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BACKGROUND
Zika virus (ZIKV) infection has been linked to the Guillain–Barré syndrome. From 
November 2015 through March 2016, clusters of cases of the Guillain–Barré syn-
drome were observed during the outbreak of ZIKV infection in Colombia. We char-
acterized the clinical features of cases of Guillain–Barré syndrome in the context of 
this ZIKV infection outbreak and investigated their relationship with ZIKV infection.

METHODS
A total of 68 patients with the Guillain–Barré syndrome at six Colombian hospitals 
were evaluated clinically, and virologic studies were completed for 42 of the patients. 
We performed reverse-transcriptase–polymerase-chain-reaction (RT-PCR) assays for 
ZIKV in blood, cerebrospinal fluid, and urine, as well as antiflavivirus antibody assays.

RESULTS
A total of 66 patients (97%) had symptoms compatible with ZIKV infection before 
the onset of the Guillain–Barré syndrome. The median period between the onset 
of symptoms of ZIKV infection and symptoms of the Guillain–Barré syndrome was 
7 days (interquartile range, 3 to 10). Among the 68 patients with the Guillain–Barré 
syndrome, 50% were found to have bilateral facial paralysis on examination. Among 
46 patients in whom nerve-conduction studies and electromyography were performed, 
the results in 36 patients (78%) were consistent with the acute inflammatory de-
myelinating polyneuropathy subtype of the Guillain–Barré syndrome. Among the 
42 patients who had samples tested for ZIKV by RT-PCR, the results were positive in 
17 patients (40%). Most of the positive RT-PCR results were in urine samples (in 16 
of the 17 patients with positive RT-PCR results), although 3 samples of cerebrospinal 
fluid were also positive. In 18 of 42 patients (43%) with the Guillain–Barré syndrome 
who underwent laboratory testing, the presence of ZIKV infection was supported by 
clinical and immunologic findings. In 20 of these 42 patients (48%), the Guillain–
Barré syndrome had a parainfectious onset. All patients tested were negative for 
dengue virus infection as assessed by RT-PCR.

CONCLUSIONS
The evidence of ZIKV infection documented by RT-PCR among patients with the Guil-
lain–Barré syndrome during the outbreak of ZIKV infection in Colombia lends sup-
port to the role of the infection in the development of the Guillain–Barré syndrome. 
(Funded by the Bart McLean Fund for Neuroimmunology Research and others.)
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Zika virus (ZIKV), a mosquito-borne 
RNA flavivirus, has caused a major out-
break in the Americas that began in 2014.1 

ZIKV infection manifests as a self-limited febrile 
syndrome associated with rash, conjunctivitis, 
and arthralgias.2-4 In 2013 and 2014, an increase 
in the number of cases of the Guillain–Barré 
syndrome was observed during an outbreak of 
ZIKV infection in French Polynesia.5,6 Recently, 
clusters of the Guillain–Barré syndrome and 
microcephaly have been spatially and temporally 
related to the current outbreak of ZIKV infection 
in the Americas.7 In Colombia, the government 
reported the first autochthonous case of ZIKV 
infection in October 2015.8 In December 2015, 
the Colombian Instituto Nacional de Salud (INS) 
documented an unusual number of cases of the 
Guillain–Barré syndrome in the Caribbean and 
the northeastern regions of Colombia. By Janu-
ary 2016, the outbreak of ZIKV infection had 
spread to most regions of Colombia. Concomi-
tantly, an increase in the number of neuroin-
flammatory disorders was reported.7 Here, we 
describe an observational clinical and virologic 
study of the Guillain–Barré syndrome cases 
that were evaluated in the context of the ZIKV 
outbreak in Colombia, which further supports 
the association between ZIKV infection and the 
Guillain–Barré syndrome — in particular, the 
acute inflammatory demyelinating polyneurop-
athy (AIDP) form of the syndrome.

Me thods

Study Population and Design

During the outbreak of ZIKV infection in Colom-
bia, all patients in whom the Guillain–Barré syn-
drome was diagnosed at six university-based 
centers from January through March of 2016 were 
evaluated prospectively as part of the Neurovi-
ruses Emerging in the Americas Study (NEAS) 
(see the Supplementary Appendix, available with 
the full text of this article at NEJM.org). Patients 
underwent clinical and neurologic evaluation by 
internal medicine and neurology specialists. Nerve-
conduction studies and electromyography were 
performed as part of the standard of care, and 
the results were classified in accordance with 
previously established criteria.9,10 Samples of blood 
and cerebrospinal fluid (CSF) were obtained as 
part of the standard of care and, when available, 
aliquots of these samples along with urine were 

used for virologic testing for ZIKV infection. The 
clinical and laboratory information was docu-
mented with the use of standardized question-
naires (NEAS forms), as well as the Spanish ver-
sion of the evaluation form of the International 
GBS Outcome Study (IGOS) (see the Supplemen-
tary Appendix). The diagnosis of the Guillain–
Barré syndrome was based on the Brighton Col-
laboration GBS Working Group criteria.11 Brighton 
criteria levels indicate the certainty of a diagnosis 
of the Guillain–Barré syndrome. Level 1, in which 
the diagnosis is supported by nerve-conduction 
studies and the presence of albuminocytologic 
dissociation in CSF, indicates the highest degree 
of certainty. A level 2 diagnosis is supported by 
either a CSF white-cell count of less than 50 cells 
per cubic millimeter (with or without an elevated 
protein level) or nerve-conduction studies con-
sistent with the Guillain–Barré syndrome (if the 
CSF white-cell count is unavailable). A level 3 di-
agnosis is based on clinical features without sup-
port from nerve-conduction or CSF studies.

Because all the patients with the Guillain–
Barré syndrome we studied were residing in ar-
eas that were endemic for mosquito-borne virus 
transmission, their illnesses were suspected to 
be associated with ZIKV disease as defined by 
the Pan American Health Organization (PAHO).12 
In patients with a diagnosis of the Guillain–Barré 
syndrome fitting level 1, 2, or 3 of the Brighton 
criteria, the diagnosis of ZIKV infection was de-
fined as definite, probable, or suspected. Definite 
cases of ZIKV infection were those that were con-
firmed by a positive real-time reverse-transcrip-
tase–polymerase-chain-reaction (RT-PCR) assay for 
ZIKV RNA in blood, CSF, or urine. Probable cases 
were those that were characterized by positive 
results of enzyme-linked immunosorbent assays 
(ELISAs) for antiflavivirus antibodies in the CSF, 
serum, or both but negative results of RT-PCR 
for ZIKV and for the four dengue virus (DENV) 
serotypes. Suspected cases were characterized by 
a clinical syndrome compatible with ZIKV infec-
tion with two or more features of the PAHO case 
definition12 (rash, fever, nonpurulent conjuncti-
vitis, arthralgia, myalgia, and periarticular ede-
ma) without laboratory confirmation. To charac-
terize the temporal profile of the disorder, the 
onset of suspected ZIKV infection was defined 
as the day of onset of systemic symptoms out-
lined in the case definition. The onset of neuro-
logic symptoms was defined as the first day of 
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onset of limb weakness, sensory symptoms, facial 
paralysis, or other neurologic symptoms.

Laboratory Testing

Virologic testing was performed at the Virology 
Laboratory, Universidad del Valle, Cali, Colombia. 
The TaqMan RT-PCR assay used for the diagno-
sis of ZIKV infection was based on a protocol 
from Lanciotti and colleagues.13 Serum, CSF, and 
urine were considered to be positive for ZIKV if 
the two distinct genomic regions targeted by the 
RT-PCR were amplified. Serum and CSF samples 
were also tested for the four DENV serotypes by 
means of nested RT-PCR.14,15 DENV IgM-capture 
and IgG-capture ELISAs (Panbio Diagnostics) were 
performed to detect the presence of flavivirus 
cross-reactive antibodies. A patient was defined 
as having had a recent flavivirus infection if an 
ELISA for IgM or IgG was positive in any of the 
examined fluids.16 To determine the presence of 
ZIKV infectious particles, viral isolates were ob-
tained from ZIKV RT-PCR–positive serum and 
urine samples from four patients and cultured in 
C6/36 Aedes albopictus cell and Vero cell lines. In-
oculated cells were cultured for at least 14 days, 
with imaging performed once daily by micros-
copy to assess cytopathic changes,17 and the cul-
ture supernatants were tested for ZIKV by RT-PCR 
(details are provided in the Supplementary Ap-
pendix).

Study Oversight

The study protocol was approved by the institu-
tional review board at the Johns Hopkins Univer-
sity School of Medicine and by the ethics com-
mittee at each participating center. The ethics 
committee of each participating center provided 
research guidelines, and either oral or written 
consent was obtained from all patients.

R esult s

Epidemiologic Surveillance of ZIKV Infection 
and the Guillain–Barré Syndrome in Colombia

From October 2015 through March 2016, there 
were 2603 laboratory-confirmed ZIKV infections 
in Colombia and more than 58,790 suspected 
cases. In addition, there were 401 patients with a 
neurologic syndrome who had a history of ZIKV 
infection; 270 of the cases (67%) corresponded to 
the Guillain–Barré syndrome18 (Fig. 1). On the ba-
sis of data from the registry of individual records 

of health care services, the INS estimated that 
approximately 250 cases of the Guillain–Barré 
syndrome per year occurred in the whole coun-
try between 2009 and 2015, for a mean of ap-
proximately 20 cases per month (unpublished 
data). The frequency was increased relative to 
that baseline rate during the ZIKV outbreak, 
during which more than 270 cases of the Guil-
lain–Barré syndrome were registered up to epi-
demiologic week 12 of 2016, for a mean of ap-
proximately 90 cases per month.19 (In a given year, 
epidemiologic week 1 ends on the first Saturday in 
January, as long as it falls at least 4 days into the 
month.) According to surveillance data from the 
INS, DENV had circulated in Colombia during 
the last decade and caused periodic outbreaks. A 
chikungunya virus outbreak occurred in the re-
gion during most of 2015 (see the Supplemen-
tary Appendix). However, it was not until the 
end of 2015 and the beginning of 2016 that 
ZIKV was first introduced to the region, and this 
period coincided with the first documented in-
crease in the incidence of the Guillain–Barré syn-
drome (Fig. 1).

Clinical Features

A total of 68 patients who fulfilled the Brighton 
criteria for the Guillain–Barré syndrome and re-
lated variants and presented to the participating 
centers were included: 56 patients (82%) fulfilled 
level 1 or 2 criteria on the basis of evidence from 
CSF analysis, neurophysiological studies, or both. 
Four patients (6%) had the Miller Fisher syndrome, 
and 2 patients (3%) had other Guillain–Barré syn-
drome variants (bilateral facial palsy with areflexia 
and a pure sensory syndrome). The median age 
of the patients was 47 years (interquartile range, 
35 to 57), 38 patients (56%) were male, and 61 
patients (90%) were of mixed race. A total of 66 
patients (97%) had symptoms of ZIKV infection 
in the 4 weeks preceding the onset of neuro-
logic symptoms (Table 1, and Table S1 in the 
Supplementary Appendix). Two patients did not 
report having had any systemic symptoms be-
fore the onset of the Guillain–Barré syndrome 
but were residents of a region affected by the 
ZIKV infection outbreak. The median duration 
of symptoms of ZIKV infection was 4 days; the 
condition manifested mainly with fever (in 69% 
of the patients), rash (59%), headaches (34%), 
myalgias (34%), nonpurulent conjunctivitis (25%), 
and arthralgias (22%). The median time between 
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the onset of the ZIKV infection symptoms and the 
onset of the Guillain–Barré syndrome was 7 days 
(interquartile range, 3 to 10).

The clinical and laboratory features of the 
patients with the Guillain–Barré syndrome are 
summarized in Table 2, and in Table S2 in the 
Supplementary Appendix. The symptoms at pre-
sentation included limb weakness (97%), pares-
thesias (76%), and facial palsy (32%). A total of 
56 patients (82%) reported an ascending pattern 

of weakness. On neurologic examination, the me-
dian Medical Research Council (MRC) sum score 
(which indicates muscle strength in 12 different 
muscle groups and ranges from 0 to 60, with 
higher scores indicating more preserved muscle 
strength) was 40 (interquartile range, 26 to 47).20 
Cranial neuropathies were present in 43 patients, 
with bilateral facial palsy being the most common 
(in 50% of the 68 patients). Autonomic dysfunction 
was present in 21 patients (31%). A total of 40 pa-

Figure 1. Cases of ZIKV Infection and the Guillain–Barré Syndrome in Colombia.

Panel A shows a map of Colombia with Neuroviruses Emerging in the Americas Study (NEAS) participating sites in 
the context of the Zika virus (ZIKV) infection outbreak. Numbers of confirmed cases of ZIKV infection from epide-
miologic week 32 of 2015 through week 12 of 2016 are shown. Panel B shows the cases of the Guillain–Barré syn-
drome that were diagnosed in parallel with ZIKV cases reported to the Colombian National Institute of Health and 
epidemiological surveillance system in Colombia from October 2015 through March 2016.
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tients (59%) were admitted to intensive care units, 
and 31% of all patients required mechanical venti-
lation. Treatment was administered to 46 patients 
(68%); intravenous immune globulin was the most 
commonly used treatment (62% of the 68 patients). 
Three patients (4%) died after respiratory failure 
and sepsis. The median modified Rankin score 
(which indicates the severity of disability and 
ranges from 0 to 6, with 0 indicating no symptoms 
and 6 indicating death) at nadir was 4 (interquar-
tile range, 3 to 5).

Nerve-conduction studies and electromyogra-
phy were performed with the use of standard tech-
niques in 46 patients (68%). In accordance with 
published criteria,9,10 36 patients (78% of the 46 
patients) were determined to have the AIDP sub-
type of the Guillain–Barré syndrome, 1 patient 
(2%) had the acute motor axonal neuropathy 
(AMAN) subtype, and 4 patients (9%) had equivo-
cal studies that did not allow a subtype classifi-
cation (Table 2). No abnormalities were noted in 
hematologic testing performed at admission. CSF 

Characteristic
Value 

(N = 68)

Median age (interquartile range) — yr 47 (35–57)

Male sex — no. (%) 38 (56)

General symptoms before the onset of the Guillain–Barré syndrome — no. (%) 66 (97)

Fever 47 (69)

Rash 40 (59)

Headache 23 (34)

Myalgia 23 (34)

Conjunctivitis 17 (25)

Arthralgia 15 (22)

Diarrhea 6 (9)

Median duration of ZIKV infection symptoms (interquartile range) — days 4 (3–5)

Median time from onset of ZIKV infection symptoms to onset of the Guillain–Barré syndrome 
(interquartile range) — days

7 (3–10)

ZIKV infection diagnostic category — no. (%)*

Definite 17 (25)

Probable 18 (26)

Suspected 33 (49)

Neurologic diagnosis — no. (%)†

Guillain–Barré syndrome Brighton criteria level 1 30 (44)

Guillain–Barré syndrome Brighton criteria level 2 26 (38)

Guillain–Barré syndrome Brighton criteria level 3 6 (9)

Miller Fisher syndrome 4 (6)

Other Guillain–Barré syndrome variant 2 (3)

*  The diagnosis of Zika virus (ZIKV) infection was defined as definite (positive real-time reverse-transcriptase–poly-
merase-chain-reaction [RT-PCR] assay for ZIKV RNA in blood, CSF, or urine), probable (positive enzyme-linked immu-
nosorbent assays [ELISAs] for antiflavivirus antibodies in the cerebrospinal fluid [CSF], serum, or both but negative re-
sults of RT-PCR for ZIKV and for the four dengue virus [DENV] serotypes), or suspected (clinical syndrome compatible 
with ZIKV infection with two or more features of the Pan American Health Organization case definition12 without labo-
ratory confirmation).

†  Brighton criteria levels indicate the certainty of a diagnosis of the Guillain–Barré syndrome. A level 1 diagnosis is sup-
ported by nerve-conduction studies and the presence of albuminocytologic dissociation in CSF and indicates the high-
est degree of certainty. A level 2 diagnosis is supported by either a CSF white-cell count of less than 50 cells per cubic 
millimeter (with or without an elevated protein level) or nerve-conduction studies consistent with the Guillain–Barré 
syndrome (if the CSF white-cell count is unavailable). A level 3 diagnosis is based on clinical features without support 
from nerve-conduction or CSF studies.

Table 1. Clinical and Demographic Characteristics of the 68 Patients with the Guillain–Barré Syndrome.
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analysis was performed in 55 patients (81%); the 
median white-cell count was 0 cells per cubic mil-
limeter (interquartile range, 0 to 2.5), and the 
median protein concentration was 116 mg per 
deciliter (interquartile range, 67 to 171). A total of 
45 patients (82%) had albuminocytologic disso-
ciation in CSF, indicated by increased protein 

levels (>52 mg per deciliter) in the absence of 
pleocytosis (<10 cells per cubic millimeter).

Laboratory Tests for ZIKV Infection

Of the 68 patients, 42 (62%) underwent testing 
for ZIKV by RT-PCR in at least one of three bio-
logic samples: urine (24 patients), serum (31 pa-

Finding
Value 

(N = 68)

Neurologic symptoms on admission — no. (%)

Limb weakness 66 (97)

Ascending paralysis 56 (82)

Paresthesias 52 (76)

Facial palsy 22 (32)

Results of neurologic examination

Cranial neuropathy — no. (%)

Any 43 (63)

Bilateral facial nerve 34 (50)

Bulbar cranial nerves 15 (22)

Cranial nerves III, IV, and VI 7 (10)

Median MRC sum score at admission (interquartile range)† 40 (26–47)

Areflexia or hyporeflexia — no. (%) 64 (94)

Sensory deficit — no. (%) 17 (25)

Severity of illness

Admitted to the ICU — no. (%) 40 (59)

Required mechanical ventilation — no. (%) 21 (31)

Had any autonomic dysfunction — no. (%) 21 (31)

Median modified Rankin score at nadir (interquartile range)‡ 4 (3–5)

Died — no. (%) 3 (4)

Results of CSF analysis

Increased protein level — no./total no. (%)§ 45/55 (82)

Median white-cell count (interquartile range) — cells/mm3 0 (0–2.5)

Results of nerve-conduction studies and EMG — no./total no. (%)

AIDP 36/46 (78)

Equivocal 4/46 (9)

Normal 2/46 (4)

Inexcitable 3/46 (7)

AMAN 1/46 (2)

*  AIDP denotes acute inflammatory demyelinating polyneuropathy, AMAN acute motor axonal neuropathy, EMG electro-
myography, and ICU intensive care unit.

†  The Medical Research Council (MRC) sum score indicates muscle strength in 12 different muscle groups; scores range 
from 0 to 60, with higher scores indicating more preserved muscle strength.

‡  The modified Rankin score is a measure of the severity of disability and ranges from 0 to 6, with 0 indicating no symp-
toms and 6 indicating death.

§  A protein level higher than 52 mg per deciliter was considered to be increased.

Table 2. Clinical and Laboratory Findings in the 68 Patients with the Guillain–Barré Syndrome.*
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tients), and CSF (30 patients) (Fig. 2 and Table 3, 
and Fig. S1 in the Supplementary Appendix). A 
total of 17 patients (40%) tested positive for ZIKV 
by RT-PCR; most of the positive results were in 
urine samples (16 patients). Three patients had 
positive ZIKV RT-PCR results in CSF (Fig. S2 in 
the Supplementary Appendix); only 1 patient had 
a positive result in serum, and this patient’s se-
rum remained positive at 31 days after the onset 
of ZIKV infection (Patient 29 in Fig. 2B). The 
median time from the onset of the symptoms of 
viral illness to the collection of the first ZIKV-
positive urine sample was 16.5 days (interquartile 
range, 11.5 to 19.7), with 1 patient remaining 
positive at 48 days after onset (Patient 29 in 
Fig. 2B). The results of RT-PCR for all four DENV 
serotypes were negative in the 39 patients tested.

ZIKV was cultured from the serum and urine 
of Patient 29 and from the urine of Patients 32 
and 36 (Fig. 2B) in C6/36 and Vero cell lines. The 
presence of ZIKV in the culture supernatants 
was confirmed by RT-PCR. Light microscopic 
imaging showed cytopathic changes consistent 
with flavivirus infection (Fig. S3 in the Supple-
mentary Appendix). The profile of antiflavivirus 
antibodies is shown in Table 3 and Figure 2A, 
and in Table S3 in the Supplementary Appendix. 
A total of 32 of the 37 patients with the Guil-
lain–Barré syndrome who were tested (86%) had 
evidence of a recent flavivirus infection, as indi-
cated by the presence of cross-reactive IgM or 
IgG antiflavivirus antibodies. The pattern of 
expression of antiflavivirus antibodies stratified 
according to the results of the ZIKV RT-PCR is 
shown in Table S3 in the Supplementary Appen-
dix. On the basis of clinical profiles and labora-
tory testing, the diagnosis of ZIKV infection was 
classified as definite in 17 patients, probable in 
18 patients, and suspected in 33 patients (Tables 
1 and 3).

Temporal Profile of the Guillain–Barré 
Syndrome Cases with Laboratory Testing

Of the 68 patients with the Guillain–Barré syn-
drome, 42 underwent laboratory testing for the 
identification of ZIKV infection. Figure 2 shows 
the laboratory and clinical temporal profiles of the 
infection in these 42 patients. The period from the 
onset of symptoms of ZIKV infection to the on-
set of neurologic symptoms and the time to nadir 
is outlined for each case. Two patients did not 
have any symptoms of ZIKV infection preceding 

the neurologic symptoms, and 2 patients had 
simultaneous onset of ZIKV infection and neuro-
logic symptoms. A total of 20 patients (48%) in 
this group had a rapid onset of neurologic symp-
toms without an asymptomatic period after ZIKV 
infection symptoms (parainfectious onset), where-
as the other patients had a variable asymptomatic 
period between ZIKV infection and the onset of 
neurologic symptoms (postinfectious onset).

Discussion

The identification of the ZIKV genome by RT-PCR 
in biologic samples from 17 patients with the Guil-
lain–Barré syndrome, together with the presence 
of immune responses (IgG, IgM, or both) to fla-
viviruses in the CSF in most of the patients tested, 
supports the involvement of ZIKV in these cases 
of the Guillain–Barré syndrome during the out-
break of ZIKV infection in Colombia. In addition, 
the clinical features of a preceding viral illness 
consistent with ZIKV infection and the evidence 
indicating that DENV infection was not present 
(i.e., negative RT-PCR results for the four DENV 
serotypes and the absence of laboratory features 
typical of DENV infections) are also supportive 
of such a relationship. However, the fact that 
there are cross-reactive antiflavivirus antibodies 
between DENV and ZIKV complicates the sero-
logic assessment. The increase in cases of the 
Guillain–Barré syndrome during the time of the 
ZIKV outbreak in Colombia and the absence of 
such an increase while DENV and chikungunya 
virus were circulating within the region in previ-
ous years21-23 provides epidemiologic evidence of 
the link between ZIKV infection and the Guil-
lain–Barré syndrome. Before our study, the most 
compelling evidence of an association between 
the Guillain–Barré syndrome and ZIKV infection 
came from a case–control study conducted dur-
ing the 2013–2014 ZIKV outbreak in French Poly-
nesia. In that study, 42 patients with the Guil-
lain–Barré syndrome had serologic evidence of 
recent flavivirus infection.5

The clinical features of the Guillain–Barré 
syndrome that were observed during the Colom-
bian outbreak of ZIKV infection, including a 
preceding viral illness of short duration (medi-
an, 4 days) in 97% of the patients, are similar to 
those described in French Polynesia.5 Similar to 
the symptoms seen in patients who had the 
Guillain–Barré syndrome during the ZIKV infec-
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tion outbreak in French Polynesia, the neuro-
logic symptoms at presentation in the patients 
in our series consisted of ascending limb weak-
ness (82%), paresthesias (76%), and facial palsy 
(32%). In our study, 46 patients (68%) underwent 
electrophysiological studies, and the results of 

these studies were consistent with the AIDP 
form of the Guillain–Barré syndrome in 78% of 
these patients. This observation is consistent 
with the more classical presentation of the Guil-
lain–Barré syndrome and contrasts with the 
AMAN form described from French Polynesia,5 a 
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finding that may reflect a variable clinical phe-
notype of ZIKV-associated Guillain–Barré syn-
drome, evolutionary changes of the virus, or 
host-dependent factors in the two countries.

In our study, an analysis of the manifestation 
of neurologic symptoms among the patients 
with a diagnosis of definite or probable ZIKV 
infection suggests that the temporal profile of 
neurologic symptoms does not follow the classi-
cal postinfectious profile of the Guillain–Barré 
syndrome that is associated with other condi-
tions, such as Campylobacter jejuni infection.10,24-26 
Although the overall median time from the on-
set of the viral syndrome to the Guillain–Barré 
syndrome in our study was similar to that 
among cases in French Polynesia5 (7 and 6 days, 
respectively), an analysis of the temporal profile 
of the illnesses in the 42 patients who under-
went laboratory testing showed that 20 patients 
(48%) had neurologic symptoms during or im-

mediately after the viral syndrome associated with 
ZIKV infection. These observations suggest that 
in cases of the Guillain–Barré syndrome associated 
with ZIKV infection, the Guillain–Barré syndrome 
may follow the pattern of a parainfectious disor-
der rather than the classic postinfectious pro-
file.24,26 The reason for this is uncertain, but 
possible explanations include the following: that 
ZIKV starts a process of immune molecular mim-
icry against nervous system antigens before the 
clinical symptoms of viral infection are mani-
fested, that ZIKV produces immune dysregula-
tion that leads to the Guillain–Barré syndrome 
through a mechanism or mechanisms not relat-
ed to molecular mimicry, that ZIKV produces a 
hyperacute immune response, or that there are 
direct viral neuropathogenic mechanisms that 
are as yet unknown for the Guillain–Barré syn-
drome. Although the presence of ZIKV in the 
CSF and the replicating capability of the virus in 
three cases may suggest a ZIKV neuroinvasive 
process in the Guillain–Barré syndrome, more 
studies are needed to assess such a mechanism.

Another important observation in our study 
is the finding that in patients with the Guillain–
Barré syndrome and definite ZIKV infection, 
there is a prolonged period of viruria, which 
persists for days after the viral syndrome is over. 
Although the frequency of detection of ZIKV 
genome in CSF and serum was low, the higher 
frequency of detection of ZIKV in urine makes 
this biologic sample one that can be considered 
potentially useful for the diagnosis of ZIKV in-
fection. In our study, the median time between 
the onset of ZIKV infection symptoms to collec-
tion of the first urine sample that tested positive 
was 16.5 days, and in one of our patients, ZIKV 
viruria was observed up to 48 days after the 
onset of the viral syndrome. These observations 
are consistent with reported cases of prolonged 
ZIKV viruria in patients with the Guillain–Barré 
syndrome.27

We also found a potential relationship be-
tween the Guillain–Barré syndrome in associa-
tion with ZIKV infection and previous exposure 
to DENV infection. A total of 32 of the 37 pa-
tients (86%) with the Guillain–Barré syndrome 
who were tested for antiflavivirus antibodies 
had evidence of a recent flavivirus infection, as 
indicated by positivity for antiflavivirus cross-
reactive IgM antibodies, IgG antibodies, or both. 
The antibody titers detected by the IgG-capture 

Figure 2 (facing page). Laboratory Testing and Tempo-
ral Profiles of Illness in 42 Patients with the Guillain–
Barré Syndrome during the ZIKV Infection Outbreak  
in Colombia.

Panel A shows the results of testing for flavivirus in-
fection in various biologic samples from the 42 pa-
tients who underwent laboratory testing. Results of 
TaqMan reverse-transcriptase (RT)–polymerase-chain-
reaction (PCR) assays for ZIKV and of IgM and IgG 
enzyme-linked immunosorbent assays for antiflavivi-
rus antibodies are shown for each patient. The diagno-
sis of ZIKV infection was defined as definite (positive 
real-time RT-PCR assay for ZIKV RNA in blood, CSF, or 
urine), probable (positive enzyme-linked immunosor-
bent assays [ELISAs] for antiflavivirus antibodies in the 
cerebrospinal fluid [CSF], serum, or both but negative 
results of RT-PCR for ZIKV and for the four dengue vi-
rus serotypes), or suspected (clinical syndrome com-
patible with ZIKV infection with two or more features 
of the Pan American Health Organization case defini-
tion12 without laboratory confirmation). Panel B shows 
the temporal profile of clinical symptoms and results 
of ZIKV RT-PCR testing in patients with the Guillain–
Barré syndrome. The bars represent the duration in 
days of the various periods of the clinical profile and 
the timeline of illness for each of the 42 patients who 
underwent virologic testing. The period of systemic 
symptoms of ZIKV infection in some patients overlaps 
with or is immediately followed by the onset of neuro-
logic symptoms; in other patients, there is an asymp-
tomatic period preceding the onset of neurologic 
symptoms. Two patients (Patients 29 and 40) died 
from respiratory and infection complications. Num-
bers of patients with definite ZIKV infection are shown 
in red.
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ELISA are consistent with an anamnestic response 
to DENV (see the Supplementary Appendix). These 
data, along with negative DENV RT-PCR results, 
suggest that these patients had previously been 
exposed to DENV and that the ZIKV infection 
may have been a secondary flavivirus infection. 
There were 5 patients with the Guillain–Barré syn-
drome who had no detectable flavivirus antibod-
ies; these patients may have had a primary flavi-
virus infection with ZIKV,13 as is suggested by 
the negative antibody profile of one patient who 
tested positive for ZIKV by RT-PCR in urine.

Our study provides virologic evidence of ZIKV 
infection in patients with the Guillain–Barré syn-
drome in Colombia. The onset of the Guillain–
Barré syndrome can parallel the onset of sys-
temic manifestations of ZIKV infection, indicating 
a so-called parainfectious onset, which suggests 

that factors different from the known postinfec-
tious mechanisms may be present in ZIKV-related 
Guillain–Barré syndrome. Most of the patients 
had the AIDP form of the Guillain–Barré syn-
drome. Our results indicate that RT-PCR testing 
of urine is a valuable diagnostic tool for the iden-
tification of ZIKV infection in patients with the 
Guillain–Barré syndrome.

Supported by the Bart McLean Fund for Neuroimmunology 
Research; Johns Hopkins Project Restore; and VIREM, Virology 
Laboratory Fund, Department of Microbiology, Universidad del 
Valle.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

We thank the patients and their families, members of the 
Colombian Association of Neurologists, Nancy Bustos, Diana 
Patricia Murillo, Liliana Soto, Melissa Pelaez, Constanza Nuñez, 
the staff of the Laboratorio Clínico Especializado AIDA Ascenc-
io and BioSystems for technical support, and Kiran Thakur, 
Avindra Nath, and Alvaro Muñoz for their valuable comments.

References
1. Gatherer D, Kohl A. Zika virus: a pre-
viously slow pandemic spreads rapidly 
through the Americas. J Gen Virol 2016; 
97: 269-73.
2. Simpson DI. Zika virus infection in 
man. Trans R Soc Trop Med Hyg 1964; 
58: 335-8.
3. Musso D, Gubler DJ. Zika virus. Clin 
Microbiol Rev 2016; 29: 487-524.

4. Petersen LR, Jamieson DJ, Powers 
AM, Honein MA. Zika virus. N Engl J Med 
2016; 374: 1552-63.
5. Cao-Lormeau VM, Blake A, Mons S, et 
al. Guillain-Barré syndrome outbreak asso-
ciated with Zika virus infection in French 
Polynesia: a case-control study. Lancet 2016; 
387: 1531-9.
6. Oehler E, Watrin L, Larre P, et al. Zika 

virus infection complicated by Guillain-
Barre syndrome — case report, French Poly-
nesia, December 2013. Euro Surveill 2014; 19.
7. Zika virus microcephaly and Guillain-
Barré syndrome: situation report, 4 
March 2016. Geneva:  World Health Orga-
nization, 2016 (http://apps .who .int/ iris/ 
bitstream/ 10665/ 204526/ 2/ zikasitrep 
_4Mar2016_eng .pdf).

Test Patients Tested
Patients with 

 Positive Result
Patients with 

 Negative Result

no. no. (%)

TaqMan RT-PCR for ZIKV

Any fluid 42 17 (40) 25 (60)

Serum 31 1 (3) 30 (97)

CSF 30 3 (10) 27 (90)

Urine 24 16 (67) 8 (33)

Nested RT-PCR for DENV

Any fluid 39 0 39 (100)

Serum 29 0 29 (100)

CSF 10 0 10 (100)

Antiflavivirus antibody ELISA

IgM or IgG in any fluid 37 32 (86) 5 (14)

IgM in serum 28 9 (32) 19 (68)

IgG in serum 28 23 (82) 5 (18)

IgM in CSF 27 5 (19) 22 (81)

IgG in CSF 27 25 (93) 2 (7)

Table 3. Laboratory Studies for the Investigation of Flavivirus Infection in 42 Patients with the Guillain–Barré Syndrome.

The New England Journal of Medicine 
Downloaded from nejm.org on October 6, 2016. For personal use only. No other uses without permission. 

 Copyright © 2016 Massachusetts Medical Society. All rights reserved. 



n engl j med  nejm.org 11

Guillain–Barré Syndrome Associated with Zik a Virus Infection

8. MinSalud confirma primeros nueve 
casos de Zika en Colombia. Bogota:  Min-
isterio de Salud Colombia, October 16, 
2015 (https:/ / www .minsalud .gov .co/  
Paginas/ Confirmados-primeros-casos-de 
-virus-del-zika-en-Colombia .aspx).
9. Hadden RD, Cornblath DR, Hughes 
RA, et al. Electrophysiological classifica-
tion of Guillain-Barré syndrome: clinical 
associations and outcome. Ann Neurol 
1998; 44: 780-8.
10. Ho TW, Mishu B, Li CY, et al. Guil-
lain-Barré syndrome in northern China: 
relationship to Campylobacter jejuni in-
fection and anti-glycolipid antibodies. 
Brain 1995; 118: 597-605.
11. Sejvar JJ, Kohl KS, Gidudu J, et al. 
Guillain-Barré syndrome and Fisher syn-
drome: case definitions and guidelines for 
collection, analysis, and presentation of 
immunization safety data. Vaccine 2011; 
29: 599-612.
12. Zika: case definitions. Washington, DC:  
Pan American Health Organization, April 1, 
2016 (http://www .paho .org/ hq/ index .php? 
option=com_content&view=article&id 
=11117&itemid=41532&lang=en).
13. Lanciotti RS, Kosoy OL, Laven JJ, et al. 
Genetic and serologic properties of Zika 
virus associated with an epidemic, Yap 
State, Micronesia, 2007. Emerg Infect Dis 
2008; 14: 1232-9.
14. Lanciotti RS, Calisher CH, Gubler DJ, 
Chang GJ, Vorndam AV. Rapid detection 
and typing of dengue viruses from clinical 

samples by using reverse transcriptase-
polymerase chain reaction. J Clin Micro-
biol 1992; 30: 545-51.
15. Osorio L, Ramirez M, Bonelo A, Villar 
LA, Parra B. Comparison of the diagnostic 
accuracy of commercial NS1-based diag-
nostic tests for early dengue infection. 
Virol J 2010; 7: 361.
16. Vaughn DW, Nisalak A, Solomon T, et 
al. Rapid serologic diagnosis of dengue 
virus infection using a commercial cap-
ture ELISA that distinguishes primary 
and secondary infections. Am J Trop Med 
Hyg 1999; 60: 693-8.
17. Gubler DJ, Kuno G, Sather GE, Velez 
M, Oliver A. Mosquito cell cultures and 
specific monoclonal antibodies in sur-
veillance for dengue viruses. Am J Trop 
Med Hyg 1984; 33: 158-65.
18. Semana epidemiológica número 12 de 
2016. Bogota:  Instituto Nacional de Salud 
Colombia, March 20–26, 2016 (http://
www .ins .gov .co/ boletin-epidemiologico/ 
Boletn%20Epidemiolgico/ 2016%20
Bolet%C3%ADn%20epidemiol% 
C3%B3gico%20semana%2012 .pdf).
19. Semana epidemiológica número 9 de 
2016. Bogota:  Instituto Nacional de 
Salud Colombia, February 28–March 5, 
2016 (http://www .ins .gov .co/ boletin 
-epidemiologico/ Boletn%20Epidemiolgico/  
2016%20Bolet%C3%ADn%20epidemiol% 
C3%B3gico%20semana%209 .pdf).
20. Kleyweg RP, van der Meché FG, 
Schmitz PI. Interobserver agreement in 

the assessment of muscle strength and 
functional abilities in Guillain-Barré syn-
drome. Muscle Nerve 1991; 14: 1103-9.
21. Suryapranata FS, Ang CW, Chong LL, 
Murk JL, Falconi J, Huits RM. Epidemiol-
ogy of Guillain-Barré syndrome in Aruba. 
Am J Trop Med Hyg 2016; 94: 1380-4.
22. Oehler E, Fournier E, Leparc-Goffart 
I, et al. Increase in cases of Guillain-Barré 
syndrome during a Chikungunya outbreak, 
French Polynesia, 2014 to 2015. Euro Sur-
veill 2015; 20: 30079.
23. Gonzalez G, Galvan A, Zabaleta MA, 
Vargas N. Síndrome de Guillain Barré 
causado por el virus del dengue: a propósi-
to de dos casos. Acta Neurol Colombiana 
2015; 31: 54-9.
24. Willison HJ, Jacobs BC, van Doorn PA. 
Guillain-Barré syndrome. Lancet 2016; 
388: 717-27.
25. Islam Z, Gilbert M, Mohammad QD, 
et al. Guillain-Barré syndrome-related 
Campylobacter jejuni in Bangladesh: gan-
glioside mimicry and cross-reactive anti-
bodies. PLoS One 2012; 7(8): e43976.
26. Hadden RD, Karch H, Hartung HP, et 
al. Preceding infections, immune factors, 
and outcome in Guillain-Barré syndrome. 
Neurology 2001; 56: 758-65.
27. Rozé B, Najioullah F, Fergé JL, et al. 
Zika virus detection in urine from pa-
tients with Guillain-Barré syndrome on 
Martinique, January 2016. Euro Surveill 
2016; 21: 21.
Copyright © 2016 Massachusetts Medical Society.

The New England Journal of Medicine 
Downloaded from nejm.org on October 6, 2016. For personal use only. No other uses without permission. 

 Copyright © 2016 Massachusetts Medical Society. All rights reserved. 


