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a b s t r a c t

Yellow fever (YF) vaccine has been used for prevention of YF since 1937 with over 500 million doses
administered. However, rare reports of severe adverse events following vaccination have raised concerns
about the vaccine’s safety. We reviewed reports of adverse events following YF vaccination reported to the
U.S. Vaccine Adverse Event Reporting System (VAERS) from 2000 to 2006. We used estimates of age and
sex distribution of administered doses obtained from a 2006 survey of authorized vaccine providers to
calculate age- and sex-specific reporting rates of all serious adverse events (SAE), anaphylaxis, YF vaccine-
associated neurotropic disease, and YF vaccine-associated viscerotropic disease. Reporting rates of SAEs
were substantially higher in males and in persons aged ≥60 years. These findings reinforce the generally
acceptable safety profile of YF vaccine, but highlight the importance of physician and traveler education
VAERS regarding the risks and benefits of YF vaccination, particularly for travelers ≥60 years of age. Vaccination
should be limited to persons traveling to areas where the risk of YF is expected to exceed the risk of serious
adverse events after vaccination, or if not medically contraindicated, where national regulations require
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. Introduction

Yellow fever (YF) vaccine is a live attenuated vaccine that has
een used for over seven decades. The U.S. Centers for Disease
ontrol and Prevention (CDC) and the Advisory Committee on

mmunization Practices (ACIP) recommend vaccination for travel-
rs aged 9 months and older who are at risk for yellow fever because

f travel to endemic areas of South America or Africa [1]. The only YF
accine currently licensed for use in the United States is YF-VAX®,
anufactured by sanofi pasteur (Swiftwater, Pennsylvania).

∗ Corresponding author at: Division of Vector-Borne Infectious Diseases, National
enter for Zoonotic, Vector-Borne, and Enteric Diseases, Centers for Disease Control
nd Prevention, 3150 Rampart Road, Fort Collins, CO 80521, United States. Tel.: +1
70 266 3595; fax: +1 970 266 3568.

E-mail address: nplindsey@cdc.gov (N.P. Lindsey).
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introduction of YF.
Published by Elsevier Ltd.

Adverse reactions to YF vaccine, which are typically mild, may
nclude headache, myalgia, low-grade fever, and discomfort at
he injection site [2]. In clinical trials, mild adverse events were
eported by about 25% of vaccinees [1,3–5]. Severe reactions to
F vaccine are rare. Anaphylactic reactions (severe allergic reac-
ions with multisystem organ involvement) have been estimated
o occur in 0.8 per 100,000 vaccinations, most often among per-
ons with allergies to eggs or other vaccine constituents, such as
elatin [6]. YF vaccine-associated neurotropic disease (YF-AND),
hich may include post-vaccinal encephalitis, Guillain–Barré syn-
rome, and autoimmune disease with central or peripheral nervous
ystem involvement, is estimated to occur in approximately 0.4 per
00,000 vaccinations [7]. YF vaccine-associated viscerotropic dis-

ase (YF-AVD), a disease clinically resembling naturally acquired
F, is estimated to occur in approximately 0.3 per 100,000 vacci-
ations [7]. Advanced age and history of thymus disease have been

dentified as risk factors for systemic adverse events following YF
accination [7–10].

http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine
mailto:nplindsey@cdc.gov
dx.doi.org/10.1016/j.vaccine.2008.09.009
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Previous estimates of the age-specific risks of adverse events
ollowing YF vaccination have been based on reports to the U.S.
accine Adverse Event Reporting System (VAERS) and the age dis-

ribution of vaccine recipients from 13 U.S.-based travel clinics in
998 [7,8]. There has been speculation that the age distribution of
F vaccine recipients may have changed since that time to include
larger percentage of travelers ≥60 years of age [7]. Additionally,

hildren were under-represented in the travel clinics surveyed in
998 [8]. Sex-specific risks have not been previously estimated due
o lack of data describing the sex distribution of vaccinees. In this
aper, we describe adverse events reported to VAERS following YF
accination from 2000 through 2006 and estimate age and sex-
pecific reporting rates of serious adverse events using age and
ex distributions of administered doses obtained from a survey of
uthorized YF vaccine providers in 2006.

. Materials and method

.1. VAERS

VAERS is a passive surveillance system for adverse events fol-
owing immunization operated collaboratively by the CDC and the
.S. Food and Drug Administration (FDA) [11,12]. Adverse event

eports can be submitted to VAERS from a variety of sources, includ-
ng vaccine providers and recipients, medical practitioners, and

anufacturers. VAERS reports are routinely classified as serious or
on-serious, with serious adverse events (SAE) being defined as
vents in which one of the following outcomes are reported: death,
ife-threatening illness, hospitalization, prolongation of an existing
ospitalization, permanent disability, or other medically important
ondition. Reports of SAEs are routinely followed up to obtain addi-
ional information about the event. Causality of individual adverse
vents following vaccination usually cannot be determined from
he VAERS report alone. It is important to consider the biologic plau-
ibility that reported adverse events could be caused by the vaccine

omponents and whether other contributing factors (such as con-
urrent illness or medications) might have caused the adverse
vents. We did not attempt to determine causality for reported
dverse events except for evaluation of possible YF-AVD and YF-
ND as described below.

w
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able 1
haracteristics of persons having an adverse event reported to VAERS following administ

Reported events following YF vaccine
given in combination (N = 470)

alea (%) 189 (41)

geb (%)
≤18 years 49 (11)
19–29 years 112 (25)
30–39 years 88 (20)
40–49 years 71 (16)
50–59 years 64 (14)
60–69 years 44 (10)
70 + years 22 (5)

edian age (range) 36 (4–88)

edian days to onset (range)c 1 (0–50)

erious adverse events (%)d 48 (10)
Death 3 (0.6)
Life threatening illness 14 (3)
Hospitalization 37 (8)
Prolongation of hospitalization 4 (0.9)
Permanent disability 7 (1)

a Sex unknown for 8 events.
b Age unknown for 27 events.
c Days to onset unknown for 38 events.
d 23 events met more than one ‘serious’ criteria.
6 (2008) 6077–6082

.2. Report selection and case classification

The VAERS database was searched for reports following YF
accination (given alone or at the same time as other vaccina-
ions). All reports of adverse events following YF vaccinations
mong civilians in the U.S. reported from 2000 to 2006 with symp-
om onset during that period were included, except for seven
eports in which the adverse event occurred more than 60 days
fter vaccination. Sixty days was chosen as the longest plausi-
le time that an adverse event associated with a live vaccine

s likely to occur. Adverse events reported following administra-
ion of vaccine by military organizations were excluded because
f potential differences in reporting of adverse events and the
ifferent demographics of the military compared with the civil-

an population. Reports were considered to have originated from
ilitary service members if the VAERS report indicated that the

accine was purchased with military funds or was administered
t a military clinic. We reviewed the age and sex of persons
ith adverse events, the reported signs, symptoms and conditions

using standard coding terms), number of days from vaccination to
nset of symptoms, and outcome (as documented on the VAERS
eport) of the adverse events. Cases of anaphylaxis were iden-
ified by reviewing adverse event coding terms for previously
escribed criteria of anaphylaxis as follows: reports were classi-
ed as probable anaphylactic reactions if the reaction occurred
ithin 4 h of vaccine administration and included at least one der-
atologic symptom coding term (urticaria, flushing, angioedema,

ruritis, rash) and at least one respiratory symptom coding term
dyspnea, bronchospasm, pharyngeal edema, wheezing, throat
ightness, dysphonia) [6]. In addition, the case definition for ana-
hylaxis developed by the Brighton Collaboration was also used
13]. However, to allow for comparison with previously published
eports of anaphylaxis following YF vaccine administration, the
ormer definition was used in the bulk of this paper, except

here otherwise noted. Reports were not classified as anaphylac-

ic reactions in instances where the VAERS report was coded as
naphylaxis without sufficient description of the event to meet
he above criteria (i.e. specific symptoms or onset interval were
ot reported). There were only 2 such reports. In June 2002, CDC

ration of yellow fever (YF) vaccine from 2000 to 2006.

Reported events following YF
vaccine given alone (N = 190)

All reported events following
YF vaccine (N = 660)

71 (37) 260 (39)

22 (12) 71 (11)
47 (26) 159 (25)
32 (17) 120 (19)
23 (13) 94 (15)
28 (15) 92 (15)
18 (10) 62 (10)
13 (7) 35 (6)

35 (2-85) 36 (2-88)

1 (0-24) 1 (0-50)

24 (13) 72 (11)
1 (0.5) 4 (0.6)
7 (4) 21 (3)

21 (11) 58 (9)
1 (0.5) 5 (0.8)
0 (0) 7 (1)
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Table 2
Most commonly reported adverse event coding terms following YF vaccination, 2000–2006a

All AE (n = 660) Number (%) Male (n = 268) Number (%) Female (n = 392) Number (%)

Pyrexia 150 (23) Pyrexia 72 (27) Pyrexia 78 (20)
Pain 99 (15) Headache 50 (19) Injection site erythema 70 (18)
Pruritus 98 (15) Pain 38 (14) Pruritus 68 (17)
Headache 96 (15) Urticaria 31 (12) Pain 61 (16)
Injection site erythema 88 (13) Pruritus 30 (11) Rash 49 (13)
Urticaria 80 (12) Dyspnea 25 (9) Urticaria 49 (13)
Rash 71 (11) Chills 24 (9) Headache 46 (12)
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ausea 59 (9) Asthenia
izziness 52 (8) Fatigue
yspnea 48 (7) Myalgia

a 560 (85%) of reported events included multiple coding terms.

onvened a Yellow Fever Vaccine Safety Working Group (YFWG)
omposed of academicians, clinicians, representatives of vaccine
anufacturers, and U.S. government epidemiologists to review

urveillance data for serious adverse events after YF vaccination.
he YFWG used a consensus process to classify cases as YF-
ND and YF-AVD for surveillance purposes [14]. The YFWG has
eviewed and classified reports of serious adverse events reported
o VAERS since 1996. Current and former members of the YFWG
re listed in the acknowledgements. Representatives of vaccine
anufacturers did not participate directly in the classification of

ases.

.3. Denominator data

The number of YF-VAX® doses purchased by civilian providers
ach year from 2000 to 2006 was obtained from the manufac-
urer, sanofi pasteur. Previously conducted telephone interviews

ith healthcare providers have indicated little or no wastage of
F vaccine, which is predominately sold in single-dose vials to
ivilian providers [8]. Therefore, the number of doses sold was
ssumed to be a reasonable estimate of the number of doses
dministered.

2

l

able 3
ymptoms and time to onset of probable cases of anaphylaxis following YF vaccination

ase number Dermatologic symptoms

1 Urticaria
2 Rash
3 Pruritus
4 Urticaria, pruritus
5 Urticaria, pruritus
6 Urticaria
7 Flushing
8 Urticaria
9 Urticaria

10 Urticaria, rash, pruritus
11 Rash
2 Urticaria

13 Pruritus
14 Pruritus
15 Urticaria
16 Urticaria
17 Flushing
18 Rash
19 Rash, pruritus
0 Urticaria
1 Urticaria, pruritus
2 Urticaria
3 Urticaria
4 Urticaria, pruritus
5 Urticaria
6 Urticaria
7 Rash
8 Urticaria
23 (9) Nausea 40 (10)
23 (9) Dizziness 35 (9)
22 (8) Injection site swelling 30 (8)

Approximately 3400 U.S. healthcare providers are authorized
o administer yellow fever vaccine. Contact information for these
uthorized providers was obtained from the U.S. Yellow Fever Vac-
ination Center Registry, a web-based directory maintained by CDC.
ll 2941 authorized providers who provided an email address in

he registry were surveyed by email to determine the total num-
er of YF vaccine doses administered in 2006 and the date of birth
or age) and sex of each vaccinee. Overall, 1066 clinics responded
o the survey, accounting for 95,828 doses (48%) of the approxi-

ately 200,000 doses administered to the civilian population in
006. However, only 77,137 of these had age of vaccinee reported
nd 76,903 had sex of vaccinee reported, accounting for about 39%
f the total number of doses distributed. The number of persons
ho received YF vaccine by age group and sex per year in the U.S.
as estimated by multiplying the estimated total doses distributed

ach year by the proportion of vaccine recipients in each age and
ex group as determined from this survey.
.4. Data analysis

Sex- and age-specific adverse event reporting rates were calcu-
ated for SAEs and non-serious adverse events, YF-AND, and YF-AVD

Respiratory symptoms Time to onset

Dyspnea 15 min
Dyspnea, pharyngeal edema 2 h
Wheezing, throat tightness 15 min
Throat tightness 1 h
Throat tightness 50 min
Dyspnea 1 h
Wheezing 30 min
Throat tightness 1 h
Dyspnea 45 min
Dyspnea 30 min
Dyspnea Same morning
Dyspnea, wheezing 45 min
Dyspnea 1 h
Dyspnea 25 min
Dyspnea, throat tightness 30 min
Dyspnea 45 min
Wheezing 15 min
Dyspnea, wheezing 1 h
Dyspnea 1 h 30 min
Dyspnea, throat tightness 1 h
Dyspnea 2 h
Wheezing 1 h
Wheezing, throat tightness 45 min
Dyspnea 45 min
Dysphonia 15 min
Dyspnea 15 min
Wheezing 40 min
Wheezing 3 h
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Table 4
Reporting rates per 100,000 doses administered for adverse events in civilians following YF vaccination, 2000–2006

Estimated YF doses All AE (n = 660) NSAEa (n = 588) SAEb (n = 72) Anaphylaxis (n = 28) YF-ANDc (n = 12) YF-AVDd (n = 6)

Sex
Male 743,305 35 29.1 5.9 2.3 1.2 0.7
Female 790,865 49.6 46 3.5 1.3 0.4 0.1

Age
≤18 178,454 39.8 35.3 4.6 3.4 1.1 0
19–29 389,018 40.9 36.8 4.1 3.1 0.3 0.5
30–39 210,545 57 53.2 3.8 4.3 0.5 0
40–49 223,233 42.1 37.6 4.5 0.0 0.9 0
50–59 254,719 36.1 33.4 2.7 0.4 0.4 0
60–69 191,025 32.5 26.2 6.3 0.0 1.6 1
70+ 87,177 40.1 27.5 12.6 0.0 2.3 2.3

Total 1,534,170 43 38.3 4.7 1.8 0.8 0.4

a Non-serious adverse events.
b llness

i

p
v

3

c
w
r
(
o
A
(
T
f
r
m
e
o
a
v
a
Y
r
c
fi
v
v

p
a
g
s
v
a
t
o
r
(
p
m
t
w
2

v
S
w
T
t
a
S
a
A
t
(
h
Y
i
g

4

t
f
a
h
a
t
t
s
r
[
p
p
Y
p
o
t
s
o
h

Serious adverse events (one of the following outcomes: death, life-threatening i
ncludes YF-AND and YF-AVD).

c Yellow fever vaccine-associated neurotropic disease.
d Yellow fever vaccine-associated viscerotropic disease.

er 100,000 doses distributed. Analyses were performed using SAS
ersion 9.2 (SAS Institute Inc., Cary, NC).

. Results

From 2000 to 2006, 660 adverse events following YF vac-
ine administration that met the inclusion criteria for this study
ere reported to VAERS. Overall, 627 (95%) of these events were

eported to have occurred following primary YF vaccination; 33
5%) occurred in repeat vaccinees. The majority of reported events
ccurred in females (61%) and in persons aged 19–49 years (Table 1).
dverse events occurred within a median of 1 day after vaccination

range 0–50 days), and 60% occurred within 2 days of vaccination.
he most commonly reported adverse event coding terms included
ever, pain, pruritus, headache, injection site erythema, urticaria,
ash, nausea, dizziness, dyspnea, and fatigue (Table 2). Local inflam-
atory events accounted for a larger proportion of the adverse

vents reported by females than by males. Most of the events (71%)
ccurred after administration of YF vaccine given at the same time
s one or more additional vaccines; 29% of events occurred after YF
accine given alone. Age and sex distributions for events reported
fter YF vaccination given alone were similar to those reported after
F given in combination with other vaccines (Table 1). Seventy-two
eported events (11%) were classified as SAEs, including 12 YF-AND
ases, 6 YF-AVD cases, and 4 deaths (2 of the 4 deaths were classi-
ed as YF-AVD). All but 3 of the SAEs occurred following primary
accination; all YF-AVD and YF-AND cases occurred in primary YF
accinees.

Twenty-eight reported events were classified as probable ana-
hylactic reactions (Table 3). These events occurred in individuals
ged 6–55 years (median 23 years) and resulted in 22 emer-
ency room visits and 2 hospitalizations. Sixteen (64%) reports
tated that anaphylaxis symptoms began less than 1 hour after
accination. All the probable anaphylactic reactions occurred
fter primary vaccination, with the exception of three reports
hat did not list a dose number. Co-administration with at least
ne other vaccine was described in 20 (71%) of the 28 event
eports. Co-administered vaccines included hepatitis A vaccine
12), typhoid vaccine (9), hepatitis B virus vaccine (4), inactivated

oliovirus vaccine (4), meningococcal polysaccharide vaccine (3),
easles/mumps/rubella virus vaccine (2), and tetanus/diphtheria

oxoids vaccine (2). When the Brighton anaphylaxis case definition
as applied, 33 reports met the criteria for either Level 1 or Level
of diagnostic certainty.

a

s
(
1

, hospitalization, prolongation of an existing hospitalization, permanent disability;

The overall reporting rate of any adverse event following YF
accination was 43 per 100,000 doses distributed and that of all
AEs was 4.7 per 100,000 (Table 4). The reporting rate of YF-AND
as 0.8 per 100,000, and of YF-AVD was 0.4 per 100,000 doses.

he reporting rate for anaphylaxis was 1.8 per 100,000 doses dis-
ributed (2.2 per 100,000 when the Brighton case definition was
pplied). Among vaccinees aged ≥60 years, the reporting rates of
AEs, YF-AND and YF-AVD were 8.3 per 100,000, 1.8 per 100,000,
nd 1.4 per 100,000, respectively. The reporting rates of SAEs, YF-
ND and YF-AVD were highest among those ≥70 years. However,

he rate of anaphylaxis was higher among younger age groups
Table 4). Although the reporting rate of all adverse events was
igher in females than in males, the reporting rate of SAEs, YF-AND,
F-AVD and anaphylaxis were higher among males. The report-

ng rate of SAEs was consistently higher among males in all age
roups.

. Discussion

Most of the adverse events following YF vaccination reported
o VAERS from 2000 to 2006 were mild and self-limited, with
ever, pain, pruritus, headache, injection site erythema, urticaria,
nd rash being among the most commonly reported events. The
igher reporting rate of adverse events in females and preponder-
nce of local inflammatory events after YF vaccination are similar
o what has been described in VAERS reports after other vaccina-
ions [15], but the reason for this sex difference is unknown. Female
ex has also been associated with an increased risk of local adverse
eactions with influenza [16–18], pneumococcal [19], and anthrax
20] vaccines. The higher reporting rate of SAEs among males and
ersons aged ≥70 years is biologically plausible, given that some
revious reports and studies have shown that naturally acquired
F is more likely to be severe and fatal among males and elderly
ersons [2,21,22]. It is notable that several reports of YF-AVD have
ccurred among females under 30 years of age [23–26]. In fact, of
he 27 YF-AVD published cases identified worldwide (with age and
ex data), 75% of cases under age 40 were female, compared to 11%
f cases ≥40 years [10,23–39]. In the data analyzed in this study,
owever, the risk of SAEs was higher for males than females in all

ge groups.

The reporting rates for SAEs and anaphylaxis calculated in this
tudy are higher than those previously reported. Khromava et al.
2005) estimated the risk of any SAE following YF vaccination as
.6 per 100,000 doses (4.2 per 100,000 doses for those aged 60–69
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ears, and 7.5 per 100,000 doses for those ≥70 years), compared
ith the 4.7 per 100,000 doses calculated in our study (6.3 per

00,000 doses for those aged 60–69 years, and 12.6 per 100,000
oses for those ≥70 years) [7]. The risk of SAE for two other travel
accines, hepatitis A and typhoid, has been estimated at 1.4 and
.7 per 100,000 doses respectively [7]. Khromava et al. used the
egulatory definition for SAE (as was done in this analysis) with
n additional exclusion criterion; hospitalized cases of anaphylac-
ic reactions were not considered serious. Applying this additional
xclusion criterion to our analysis decreased the risk of SAE to
.4 per 100,000 doses. Kelso et al. [6] estimated 0.8 anaphylac-
ic reactions per 100,000 doses distributed, with probable cases
ccounting for only 0.4 anaphylactic reactions per 100,000 doses,
ompared with the 1.8 per 100,000 estimated in our analysis [6].
n order to compare the rates of anaphylaxis following yellow
ever vaccine over time, we focused on the definition of anaphy-
axis previously described by Kelso et al. [6]. However, when we
pplied the Brighton case definition for anaphylaxis to these data
he estimated reporting rate was further increased. The higher risk
ound in this study for SAEs and anaphylactic reactions might be
t least partially due to increased adverse event reporting follow-
ng CDC’s initiation of enhanced surveillance for adverse events
ollowing YF vaccination in 2001. Reporting rates of YF-AND and YF-
VD reported here are comparable with those previously reported
7,40].

The risk of acquiring YF for any given traveler is unknown and
epends on a number of factors including destination, season, local
F virus activity, and occupational and recreational activities while
raveling [40]. The risk of YF in an unvaccinated traveler to endemic
reas in West Africa during the highest risk season has been esti-
ated to be 50 per 100,000 for a 2-week stay, 10 times the risk for

ravelers to South America (5 per 100,000 travelers) [41]. The over-
ll risk of YF in all U.S. travelers has been estimated to be 0.05–0.5
er 100,000 travelers to endemic areas [40]. For any traveler, the
isk of SAEs should be balanced against the risk of acquiring YF. Vac-
ination should be limited to travelers with itineraries that present
risk of yellow fever that is reasonably expected to exceed the risk
f a severe adverse event after vaccination, or for which vaccination
s required to prevent introduction of YF.

This study has several limitations. Because VAERS is a passive
urveillance system, adverse events are likely underreported. The
eporting sensitivity of VAERS is unknown, but has been shown
o increase with the severity of the adverse event [42]. VAERS
eports are also subject to coding errors. Because reports can be
led by a number of different sources, including vaccinees and their

amily members, the accuracy and completeness of the informa-
ion provided in VAERS reports is variable. Most of the adverse
vents reported following YF vaccination (71%) occurred follow-
ng receipt of multiple vaccines. At least some of these adverse
vents may actually be reactions to other vaccines or some com-
ination thereof. Age and sex distributions of individuals with
dverse events following YF vaccine administered in combination
ith other vaccines and those following YF vaccine administered

lone were similar. However, we are unable to calculate the report-
ng rate of serious adverse events among persons receiving YF
accine given alone due to lack of availability of denominator data
or administration of multiple versus single vaccines.

Although previously conducted surveys of YF vaccine providers
ave indicated little wastage of vaccine, the number of doses sold
ight overestimate the number of doses administered, leading
o an underestimate of the risk of adverse events. The estimated
ge distribution of all civilian vaccinees from 2000 to 2006 was
etermined by data available for approximately 39% of persons vac-
inated in 2006. Whether these data are generalizable to all persons
accinated in 2006 is not known. Despite this limitation, since the
6 (2008) 6077–6082 6081

ata come from more than 1000 clinics, we think that these esti-
ates are more accurate that those used in previous studies, which
ere based on a 1998 survey of 13 travel clinics [8]. Annual reports
ublished by the International Trade Administration (ITA) indicate
hat the proportion of travelers’ aged ≥ 65 years has increased from
.8% in 2003 to 10.2% in 2006 (U.S. Department of Commerce, ITA,
006). This increase in proportion of elderly travelers over the time
eriod of the adverse event reports examined in this study could
ave caused us to underestimate the reported incidence of adverse
vents in this age group.

These findings reinforce the generally acceptable safety profile
f YF vaccine but highlight the importance of physician and traveler
ducation regarding the risks and benefits of YF vaccination, par-
icularly for elderly travelers. Travel itineraries should be carefully
onsidered and vaccination should be limited to persons travel-
ng to areas where the risk of YF is expected to exceed the risk of
AE after vaccination, or where national regulations require proof
f vaccination to avoid introduction of YF. Before vaccination is
iven solely to meet travel regulations, particular care should be
aken to assess any underlying risk factors that might predispose
o adverse events following vaccination and that could warrant a

edical waiver to vaccination. This paper reinforces the recom-
endation that travelers ≥60 years of age should discuss with their

hysicians the risks and benefits of vaccination in the context of
heir destination-specific risk for exposure to YF.
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