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a  b  s  t  r  a  c  t

Neurological  adverse  events  following  administration  of  the  17DD  substrain  of yellow  fever  vaccine  (YEL-
AND) in  the  Brazilian  population  are  described  and  analyzed.  Based  on  information  obtained  from  the
National  Immunization  Program  through  passive  surveillance  or intensified  passive  surveillance,  from
2007  to 2012,  descriptive  analysis,  national  and  regional  rates  of  YFV  associated  neurotropic,  neurolog-
ical  autoimmune  disease,  and  reporting  rate  ratios  with  their  respective  95%  confidence  intervals  were
calculated  for first time  vaccines  stratified  on  age  and  year.  Sixty-seven  neurological  cases  were  found,
with  the  highest  rate  of neurological  adverse  events  in  the  age  group  from  5 to  9 years  (2.66  per 100,000
dverse event
eurological disease
eurotropic disease
eurological autoimmune disease

vaccine  doses  in Rio  Grande  do  Sul state,  and  0.83 per  100,000  doses  in national  analysis).  Two  cases  had
a  combination  of  neurotropic  and autoimmune  features.  This  is  the largest  sample  of  YEL-AND  already
analyzed.  Rates  are  similar  to other  recent  studies,  but on  this  study  the  age  group  from  5  to  9  years  of
age  had  the highest  risk.  As  neurological  adverse  events  have  in  general  a good  prognosis,  they  should

e  of  y
not  contraindicate  the  us
Please cite this article in press as: Martins RdM, et al. Adverse events
neurological cases in Brazil. Vaccine (2014), http://dx.doi.org/10.1016

Abbreviations: ADEM, acute disseminated encephalomyelitis; AEFI, adverse
vent following immunization; CDC, Centers for Disease and Control, USA; CSF,
erebrospinal fluid; CIFAVI, Interinstitutional Committee for Evaluation of Adverse
vents at the Brazilian Ministry of Health; CT, computed tomography; NIP, National
mmunizations Program; YFV, yellow fever vaccine; YFV-17D, yellow fever vaccine,
7D substrain; YFV-17DD, yellow fever vaccine, 17DD substrain; GBS, Guillain-Barré
yndrome; MRI, magnetic resonance imaging; RS, Rio Grande do Sul state; YEL-AND,
accine-associated neurologic disease; 95% CI, 95% confidence interval.
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1. Background

Yellow fever is an acute infectious disease, transmitted by
arthropod vectors of the genus Flavivirus. The prognosis is poor
and symptoms include: fever, nausea, vomiting, epigastric pain,
hepatitis with jaundice, renal failure, hemorrhage, shock and death
in 20–50% of reported cases in Brazil, where the disease is endemic
in the North and Mid-West of the country. There is no specific
treatment for yellow fever. Within a few years after isolation of
 following yellow fever immunization: Report and analysis of 67
/j.vaccine.2014.05.003

the virus by inoculation in monkeys, in 1927, two different live
attenuated yellow fever vaccines (YFV) were derived: the French
strain, which was  later discontinued due to its neurotropism, and
the 17D strain [1–4].
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For development of YFV from the Asibi strain, after intra-
erebral passages in mice, the virus was passed repeatedly in
inced chicken embryos from which the nervous system had been

emoved, and at this stage, Theiler and Smith observed a decrease
n viral neurotropism without increased viscerotropism [5], estab-
ishing the 17D strain from which all current vaccines are derived.
he 17DD substrain, derived from the 17D strain, was  chosen for
se in Brazil, due to its excellent immunogenicity and safety profile,
nd a seed-lot system was established in 1942, assuring the long
erm maintenance of its properties [6].

Initial reports of meningoencephalitis after YFV 17D/17DD
dministered worldwide were seen in children less than 7 months
f age [1–3]. In the 1960s, recommendations were changed, setting
he lower limit of age for immunization at 9 months, or at least 6

onths during yellow fever epidemics, and reports of encephali-
is/meningoencephalitis after yellow fever vaccine became rarer.

Common adverse events, such as fever, myalgia and pain, and a
u-like syndrome, occur in about 4% of vaccinated people in Brazil
7].

The 17D/17DD live attenuated virus vaccines have been exten-
ively studied, through molecular characterization, pre-clinical
tudies and clinical studies, and have shown genetic stability
hrough repeated passages [1–4,8–12].

Serious adverse events after 17D/17DD substrains of YFV are
are. Cases of associated neurologic disease are usually self-
imiting, neurological sequelae are unusual and deaths are very rare
1].

Yellow fever vaccine is given routinely to children aged 9
onths in endemic areas of Brazil, without concomitant vaccines.

n campaigns, all age groups are targeted, at or above 6 months
f age, also without concomitant vaccines. Surveillance of adverse
vents following immunization (AEFI) has been conducted in Brazil
y the National Immunization Program (NIP) since 1998. The AEFI
ational Surveillance System processes data generated in a stan-
ardized form by vaccination teams and healthcare workers. The
ources of information are the more than 35,000 Health Centers all
ver the country, with evaluation of events at state level and final
lassification at national level [13].

The frequency of serious adverse events following YFV-17DD
as been increasingly reported in the last 10 years in Brazil, espe-
ially in campaigns Exhaustive studies have not demonstrated
utations in the vaccine virus that could explain these serious

dverse events. Accordingly, it is surmised that host intrinsic factors
re the most plausible explanation for them [14,15].

The objective of this study is to describe and analyze the neuro-
ogical cases following administration of YFV-17DD in the Brazilian
opulation, from 2007 to 2012, with estimation of rates of adverse
vents.

. Methods

This study is based on YFV-17DD neurological adverse events
eported in public health units in Brazil from 2007 to 2012.
hese cases were obtained from the NIP database in January
1st, 2013, and updated until March 31st. All serious neurological
dverse events related to YFV were discussed and classified by the
ational AEFI committee at the Ministry of Health. Reported cases
ere classified according to a modified CDC criteria for YEL-AND

4].
We modified CDC criteria for neurotropic disease because cases

f neurologic disease (level 1) without neuroimaging or EEG but
Please cite this article in press as: Martins RdM, et al. Adverse events
neurological cases in Brazil. Vaccine (2014), http://dx.doi.org/10.1016

ith positive IgM for yellow fever on CSF were considered con-
rmed cases of meningoencephalitis. We  also confirmed 2 cases of
eningoencephalitis which occurred 39 and 36 days after vaccina-

ion. For yellow fever vaccine-associated autoimmune disease we
 PRESS
e xxx (2014) xxx–xxx

followed CDC guidelines without modifications. The initial diagno-
sis was established at local level, and final classification was done at
central level, by a multidisciplinary group, including a neurologist,
at the Ministry of Health.

Cases of neurotropic disease were all classified as menin-
goencephalitis, as a clear distinction between encephalitis and
meningitis is frequently impossible, as clinical symptoms may  be
atypical in young children and in the absence of neuroimaging or
cerebral histopathology [16,17]. Cases of neurological autoimmune
disease included GBS and ADEM. Other neurological autoimmune
diseases included: transverse myelitis, and bilateral optic neuritis.
There were two  cases characterized by a clinical and laboratorial
combination of both neurotropic and neurological autoimmune
features, and they are analyzed apart, although they are counted
in the total number of neurological events. They were classified as
“combined neurological disease”.

For analysis purposes, only the confirmed cases of neurotropic
disease were included. Regarding the neurological autoimmune
disease, all probable, and suspect reported cases were included
in analysis. Cases that did not comply with definitions were not
included, but we added some information on them.

The rates of adverse events per 100,000 doses and reporting
rate ratios (RRR) were calculated, as described previously [18]. The
Brazilian Ministry of Health, through the Health Information Sys-
tem, provided the number of YFV doses administered by age, state
and year [19]. The two cases of combined disease were not included
on estimation of rates related to neurotropic or autoimmune dis-
ease, but were included on estimation of total rate of neurologic
events.

Descriptive analysis of variables: age, gender, time of disease
onset, hospital discharge, dose, diagnosis, and cerebrospinal fluid
(CSF) features were developed for each category of adverse events.
The rates of neurotropic disease, neurological autoimmune disease,
and combined disease were calculated according to two scenarios:
first, the rates were calculated for the whole country, according to
year of vaccination and to age groups; and second the rates were
calculated for the state of Rio Grande do Sul (RS, Southern region
of Brazil) in 2009. The second presentation was chosen due to an
intensification of the passive surveillance system and training for
detection of neurological events during the year 2009 in RS. Repor-
ting rate ratios and their confidence intervals were calculated for
age groups. Rates were also calculated for the country, excluding
RS. Data were analyzed using Stata/IC software version 12 (Stata
Corporation, College Station, USA).

3. Results

From 2007 to 2012, a total of 129 neurological cases follow-
ing the YFV-17DD were reported by the NIP in Brazil. Of these,
62 were excluded as shown in Fig. 1. Cases were excluded for the
following reasons: 13 discarded, 37 inconclusive or inconsistent,
8 possible or suspect, and 1 probable. The most common reasons
of exclusion were negativity of IgM for yellow fever in CSF, cases
with clinical or laboratorial evidences against causality to YFV, and
cases with insufficient information for classification. There were 3
confirmed cases that were not included, for the following reasons:
vaccine from another producer (1 case), and vaccine administered
to the mother and YFV transmitted to the infant via breastfeed-
ing (2 cases). A final sample of 67 confirmed neurological cases
was analyzed in the present study (Fig. 1). The general features
of the neurotropic and autoimmune groups are listed (Table 1).
 following yellow fever immunization: Report and analysis of 67
/j.vaccine.2014.05.003

Among the 67 adverse events, 55 were neurotropic (82.1%), and 10
were neurological autoimmune diseases (14.9%), and 2 were com-
bined disease (3%). The group of neurological autoimmune diseases
was composed of 5 Guillain-Barré Syndrome cases and 3 Acute
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Number of neurological AEFI from 
Ministry of Health

129 cases

62 cases  excluded (reasons):
1 case  of 1 7D vaccine

1 case was not a neurological AEFI

2 werebreastfeeding cases
1 suspect  case  of t uberculous meningitis

7 suspect  cases o f n eurotropic disease
36 inconclusive cases
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67 cases

Fig. 1. Flowchart o

isseminated Encephalomyelitis cases. The 2 remaining cases were
omposed of other neurological autoimmune diseases, namely
ransverse myelitis and bilateral optic neuritis (1 case for each diag-
osis). The two combined neurological disease patients had the
Please cite this article in press as: Martins RdM, et al. Adverse events
neurological cases in Brazil. Vaccine (2014), http://dx.doi.org/10.1016

ollowing diagnosis: meningoencephalitis with polyradiculoneuri-
is and Kinsbourne syndrome, a distinct disorder characterized by
psoclonus, myoclonus, and ataxia, along with marked irritability

able 1
eneral features of 129 neurological adverse events (neurotropic disease, neurological au

Neurotropic disease (n = 55)

Female (%) 40.0 

Median age in years (range) 28 (0.75–66) 

First  dose (%) 100.0 

Hospital discharge (%)
Without sequelae 98.2 

With  sequelae 1.8 

Death  – 

Diagnosis (%)
Meningoencephalitis 98.2 

GBS  NA 

ADEM  NA 

Transverse myelitis NA 

Bilateral optic neuritis NA 

Meningoencephalitis with polyradiculoneuritis NA 

Kinsbourne syndrome NA 

Peripheral facial paralysis 1.8 

Other  NA 

Median time of disease onset in days (range) 15 (2–39) 

CSF b

Cellularity (median, range) 98 (21; 651)c

Protein (median, range) 62 (20; 205)d

Glucose (median, range) 54.5 (40; 98)e

Positive YF IgM (%)g 100.0f

a Non applicable.
b Cerebrospinal fluid.
c Number of patients with results (n) = 53.
d n = 49.
e n = 48.
f n = 55.
g n = 9.
h n = 8.
Number of excluded patients with results: n = 61, for Female; 61 for median age; 62 fo

nfants).
study sample size.

and behavioral changes [20]. The first patient, a 28 years of age
male, presented high an persistent fever 15 days after YFV, and
6 days later was  hospitalized. CSF had hypercellularity, moder-
ately elevated protein, positive IgM for yellow fever and negative
 following yellow fever immunization: Report and analysis of 67
/j.vaccine.2014.05.003

for dengue and Rocio. There were clinical and electromiograph-
ical evidences of demyelinization, and he received the diagnosis
of meningoencephalitis with polyradiculoneuritis. He left hospital

toimmune disease, and excluded cases) following YFV, all doses, Brazil, 2007–2012.

Neurological autoimmune disease (n = 10) Excluded (n = 62)

70.0 41.0
38.5 (4–63) 14 (0.08–85)
80.0 88.7

66.7 85.0
33.3 11.7
– 3.3

NAa 77.4
50.0 3.2
30.0 1.6
10.0 1.6
10.0 –
NA –
NA –
NA 1.6
NA 14.5
12.5 (2–28) 16 (<1–30)

1 (0; 90)g NA
105 (38; 301)g NA
58.5 (42; 94)h NA
NA NA

r first dose (including 2 vaccines given to mothers, with meningoencephalitis in

185
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187

dx.doi.org/10.1016/j.vaccine.2014.05.003


 ING Model
J

4 Vaccin

w
a
c
a
i
t
C
r
p

s
d
h
n
o

g
p
m
n

a
1
e
0
(
b

r
a

d
r
o
h
t
o
T
i
C
y
d
h
r
C
c
e
n
t

fi
a
r
i
d
G

e
T
l
t
1
3
9
d
g

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312
ARTICLEVAC 15374 1–7

 R.d.M. Martins et al. / 

ith a sequel, difficulty in walking. The second, a 13 years of
ge male, presented low fever, opsoclonus (horizontal and vertical
lonic eye movements), myoclonic movements, ataxia, diagnosed
s Kinsbourne syndrome, an autoimmune disease. CSF had slight
ncrease in cellularity, elevated protein, dengue and toxoplasma
ests were negative, and IgM for yellow fever in CSF was  positive.
omputed tomography in thorax and abdomen in search of neu-
oblastoma was negative. He was cured without sequel. So, both
atients had a mixed pattern of invasive and autoimmune disease.

According to data obtained from Brazilian passive surveillance
ystem, among neurotropic cases 1 case had sequela after hospital
ischarge (1.8%); among neurological autoimmune disease 3 cases
ad sequelae after hospital discharge (33.3%) (Table 1) Among all
eurological cases, 5/67 (7.5%) had sequelae after discharge Details
f sequelae were not available.

Time of disease onset after vaccination was similar among
roups. Cases that were excluded from analysis had about the same
rofile, but lower ages. As they are a mix  of neurotropic, autoim-
une cases, other diagnosis, and have many missing data, we did

ot present their CSF findings.
All neurotropic cases (meningoencephalitis) were reported only

fter the first dose. The global rate of adverse events following YFV
st doses in Brazil from 2007 to 2012 was 0.20 neurological adverse
vents per 100,000 doses. The total rate for neurotropic cases was
.17 per 100,000 doses. Among the neurological autoimmune cases
n = 10), 8 of them occurred after a first dose of YFV and 2 after a
ooster dose.

Considering Brazil during the whole period, without RS, the total
ate (first doses) of neurotropic disease was 0.05/100,000 doses,
nd of neurological autoimmune disease 0.02/100,000 doses.

There were two cases of autoimmune disease after a booster
ose of YFV. One of them occurred in a 62-year old woman that
eceived a booster of YFV on May  27, 2011 and an unknown period
f time after vaccination presented flaccid tetraparesis. The CSF
ad 1 cell/mm3 (99% mononuclear cells), glucose = 60 mg/dL; pro-
ein = 205 mg/dL, and absence of bacteria; electroneuromyography
f the limbs showed polyradiculoneuropathy compatible with GBS.
here is also the information that this patient received a dose of
nfluenza vaccine on April 26, 2011. This case was evaluated at
IFAVI and was classified as probable. The second case was a 20-
ear old man  who received a booster dose of YFV and fourteen
ays later presented drowsiness, blurred vision, diplopia, aphasia,
emiparesis of lower limbs. He evolved with respiratory failure
equiring mechanical ventilation. Electroencephalogram and skull
T were normal. The MRI  showed lesions of inflammatory leukoen-
ephalopathy, so the case was diagnosed as ADEM. This man
volved to death due to a sepsis complication. The authors have
o additional information or the date of death. CIFAVI classified
his case also as probable.

Thus, the rates for neurological autoimmune disease after the
rst dose and after the booster dose were 0.03 per 100,000 doses,
nd 0.01 per 100,000 doses, respectively. There was an increase in
ates in 2009, especially for neurotropic disease reports, due to an
ntensification of the passive surveillance system and training for
etection of neurological events during a campaign in state of Rio
rande do Sul, in that year (Table 2).

Table 3 shows the rates for first vaccine doses of neurotropic dis-
ase and neurological autoimmune disease according to age groups.
he lowest rates of neurotropic disease occurred in the age groups
ess than 1 year, and from 1 to 4 years. The highest rate occurred in
he age group from 5 to 9 years. Compared to the age group from
5 to 59 years (reference), these individuals had a risk more than
Please cite this article in press as: Martins RdM, et al. Adverse events
neurological cases in Brazil. Vaccine (2014), http://dx.doi.org/10.1016

 times higher of having a neurotropic adverse event (RRR = 3.40;
5% CI: 1.57–7.34). For neurological autoimmune and combined
iseases the number of cases is small and evaluation of risks by age
roups is difficult.
 PRESS
e xxx (2014) xxx–xxx

Table 4 shows the rates for first vaccine doses of neurotropic and
neurological autoimmune adverse events in RS according to year
of occurrence. Combined disease cases did not occur in this state
(1 case belonged to Santa Catarina’s state, in the Southern region
of Brazil, and 1 case came from São Paulo, a state in the Brazil-
ian Southeastern region). There is a higher number of doses of YFV
administered in 2009 and also, an impressive increase in the rate
of reported cases in 2009 and 2010, and to a lesser extent in 2011,
compared to other years, probably due to a continued intensifica-
tion in the passive surveillance system during these years.

In order to evaluate age variation regarding neurological adverse
event risk, for first vaccine doses, a specific analysis in RS state in
2009 was conducted (Table 5). The highest rate of neurotropic dis-
ease (2.66 per 100,000 vaccine doses) was  reported in the age group
from 5 to 9 years. The risk of having neurotropic disease, in this age
group, was 2.7 times the risk in the reference group (15–59 years
old). There were only 2 cases of neurological autoimmune diseases
in RS state from 2007 to 2012. One case belonged to the age group
of 1–4 years and the other to the age group of 15–59 years (Table 5).

Two cases of neurotropic disease acquired through breastfeed-
ing were not included in the analysis because the doses were
not administered to the children, and our denominators refer to
vaccines applied directly on individuals. These cases were con-
firmed vaccine encephalitis transmitted through breast-feeding
that occurred in 2009 at RS [21,22]. One of these cases was in a
23-day-old female infant and the second case in a 38-day-old male
infant. One had a serious sequela and the other recovered.

4. Discussion

The present study evaluated the features and rates of 67 neuro-
logical cases (neurotropic, neurological autoimmune and combined
disease) following the administration of YFV-17DD in Brazil. Two
scenarios were analyzed: the whole country and the state of Rio
Grande do Sul. For most analyses we  used first doses as the denom-
inator, as all neurotropic (meningoencephalitis) cases were after
the first dose. For the whole country and for the RS state, in 2009,
children from 5 to 9 years old had the highest rate of neurotropic
disease. The overall rate of neurotropic disease was  higher in RS
than the national rate, probably due to intensification and training
in the passive surveillance system in the former. The overall rate of
autoimmune disease was  also higher for the state analysis than for
the whole country.

Few studies worldwide have estimated the rate of neurological
adverse events after the administration of YFV-17D or YFV-17DD.
McMahon et al. studied 15 cases of neurological adverse events fol-
lowing YFV in the United States and found risk rates of 2.3 cases for
encephalitis, 1.9 cases for GBS and 0.4 cases for ADEM per 100,000
doses [23]. This study alerted and guided us regarding diagnostic
and classification criteria. Breugelmans et al. studied the imple-
mentation of large-scale YF preventive vaccination campaigns and
pharmacovigilance systems in eight African countries from 2007 to
2010 (Benin, Cameroon, Guinea, Liberia, Mali, Senegal, Sierra Leone
and Togo). During this period, 3116 adverse events were reported,
of which 5% were serious. Concerning neurological events, the
authors found a risk rate of 0.016 per 100,000 doses [24]. Guimard
et al. reviewed all cases of serious neurologic adverse events that
occurred between 2000 and 2008, in a French Health Institution.
They studied 4 cases and found a risk rate of 9.9 neurologic events
per 100,000 doses, which is 10 times higher than previous estimates
[25].
 following yellow fever immunization: Report and analysis of 67
/j.vaccine.2014.05.003

In Brazil, efforts to prevent reintroduction of yellow fever in
urban areas were intensified through massive routine vaccination
in endemic areas, and vaccination campaigns in circulating wild
virus areas, with epizootics and/or human cases. During the same
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Table  2
Rates (per 100,000 vaccine first doses administered) of neurotropic disease and neurological autoimmune disease, Brazil, 2007–2012.Q6

Year Number of doses (first dose) Neurotropic disease Neurological autoimmune diseasea Total

Number of cases Rate (per 100,000) Number of cases Rate (per 100,000) Number of cases Rate (per 100,000)

2007 3,738,402 0 0.00 1 0.03 1 0.03
2008 9,950,486 4 0.04 1 0.01 5 0.05
2009 8,178,009 43 0.53 2 0.02 45 0.55
2010 3,358,152 4 0.12 2 0.06 6 0.18
2011 3,218,023 2 0.06 1 0.03 3 0.09
2012 2,991,559 2 0.07 1 0.03* 3 0.10
Total 31,434,631 55 0.17 8 0.03 63 0.20

a 2 cases were not included because they occurred after a booster dose.

Table 3
Rates (per 100,000 vaccine first doses administered) of neurotropic and neurological autoimmune diseases, according to age groups, Brazil, 2007–2012.

Age groups Number of
doses (first
dose)

Neurotropic disease Neurological autoimmune disease Total

No. of
cases

Rate (per
100,000)

RRR (95% CI) No. of
cases

Rate (per
100,000)

RRR (95% CI) No. of
cases

Rate (per
100,000)

RRR (95% CI)

Less than 1 year 8,442,107 2 0.02 0.11 (0.03–0.44 0 0.00 Undef 2 0.02 0.09 (0.02–0.38)
From  1 to 4 years 2,222,775 1 0.04 0.20 (0.03–1.46 1 0.04 1.40 (0.16–12.01) 2 0.09 0.351 (0.08–1.45)
From  5 to 9 years 1,079,662 8 0.74 3.30 (1.53–7.12) 1 0.09 2.89 (0.34–24.72) 9 0.83 3.25 (1.58–6.70)
From  10 to 14 years 1,928,089 6 0.31 1.39 (0.58–3.30 0 0.00 Undef 6 0.31 1.21 (0.51–2.86)
From  15 to 59 years 15,592,430 35 0.22 Ref 5 0.03 Ref 40 0.26 Ref
60  years or more 2,169,568 3 0.14 0.62 (0.19–2.00) 1 0.05 1.44 (0.17–12.30) 4 0.18 0.52 (0.26–2.01)
Total  31,434,631 55 0.17 8 0.03 63 0.20

Ref = Reference; Undef = Undefined.

Table 4
Rates (per 100,000 vaccine first doses) of neurotropic and neurological autoimmune diseases, according to year, in the state of Rio Grande do Sul.

Year Number of doses (first dose) Neurotropic disease Neurological autoimmune disease Total

No. of cases Rate (per 100,000) No. of cases Rate (per 100,000) No. of cases Rate (per 100,000)

2007 59,034 0 0.00 0 0.00 0 0.00
2008 556,535 1 0.18 1 0.18 2 0.36
2009 3,697,838 38 1.03 2 0.05 40 1.08
2010 154,541 2 1.29 0 0.00 2 1.29
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2011 199,543 1 0.50 

2012 227,632 0 0.00 

Total 4,895,123 42 0.86 

eriod, surveillance system for adverse events was being improved.
ernandes et al. found 12 cases of aseptic meningitis temporally
elated to yellow fever vaccine in the city of Juiz de Fora (Southeast
f Brazil) during a campaign in 2001, with a risk rate of 3.87 per
00,000 doses [26]. All cases recovered without sequelae.

Khromava et al. analyzed the risk of YEL-AND according to age,
Please cite this article in press as: Martins RdM, et al. Adverse events
neurological cases in Brazil. Vaccine (2014), http://dx.doi.org/10.1016

nd found that reporting rates of neurotropic disease increased for
ersons aged 60 years or more, compared to lower ages, although
hey were not statistically significant [189]. Studies have found

able 5
ates (per 100,000 vaccine first doses) of neurotropic and neurological autoimmune dise

Age groups Number of
doses (first
dose)

Neurotropic disease Ne

No. of
cases

Rate (per
100,000)

RRR (95% CI) No
ca

Less than 1 year 40,103 0 0.00 Undef 0 

From  1 to 4 years 210,950 0 0.00 Undef 1 

From  5 to 9 years 263,294 7 2.66 2.71 (1.17–6.28) 0 

From  10 to 14 years 344,522 5 1.45 1.48 (0.56–3.87) 0 

From  15 to 59 years 2,444,095 24 0.98 Ref 1 

60  years or more 394,874 2 0.51 0.52 (0.12–2.18) 0 

Total  3,697,838 38 1.03 2 

ef = Reference; Undef = Undefined.
1 0.50 2 1.00
0 0.00 0 0.00
4 0.08 46 0.94

rates of encephalitis varying from 0.5 to 4.0 per 1000 doses in chil-
dren younger than 9 months, and 0.4/100,000 doses from 1 to 18
years of age [3,18].

Our data point to a higher risk of neurotropic disease after YFV
in children from 5 to 9 years of age according to local and national
analysis. For the age groups of less than 1 year, and from 1 to less
 following yellow fever immunization: Report and analysis of 67
/j.vaccine.2014.05.003

than 5 years, low rates were found both for the country and for Rio
Grande do Sul. One possible explanation for the unexpected low
neurotropic disease rate in children less than 5 years of age is that

ases, according to age groups, in the state of Rio Grande do Sul, in 2009.

urological autoimmune disease Total

. of
ses

Rate (per
100,000)

RRR (95% CI) No. of
cases

Rate (per
100,000)

RRR (95% CI)

0.00 Undef 0 0.00 Undef
0.47 11.59 (0.72–185.23) 1 0.47 0.46 (0.06–3.42)
0.00 Undef 7 2.66 2.60 (1.12–6.01)
0.00 Undef 5 1.45 1.42 (0.54–3.71)
0.04 Ref 25 1.02 Ref
0.00 Undef 2 0.51 0.50 (0.12–2.09)
0.05 40 1.08
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eningeal and other signs and symptoms of neurological disease
ay  be less characteristic in young children, making the diagno-

is more difficult [16,17]. Age distribution similar to this study, but
ith much higher rates, have been found in a study conducted in

942, which evaluated the occurrence of encephalitis in man  fol-
owing vaccination with YFV-17D, substrain 17D NY-104, no longer
sed [27].

It should be noted that, with the French strain, also no longer
n use, meningoencephalitis rates by age groups cannot be surely
scertained retrospectively, due to lack of denominators, but in a
arge campaign in Dakar, most cases were on the age group from 3
o 11 years (mainly at 4, 5 and 6 years of age) and the risk on this
ge group was estimated at about 1–2/1000 vaccinations, that is,
uch higher than with the current vaccine [28].
Regarding neurological autoimmune disease, the small number

f cases makes difficult evaluation of risks by age groups.
There is another interesting finding to point out. There were two

ases with clinical and laboratorial evidences of a mixed condition,
utoimmune neurological and neurotropic disease.

The exact mechanism that determine this combination is not
learly understood, and it may  be possible that the autoimmune
nflammatory involvement of the central nervous system could
ncrease the permeability of the brain–blood barrier, allowing IgM
nd cells from blood to pass into the CSF, without a true neurotropic
isease. On the other hand, the neurotropic disease could be a trig-
er to this group of diseases in predisposed individuals and both
onditions can really occur in combination.

The greatest limitation of the present study was the use of
assive surveillance data [29–31]. However, the analysis in RS,
here an intensified surveillance system was in place during a

arge campaign in 2009, may  attenuate this limitation. Another
otential limitation to consider in this study is the misclassifica-
ion of cases due to flavivirus cross-reactivity that could occur,
s tests for other flavivirus were not always done, which means
hat cases could have been incorrectly classified as related to
FV.

This study demonstrates that finding of neurological cases is
ighly dependent on increased alertness and training, as most cases
ccur several or many days after vaccination and confirmation of
iagnosis relies on cerebrospinal fluid examination.

. Conclusions

The current study analyzed the largest series of neurological
dverse events following a 17D yellow fever vaccine in current
se and showed that the number of neurological adverse events
emporally associated to the vaccine is substantial. However, these
vents have in general a good prognosis. Yellow fever is a serious
ondition, of high lethality, and without the yellow fever vaccine
e would have large scale epidemics, as the potential vectors of

he disease are widespread in Brazil and many other countries,
nd due to an ever increasing movement of people around the
lobe. It is a highly effective vaccine, as demonstrated by the low
umber of yellow fever cases being reported in Brazil, and prompt
ontainment of outbreaks. As neurological adverse events have in
eneral a good prognosis they should not contraindicate the use
f yellow fever vaccine in face of risk of infection by yellow fever
irus.

uthors’ contributions
Please cite this article in press as: Martins RdM, et al. Adverse events
neurological cases in Brazil. Vaccine (2014), http://dx.doi.org/10.1016

All authors contributed to the discussions on diagnosis and clas-
ification of cases, and to the study concept, design, acquisition of
ata, analysis, interpretation, and to the manuscript; all approved
he manuscript final version.

[

 PRESS
e xxx (2014) xxx–xxx

Conflicts of interest

Reinaldo de Menezes Martins, Ana Luiza Braz Pavão, Patrí-
cia Mouta Nunes de Oliveira, Paulo Roberto Gomes dos Santos,
Vanessa dos Reis von Doellinger, Maria da Luz Fernandes Leal, Akira
Homma  and Maria de Lourdes S. Maia work for Bio-Manguinhos,
a government-owned and not for profit producer of vaccines for
the Brazilian Ministry of Health, including the yellow fever vaccine
analyzed on this study

Acknowledgements

Maria Isabel de Moraes Pinto, Sandra A. Moreira G. Monteiro,
Solange Dourado, for their participation on the discussions for clas-
sification of cases at the national AEFI committee of the Ministry of
Health.

References

[1] Monath TP. Review of the risks and benefits of yellow fever vaccination includ-
ing some new analyses. Expert Rev Vaccines 2012;11:427–83.

[2] WHO. Vaccines and vaccination against yellow fever. Wkly Epidemiol Rec
2013;88:269–84.

[3]  Monath TP, Gershman M,  Staples JE, Barrett DT. Yellow fever vaccine. In: Plotkin
S,  Orenstein W,  Offit PA, editors. Vaccines. 6th ed. Philadelphia: Saunders; 2013
[electronic edition].

[4] Centers for Disease Control and Prevention. Yellow fever vaccine. MMWR
2010;59:1–27.

[5]  Theiler M,  Smith HH. The effect of prolonged cultivation in vitro upon the
pathogenicity of yellow fever virus. J Exp Med  1937;65:767–86.

[6] Post PR, Carvalho R, Freire MS,  Galler R. The early use of yellow fever virus
strain 17D for vaccine production in Brazil—a review. Mem  Inst Oswaldo Cruz
2001;96:849–57.

[7] Camacho LAB, Aguiar SG, Freire MS,  Leal MLF, Nascimento JP, Iguchi T, et al.
Reactogenicity of yellow fever vaccines in a randomized, placebo-controlled
trial. Rev Saude Publica 2005;39(3):413–20.

[8] Stock NK, Boschetti N, Herzog C, Appelhans MS,  Niedrig M. The phylogeny of
yellow fever virus 17D vaccines. Vaccine 2012;30:989–94.

[9] Santos CND, Post PR, Carvalho R, Ferreira II, Rice CM,  Galler R. Complete
nucleotide sequence of yellow fever virus vaccine strains 17DD and 17D-213.
Virus Res 1995;35:35–41.

10] Marchevsky RS, Freire MS,  Coutinho ESF, Galler R. Neurovirulence of yellow
fever 17DD vaccine virus to rhesus monkeys. Virology 2003;316:55–63.

11] Galler R, Post PR, Santos CN, Ferreira II. Genetic variability among yellow fever
virus 17D substrains. Vaccine 1998;16:1024–8.

12] Camacho LA, Freire MS,  Leal ML,  Aguiar SG, Nascimento JP, Iguchi T, et al.
Immunogenicity of WHO-17D and Brazilian 17DD yellow fever vacines: a ran-
domized trial. Rev Saude Publica 2004;38:671–8.

13] Martins RM, Maia MLS, Santos EM,  Cruz RLS, Santos PRG, Deotti SM,  et al.
Yellow fever vaccine post-marketing surveillance in Brazil. Proc Vaccinol
2010;2:178–83.

14] Galler R, Pugachev KV, Santos CLS, Ocran SW,  Jabor AV, Rodrigues SG, et al. Phe-
notypic and molecular analyses of yellow fever 17DD vaccine viruses associated
with serious adverse events in Brazil. Virology 2001;290:309–19.

15] Whittembury A, Ramirez G, Hernández H, Ropero AM,  Waterman S, Ticona M,
et  al. Viscerotropic disease following yellow fever vaccination in Peru. Vaccine
2009;27:5974–81.

16] Tapiainen T, Prevots R, Izurieta HS, Abramson J, Bilynsky R, Bonhoeffer J, et al.
Aseptic meningitis: case definition and guidelines for collection, analysis and
presentation of immunization safety data. Vaccine 2007;25:5793–802.

17] Sejvar JJ, Kohl KS, Bilynsky R, Blumberg D, Cvetkovich T, Galama J, et al.
Encephalitis, myelitis, and acute disseminated encephalomyelitis (ADEM): case
definitions and guidelines for collection, analysis, and presentation of immu-
nization safety data. Vaccine 2007;25:5771–92.

18] Khromava AY, Eidex RB, Weld RB, Weld LH, Kohl KS, Bradshaw RD, et al. Yellow
fever vaccine: an updated assessment of advanced age as a risk factor for serious
adverse events. Vaccine 2005;23:3256–63.

19] Ministério da Saúde Departamento de Informática do Sistema Único
de  Saúde (DATASUS). Available at: http://www2.datasus.gov.br/DATASUS/
index.php?area=01

20] Singhi P, Sahu JK, Sarkar J, Bansai D. Clinical profile and outcome of children
with opsoclonus-myoclonus syndrome. J Child Neurol 2014;29:58–61.

21] Couto AM, Salomão MR,  Schermann MT,  Mohrdieck R, Suzuki A, Carvalho SMD,
 following yellow fever immunization: Report and analysis of 67
/j.vaccine.2014.05.003

et  al. Transmission of yellow fever vaccine virus through breast-feeding–Brazil,
2009. MMWR  2010;59:130–2.

22] Traiber C, Coelho-Amaral P, Ritter VRF, Winge A. Infant meningoencephalitis
caused by yellow fever vaccine virus transmitted via breastmilk. J Pediatr (Rio
J)  2011;87:269–72.

464

465

466

467

468

dx.doi.org/10.1016/j.vaccine.2014.05.003
http://www2.datasus.gov.br/DATASUS/index.php?area=01
http://www2.datasus.gov.br/DATASUS/index.php?area=01


 ING Model
J

Vaccin

[

[

[

[

[

[

[

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486
ARTICLEVAC 15374 1–7

R.d.M. Martins et al. / 

23] McMahon AW,  Eidex RB, Marfin AA, Russell M,  Sejvar JJ, Markoff L, et al. Neu-
rologic disease associated with 17D-204 yellow fever vaccination: a report of
15  cases. Vaccine 2007;25:1727–34.

24] Breugelmans JG, Lewis RF, Agbenu E, Veit O, Jackson D, Domingo-Carrasco C,
et al. Adverse events following yellow fever preventive vaccination campaigns
in  eight African countries from 2007 to 2010. Vaccine 2013;31:1819–29.

25] Guimard T, Minjolle S, Polard E, Fily F, Zeller H, Michelet C, et al. Short report:
Please cite this article in press as: Martins RdM, et al. Adverse events
neurological cases in Brazil. Vaccine (2014), http://dx.doi.org/10.1016

incidence of yellow fever vaccine-associated neurotropic disease. Am J Trop
Med  Hyg 2009;81:1141–3.

26] Fernandes GC, Camacho LAB, Carvalho MS,  Batista M,  Almeida SMR. Neurolog-
ical adverse events temporally associated to mass vaccination against yellow
fever in Juiz de Fora, Brazil, 1999–2005. Vaccine 2007;25:3124–8.

[

[

 PRESS
e xxx (2014) xxx–xxx 7

27] Fox JP, Lennette EH, Manso C, Aguiar JRS. Encephalitis in man following vacci-
nation with 17D yellow fever virus. Am J Hyg 1942;36:117–42.

28] Rey M,  Satge P, Collomb H, Guicheney A, Mar  ID, Niang I, et al. Aspects
épidémiologiques et cliniques des encéphalites consécutives à la vaccination
antiamarile. Bull Soc Méd  Afr Noire Lgue fr 1966;11:560–74.

29] Rosenthal S, Chen R. The reporting sensitivities of two passive surveil-
lance systems for vaccine adverse events. Am J Public Health 1995;85:
 following yellow fever immunization: Report and analysis of 67
/j.vaccine.2014.05.003

1706–9.
30] Chen RT, Orenstein WA.  Epidemiologic methods in immunization programs.

Epidemiol Rev 1996;18:99–117.
31] Offit PA, De Stefano F. Vaccine safety. In: Plotkin S, Orenstein W,  Offit PA, editors.

Vaccines. 6th ed. Philadelphia: Saunders; 2013 [electronic edition].

487

488

489

490

491

dx.doi.org/10.1016/j.vaccine.2014.05.003

	Adverse events following yellow fever immunization: Report and analysis of 67 neurological cases in Brazil
	1 Background
	2 Methods
	3 Results
	4 Discussion
	5 Conclusions
	Authors’ contributions
	Conflicts of interest
	Acknowledgements
	References


