
the distal motor latencies were as prolonged as in the demyelin-
ating subtype. In contrast, Parra et al reported that almost 80% 
of the patients with NCS exhibited features of the AIDP subtype 
in Colombia; the median time of testing after the onset of GBS 
was 13 days [21]. Similarly, Da Silva et al reported that 67% of 
patients had AIDP, with a median time between the onset of GBS 
and NCS of 18 days [24]. Anaya et al also reported a predom-
inant AIDP subtype which was exhibited by 59% of the cases 
[25]. A comprehensive analysis of published electrophysiology 
data suggests ZIKV-GBS is predominantly demyelinating, with 
significant involvement of the distal nerves [29]. Limitations 
of the reported studies include a heterogeneous set of criteria 
used for subtype classification and technical differences in the 
acquisition of neurophysiological data. The variations in time 
from the onset of GBS until testing is of importance because the 
demyelinating subtypes may depict axonal characteristics early 
in the disease [28]. A systematic review of the raw data would be 
required to better understand the electrophysiological charac-
teristics of ZIKV-GBS and their clinical implications.

Evidence of Association Between GBS and ZIKV Infection
The confirmation of the association between GBS and ZIKV 
infection has posed a challenge to clinicians and epidemiolo-
gists owing to challenges in demonstrating ZIKV infection. 
Laboratory confirmation of ZIKV infection, similarly to that 
of other flavivirus infections, involves detection of viral RNA 
by reverse-transcription polymerase chain reaction (RT-PCR) 
analysis of blood specimens obtained during the first 3–5 days 
after disease onset [30]. After virus has faded from blood, the 
diagnosis of ZIKV infection is based on the detection of spe-
cific antibodies. Within the context of neurological disease, this 
approach to confirming ZIKV infection has several difficul-
ties. First, by the time of neurological symptom presentation, 
ZIKV has cleared from blood in most cases [20, 21]. Second, 
since the CSF is not routinely sampled for flavivirus diagnosis, 
the duration and kinetics of ZIKV RNA detection in CSF is 
unknown. Third, serological diagnosis is limited by the exten-
sive cross-reactivity with other flaviviruses, particularly when 
previous exposure to DENV has occurred [30]. Some of these 
limitations were evidenced in the French Polynesia retrospec-
tive case-control study during 2013–2014, in which the crite-
ria for diagnosing ZIKV infection in GBS cases was different 
from that for ZIKV-infected controls. Viral RNA detection 
was limited in GBS cases because of constrains in the time of 
sample collection following the viral prodrome, and therefore 
a serological approach was conducted. However, the inter-
pretation of serological anti-ZIKV immunoglobulin M (IgM) 
was also limited in 19% of GBS cases by cross-reactivity with 
anti-DENV IgM antibodies [20]. The first and largest study 

confirming the presence of the ZIKV RNA genome in subjects 
with presumed ZIKV-GBS was achieved in the study by Parra 
et al in Colombia, in which 17 of 42 patients (25%) had ZIKV 
detected by RT-PCR analysis, which most positive results (94%) 
involving urine specimens. Interestingly, only 1 patient had a 
positive blood specimens, and for 3 patients ZIKV RNA was 
detected in CSF specimens [21]. In summary, confirmation of 
ZIKV infection by RT-PCR analysis of blood or CSF specimens 
from patients with GBS or neurological disease may be limited 
by the time of sample collection and/or the low-level and tran-
sient viremia. These laboratory observations highlight the value 
of biological samples, such as urine, in the diagnosis of ZIKV 
infection, and they may support the hypothesis of the existence 
of viral reservoir organs, such as the kidney. Viral reservoirs 
may serve as potential amplifiers of viral replication and/or the 
antigenic source of an antiviral inflammatory response, with 
potential pathogenic significance in the development of neuro-
logical syndromes, even after viremia has faded away. Evidence 
of causation in ZIKV-GBS has also been limited by the lack of 
well-designed case-control studies, the lack of reliable epidemi-
ological and laboratory data, poor historical data on the GBS 
baseline incidence where ZIKV epidemics occurred, and the 
absence of neuropathological studies on ZIKV-GBS.

Additional evidence on the relationship between ZIKV 
infection and GBS has been provided by several small studies 
and case reports. In a multicenter case series of 8 ZIKV-GBS 
cases in the intensive care unit setting, 1 patient had NCS find-
ings consistent with AIDP, and 1 had findings consistent with 
AMAN [31]. A  small case series from Martinique reported 2 
young patients with positive ZIKV-specific PCR results who 
had NCS findings consistent with AIDP [32]. Eight case reports 
from different regions affected by the emergence of ZIKV, 
including French Polynesia [33], Brazil [34, 35], Haiti [36], the 
Netherlands [37], Spain [38], Honduras [39] and New Zealand 
[40], reported a link between GBS and ZIKV infection. ZIKV 
RNA was confirmed in 4 cases, and anti-ZIKV IgM was detected 
in the rest. NCS were done in 6 cases and demonstrated AIDP 
in 4 cases. Mild transient polyneuritis, which presented rapidly 
after febrile illness, has also been reported, but it may represent 
a milder form of GBS. This raises the possibility of underreport-
ing of minor cases involving patients who do not require or seek 
medical care (Table 2) [41].

ZIKV-Associated Central Nervous System (CNS) Involvement

In contrast to the developing CNS of the fetus, the mature adult 
brain appears to be less susceptible to the possible neuroinvasive 
effect of ZIKV. While congenital infection with ZIKV has been 
associated with encephalitis and microcephaly in newborns, 
very few cases of CNS involvement in adults have been reported. 
Encephalopathy, encephalitis, meningitis, myelitis, and/or sei-
zures have been described in patients with ZIKV infection con-
firmed by RT-PCR analysis [42–47]. The frequency of cases is 
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very low in comparison to the magnitude of ZIKV-GBS cases 
observed during the outbreak in the Americas. Ancillary workup 
is also notably inconsistent among cases. For example, brain 
magnetic resonance imaging has shown a variety of findings, 
which include meningeal inflammation, T2W hyperintensities 
in the deep white matter and subcortical deep gray matter nuclei, 
and lesions with restriction of diffusion suggesting ischemic 
events [31, 43, 46]. While electroencephalography has revealed 

abnormal slowing, no reports have linked ZIKV infection in 
adults to specific epileptogenic problems or epilepsy [44, 45].  
Few cases of myelitis or myelopathy associated with ZIKV infec-
tion are available in the literature. In those cases, spinal cord 
magnetic resonance imaging has shown longitudinally exten-
sive lesions throughout the spinal cord [42, 46]. In comparison 
to cases of ZIKV-GBS, CNS-associated ZIKV complications, 
such as encephalitis and myelitis, appear to have a predominant 

Table 2. Studies on Guillain-Barre Syndrome (GBS) in Association With Zika Virus (ZIKV) Infection

Study Type, Site(s) 
(Year[s]) Findings CSF Analysis and NCS ZIKV Infection Testing

Case-control

French Polynesia (2013) 42 cases with GBS (median age, 55 y; 88% had prior viral 
syndrome; median period from prodrome to GBS, 6 days;  
29% required mechanical ventilation) and 98 controls  
(group 1) with nonfebrile illness

CSF with increased protein 
concentration in 93% of 
patients and a median of  
4 cells/mm3 [1–7]; all 37 patients 
with NCS exhibited findings 
consistent with AMAN

Anti-ZIKV IgM/IgG found in 41 cases 
(98%) and 54 controls (56%); OR, 
59.7 (P < .0001)

Colombia (2016) Cases: 29 GBS patients; median age of 42 years; median  
period from prodrome to GBS 7 days; 48% required 
mechanical ventilation; control: 74 patients with ZIKV  
infection and no neurological involvement; M. pneumoniae  
IgG and low socioeconomic status were associated with  
GBS after ZIKV infection

CSF with ACD in 10 patients; 
NCS consistent with AIDP in 
16/27 patients and AMAN in 
7/27 patients

Anti-ZIKV/DENV IgG in all cases 
cases; anti-ZIKV IgM in 1 case 
(median of 108 days after the 
prodrome)

Case series

Colombia (2016) 68 patients with GBS; median age, 47 y; 97% had prior febrile 
illness; median period from prodrome to GBS, 7 days; 31% 
required mechanical ventilation and 3 died

CSF with ACD in 45 patients; 
36/46 had NCS findings 
consistent with AIDP

ZIKV RT-PCR done for 17 patients 
(urine samples for 16, CSF 
samples for 3, and a serum 
sample for 1); anti-flavivirus IgM/
IgG found in 18

Colombia (2016) 19 patients with GBS; mean age, 44 y; all had preceding mild 
febrile illness; median period from prodrome to GBS, 10 days; 
79% required mechanical ventilation

CSF with ACD in 8 patients and 
NCS findings consistent with 
AMAN in 10

ZIKV RT-PCR done for 1 patient

Puerto Rico (2016) 34 patients with GBS; median age, 55 y; 94% had prior acute 
febrile illness; median period from prodrome to GBS, 5 days; 
35% required mechanical ventilation and 1 died

CSF with ACD in 25 patients;  
5/5 had NCS findings 
consistent with AIDP

ZIKV RT-PCR done for 10 patients; 
either anti-ZIKV or anti-flavivirus 
IgM antibodies found in 24

Brazil (2016) 29 patients with GBS; 83% had prior viral symptoms; median 
period from prodrome to GBS, 10 days; 10% required 
mechanical ventilation and 1 died; outcomes at 3 mo included 
chronic pain in 55% and Hughes GBS disability scale of 1 in 
most patients

No CSF analysis reported;  
18/27 patients had NCS 
findings consistent with AIDP, 
2/27 had AMAN, and 6 had 
AMSAN

ZIKV RT-PCR done for 1 patient; 
anti-ZIKV IgM found in serum/ 
CSF for 1 and anti-DENV IgM 
negativity for 26

Multicentera (2016) 8 patients with GBS and 2 with encephalitis admitted to  
the ICU; 7 had exanthema on admission and 6 required 
mechanical ventilation

CSF with pleocytosis in 4 
patients (2 with increased 
protein levels); NCS findings 
consistent with AIDP in 1 and 
with AMAN in 1

ZIKV RT-PCR done for 10 patients

Martinique (2016) 2 patients with GBS CSF with ACD; NCS findings 
consistent with AIDP

ZIKV RT-PCR

Suriname (2016) 3 patients with GBS; 2 aged 40 y and 1 aged 60 y CSF with ACD in 1 patient;  
NCS findings consistent with 
AIDP in 2

ZIKV RT-PCR done for 1 patient; 
anti-ZIKV IgG found in 2 patients

Case report

Brazil (2014, 2016); 
French Polynesia 
(2013); Haiti (2016); 
Honduras (2016); 
New Zealand (2016); 
Spain (2016); the 
Netherlands (2016)

8 patients with GBS; age range, 24–62 y; female sex more 
common (n = 5); 1 was pregnant, 4 had preceding febrile 
illness, 1 developed weakness after a trip to Tonga, 5 had 
cranial nerve involvement, 1 had Miller-Fisher syndrome 
variant, and 1 had respiratory failure

CSF with CAD in 5 patients; 
NCS findings consistent with 
AIDP in 4

ZIKV RT-PCR done for 4 patients; 
anti-ZIKV IgM found in 4 patients

Abbreviations: ACD, albuminocytological dissociation; AIDP, acute inflammatory demyelinating polyneuropathy; AMAN, acute motor axonal neuropathy; AMSAN, acute motor sensory axonal 
neuropathy; CSF, cerebrospinal fluid; IgG, immunoglobulin G; IgM, immunoglobulin M; NCS, nerve conduction studies; OR, odds ratio; RT-PCR, reverse-transcription polymerase chain 
reaction.
aSites were in Colombia, Venezuela, El Salvador, Guatemala, Puerto Rico, Ecuador, Peru, and Chile.
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neuroinflammatory profile, because CSF analysis depicts lym-
phocytic pleocytosis and elevated protein levels [25, 42–46]. 
Although this evidence is scarce, it provides a valuable foun-
dation of the spectrum of CNS involvement related to ZIKV 
infection.

ZIKV NEUROPATHOGENESIS IN ADULTS

Little is known about ZIKV neuropathogenesis in adult 
humans. The parainfectious profile in ZIKV-GBS may suggest 
a direct role of ZIKV in the development of neurological dis-
ease [20–22]. The detection of ZIKV RNA in CSF specimens 
from adult patients may also suggest a neuroinvasive feature 
of ZIKV, but the viral neurotropism has yet to be demon-
strated in the adult nervous system. ZIKV strains isolated from 
humans or mosquitoes (during 1947–2014) have been classi-
fied by nucleotide sequence analysis into 2 genotypes, African 

and Asian [30, 48, 49]. ZIKV epidemic strains (isolated during 
2007–2016) belong to the Asian genotype. The reemergent 
ZIKV Asian lineage that was introduced in French Polynesia 
in 2014 and later spread to Brazil and the Americas likely 
emerged from a common viral founder, which share s>98% 
nucleotide sequence homology and exhibits greater neurovir-
ulence than the Asian lineage from Yap described in 2007 [10, 
50]. However, genetic changes in the viral genome or amino 
acid substitutions on viral proteins cannot explain the switch 
in the neurovirulence of the Asian genotype, from the mild 
disease induced in the population of Yap to the dramatic surge 
in neurological complications associated with ZIKV in the 
Americas. Evaluation of a limited number of ZIKV genomes 
from microcephaly cases in Brazil showed nonshared amino 
acid mutations among them [9]. A genetic analysis of strains 
from patients with ZIKV-GBS has not been performed.
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Although structural analysis of ZIKV by cryo–electron 
microscopy revealed its similarity to other flaviviruses, some 
insights on the structure of a ZIKV strain from French Polynesia 
revealed structural variations on the envelope (E) protein of 
ZIKV that are not coincident with the same structural region 
in DENV or other flaviviruses. Changes were observed at the 
E loop, adjacent to the fusion loop, a region that mediates virus 
entry and infectivity. An insertion of 5 amino acid residues in 
the loop surrounding the Asn154 glycosylation site changed the 
carbohydrate density and conformation in ZIKV E protein rel-
ative to DENV and other flaviviruses [51]. This suggest that dif-
ferences in this region may be important for transmission and 
disease. Interestingly, ZIKV diverges from other flaviviruses in 
the precursor membrane protein (prM), E protein, and non-
structural protein 1 (NS1), all key players for viral infectivity or 
pathogenesis. Mutations in the genes encoding NS1, NS5, and 
NS4B occur between Asian and African ZIKV strains, which 
may be important in immune evasion and pathogenesis [52, 53]. 
However, it remains unknown whether there are viral structural 
determinants of neurological disease or neuroinvasiveness.

Important for neuropathogenesis is the possibility that, as for 
other flavivirus infections (eg, DENV-heterotypic infection), 
preexistent cross-reactive flavivirus antibodies may prompt dis-
ease-enhancing mechanisms during ZIKV infection via anti-
body-dependent enhancement (ADE) of infection. In ADE, 
subneutralizing levels of immunoglobulin G antibodies against 
E protein or the E protein–prM heterodimer on the virus sur-
face elicited by prior flavivirus exposure fail to neutralize a new 
infection, and, instead, these virus-antibody complexes are 
endocytosed by cells expressing Fc receptors (FcγR), thereby 
boosting viral replication. This mechanism appears to be a fac-
tor leading to immune dysregulation associated with disease 
severity in DENV infection [54]. Stettler et al demonstrated in 
vitro enhancement of ZIKV and DENV infection by human 
cross-reactive heterologous antibodies against epitopes on the 
I/II domains of ZIKV E protein [55]. DENV-specific monoclo-
nal antibody against a flavivirus–cross-reactive epitope in the 
E protein or low levels of DENV-specific antibodies in human 
plasma enable the in vitro infection of nonpermissive cells 
by ZIKV via ADE [56]. Therefore, it is possible that previous 
DENV immunity may pose a risk for neurological disease upon 
exposure to ZIKV through ADE (Figure  2A). However, ADE 
infection was not demonstrated to occur in 2 nonhuman in vivo 
models of ZIKV infection [57, 58].

In the case of ZIKV-GBS, the immune-mediated injury 
hypothesis seems the most plausible. On one side, it has been 
suggested that anti-ZIKV antibodies with cross-reactive activ-
ity against unknown peripheral nervous system antigens may 
induce damage through molecular mimicry (Figure 2B). This 
is a well-known mechanism for antiganglioside-mediated GBS, 
triggered by C. jejuni infection, which phenotypically manifests 

as AMAN [59]. However, for the demyelinating variant, which 
is the most frequent subtype in ZIKV-GBS, the main target anti-
gens are still unknown. Clinically, the role of the humoral fac-
tors in ZIKV-GBS is also supported by the reported beneficial 
effect of the intravenous immunoglobulin and/or plasmapher-
esis. On the other hand, cellular immunity is likely involved, 
as previously demonstrated in human pathological studies 
of GBS and idiopathic polyneuritis [60, 61]. Based on what is 
known for GBS not associated with ZIKV, we speculate that, in 
ZIKV-GBS, particularly the AIDP variant, the affected nerves 
might present cellular-mediated inflammation and segmental 
demyelination induced by complement and macrophage acti-
vation (Figure 2C). Although still unclear, a direct viral patho-
genic effect on Schwann cells or axonal structures in the PNS is 
possible according to the parainfectious profile of ZIKV-GBS 
(Figure 2D). ZIKV infection has been demonstrated in dorsal 
root ganglion cells in animal models, but no evidence of a direct 
viral role is available in humans [62].

Alternatively, the emergence of neurological complications 
associated with ZIKV infection may be explained by intrinsic 
host factors (eg, genetic susceptibility) or the magnitude of 
the outbreaks [63]. Low-risk neurological events such as GBS 
may be noticed in epidemics with large number of cases, such 
as those in French Polynesia, Brazil, and Colombia (>30.000–
>1.000.000), but may go unrecognized when the number of 
cases is small, as might have occurred in Southeast Asia before 
2007.

CONCLUSION

The recent emergence of ZIKV in the Pacific Islands and the 
Americas has revealed a new and unexpected spectrum of ZIKV-
associated nervous system disease in the adult human popula-
tion. Although a causal relationship has not been established, the 
demonstration of ZIKV infection in GBS cases is the most strik-
ing biological evidence of the association between these 2 condi-
tions. Although the neuropathogenesis of ZIKV-GBS and other 
neurological syndromes is unclear, immune-mediated inflam-
mation of the neural tissue is the leading hypothesis. Further 
investigations are crucial to understand the factors involved in 
the heavy burden of neurological disease in the Americas and 
to assess the global risk and impact of ZIKV. Health authorities 
should be aware of the potential neurological complications 
derived from ZIKV infection in regions with transmission of the 
virus.
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