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Introduction

Yellow fever (YF) is a viral hemorrhagic fever endemic in tropi-
cal areas of Africa and South America, where it causes outbreaks 
at irregular intervals.1 A live attenuated vaccine (17D strain), 
available for more than 70 y, is the most effective way to pro-
tect against the disease. The vaccine is highly efficacious: 30 d 
after immunization, neutralizing antibodies are detected in 99% 
of vaccinees, and provides long-lasting protection (≥ 10 y). It is 
recommended for all persons aged ≥ 9 mo living in or traveling 
to endemic areas. Booster doses should be administered every 10 
y.2 Contraindications of YF vaccine includes: children aged < 6 
mo, immunocompromised hosts and persons with a history of 
anaphylaxis after a previous dose of the vaccine or after ingestion 
of egg. Pregnant women should not be vaccinated, unless at high-
risk.2 Adverse events (AE) following YF vaccination are usually 
mild: fever, malaise, headache and myalgia may be observed, 5 
to 10 d after vaccination, in 10 to 30% of vaccinees.3 Severe AE, 
such as hypersensitivity reactions, neurologic and viscerotropic 
disease may rarely occur.4

Introduction: Older age has been associated to serious adverse events (ae) following yellow fever (YF) vaccination in 
passive surveillance studies, but few prospective studies involving seniors have been published.

Results: Nine hundred and six persons were evaluated; 78 were not vaccinated and 828 received the vaccine; 700 
(84.7%) were interviewed after vaccination: 593 (84.7%) did not report any symptoms or signs following YF vaccine; 107 
(15.3%) reported at least one ae temporally associated to YF vaccination: 97 (13.9%) had systemic ae and 17 (2.4%) re-
ported ae at the injection site (7 had both systemic and local ae). Data regarding previous vaccination was available for 
655 subjects. statistically significant higher rates of systemic ae were observed among subjects who received the first YF 
vaccination (17.5%) in comparison to persons who had been previously vaccinated (9.5%).

Methods: This observational prospective study aimed to describe ae following YF vaccination in persons aged ≥ 60 
y. From March 2009 to april 2010, seniors who sought YF vaccination at a reference Immunization center in são paulo 
city, Brazil, were included. Demographic and clinical data, previous YF vaccination, travel destination and the final deci-
sion regarding YF vaccination or not were collected from standardized medical records. active ae assessment was done 
through telephone or electronic mail interview performed approximately 14 d after immunization.

Conclusion: Most persons aged ≥ 60 y may be safely vaccinated against YF. Before vaccination, they must be carefully 
screened for conditions associated to altered immunocompetence and for risk of exposure to YF.
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In Brazil, during the 2000s, the endemic area for YF has 
expanded from the Northern and Central-Western regions to 
Southeastern and Southern regions, highly populated areas with-
out prior recommendation for YF vaccination. From December 
2008 to April 2009, the expanding area of YF cases occurrence in 
Rio Grande do Sul and São Paulo states exceeded those classified 
as at risk, and the situation was characterized as “Public Health 
Emergency of National Concern”: 51 confirmed cases and 21 
deaths for YF (case-fatality rate, 41.2%) were reported in these 
states. The area with recommendation for YF vaccination has 
been expanded and the vaccination was intensified all over the 
country. From October 2008 to August 2009, 22,452,800 doses 
of YF vaccine were distributed (> 10 million doses in areas pre-
viously without vaccine recommendation). In the same period, 
there were 56 confirmed cases of severe AE following YF vaccine: 
47 neurotropic disease (no deaths) and 9 viscerotropic disease (9 
deaths).5

In São Paulo city, the most populous city in the Southeast 
of the country, outside the area with new recommendation for 
universal YF vaccination (Fig. 1), there was an increase in the 
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disease were more common in women (1.3% and 2.1%, respec-
tively) as compared with men (0.5% and 1.3% respectively). 
Most (54.3%) had not been previously vaccinated against YF 
(58.4% of women and 48.5% of men). The majority was travel-
ing to areas at risk of YF transmission (51.6% of all, 56.5% of 
men and 48% of women) or without risk of YF transmission but 
with vaccination requirement for travelers from Brazil (37.6%). 
Seventy seven persons had received the YF vaccine within the 
past 10 y but they did not have documentation of the previous 
vaccination and were traveling to countries that require interna-
tional certificate of YF vaccination. Among the 78 persons who 
were not vaccinated, 44 (56.4%) were traveling to areas without 
risk of YF, 16 (20.5%) had contraindication for YF vaccination 
due to altered immunocompetence and were instructed to use 
barrier measures; 7 (9%) had been vaccinated within the past 
10 y; 6 (7.7%) refused vaccination or decided to reconsider the 
travel after being informed about the AE associated to YF vac-
cine; and for 5 (6.4%) subjects, the reason for not administer-
ing the vaccine was not clear.

Seven hundred of the 828 (84.5%) vaccinees were success-
fully contacted after immunization; three of them spontane-
ously returned to the reference center due to AE. The interval 
between vaccination and the interview ranged from 6 to 155 d 
(median 28 d, standard deviation = 29). No symptoms or signs 
associated to YF vaccination was reported by 593 (84.7%) sub-
jects; the other 107 (15.3%) reported at least one adverse event 

demand for YF vaccine by travelers. Due to concerns or misinfor-
mation regarding the AE following YF vaccine and little experience 
in travelers’ vaccination, in some vaccination clinics, persons aged 
60 y and more who would travel to endemic areas were not vacci-
nated and were referred to a reference Immunization Center, lead-
ing to increased anxiety among seniors regarding YF vaccination.

This study aimed to describe the AE temporally associated to 
YF vaccination among persons aged 60 y and more who were vacci-
nated in a reference immunization center in São Paulo city, Brazil.

Results

Nine hundred and six persons aged 60 y and older sought the 
Immunization Center to be vaccinated: 828 (91.4%) received 
the YF vaccine and 78 (8.6%) were not vaccinated. The sub-
jects’ demographic data, chronic conditions, medications used, 
previous YF vaccination and travel destination are presented in 
Table 1. Most subjects (546/906, 60.3%) had active chronic 
conditions, of whom 35 (3.9%) had conditions that lead to 
altered immunocompetence (13 were vaccinated and 22 were 
not vaccinated); other 45 (5%) had previous malignancies 
(defined as those whose treatment had been ended more than 
one year before the visit). Most subjects were taking drugs for 
chronic conditions and eight (0.9%) were taking immunosup-
pressive drugs (one was vaccinated and seven were not vacci-
nated). Use of immunosuppressive therapy and autoimmune 

Figure 1. area of recommended yellow fever vaccination in Brazil, 2010.
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Table 1. Demographic characteristics, chronic conditions, medications used, previous yellow fever (YF) vaccination and travel destination, according to 
final decision of vaccinating or not, for 906 persons aged 60 y and older who sought YF vaccination in a reference Immunization center, in são paulo, 
Brazil, from March 2009 to april 2010

Vaccinated (828) n (%) Not-vaccinated (78) n (%) All (906) n (%)

Gender

Female 467 (56.4) 60 (76.9) 527 (58.2)

Male 361 (43.6) 18 (23.1) 379 (41.8)

Age
Min–Max 60–94 60–96 60–96

Mean 68 70 68

Median 67 67 67

standard deviation 6.4 7.7 6.6

Chronic conditions

chronic condition with altered immunocompetence 13 (1.6) 22 (28.2) 35 (3.9)

Other chronic conditions* 465 (56.1) 46 (59.0) 511 (56.4)

previous malignancies 42 (5.1) 3 (3.8) 45 (5.0)

None 308 (37.2) 7 (9.0) 315 (34.8)

Medications being used

Immunosuppressive drugs** or corticosteroids in immunosuppressive 
doses#

1 (0.1) 7 (9.0) 8 (0.9)

corticosteroids in lower doses or topical 12 (1.5) 11 (14.1) 23 (2.5)

Other drugs 491 (59.3) 44 (56.4) 535 (59.1)

None 296 (35.7) 7 (9.0) 303 (33.4)

Not reported 28 (3.4) 9 (11.5) 37 (4.1)

Previous YF vaccination

No 452 (54.6) 40 (51.3) 492 (54.3)

<10 years 77 (9.3) 12 (15.4) 89 (9.8)

>10 years 249 (30.1) 21 (26.9) 270 (29.8)

Not known / reported 50 (6) 5 (6.4) 55 (6.1)

Travel destination

area with risk of YF transmission 435 (52.5) 32 (41) 467 (51.6)

area without risk of YF transmission, but with vaccination requirement 
for travelers from Brazil

327 (39.5) 14 (18) 341 (37.6)

area without risk of YF transmission or vaccination requirement 62 (7.5) 32 (41) 94 (10.4)

Not reported 4 (0.5) 0 4 (0.4)

Note: *cardiovascular diseases, diabetes mellitus, lung diseases, liver diseases (not cirrhosis), non-dialysis kidney diseases, neurologic diseases, hyper-
tyroidism, hypotyroidism, prostatic hyperplasia, glaucoma, depression, polycythemia, pancreatic insuficiency, chronic urticaria, erythema nodosum, 
arthritis, dyspepsia. **Methotrexate (2), hydroxychloroquine (2), azathioprine (1), IL-6 Blocker (1). #prednisone ≥ 20 mg/day for > 14 d.

temporally associated to YF vaccination: 97 (13.9%) had sys-
temic AE (mainly myalgia, headache and fever) and 17 (2.4%) 
reported AE at the injection site (7 had both systemic and injec-
tion site AE) (Fig. 2). Injection site AE included local pain (6), 
erythema (5), pruritus (4) and ecchymosis (2). The mean interval 
between YF vaccination and the beginning of symptoms was 4.2 
d (ranging from 0 to 15 d) and the mean duration of symptoms 
was 2.7 d (ranging from 0.5 to 10 d). Among those 107 subjects 
who presented at least one AE temporally associated to YF vac-
cination, 69 (64.5%) had spontaneous resolution of symptoms, 
32 (30.5%) used symptomatic drugs (analgesic and antipyretic), 
five (4.8%) sought medical care and four (3.8%) had been sub-
mitted to laboratory tests. No serious AE attributable to YF vac-
cination (anaphylaxis, neurologic or viscerotropic disease) were 
observed. Two subjects have been hospitalized for myocardial 

infarction within two months of vaccination; one died and there 
is no information on the outcome of the other. Thirteen persons 
with altered immunocompetence who were traveling to endemic 
area were vaccinated since it was considered that the risk of YF 
transmission was higher than vaccination risks. Twelve of them 
were successfully contacted ten reported no symptoms or signs 
following YF vaccination and two presented mild AE. A woman 
with discoid lupus without systemic immunosuppressive drugs 
presented myalgia seven days after vaccination. The symptom 
had spontaneously resolved within four days. Another woman 
with rheumatoid arthritis without systemic immunosuppression 
had malaise and pruritus at the injection site one day after vac-
cination. The symptoms resolved spontaneously within 1 d (mal-
aise) and 7 d (pruritus).
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those 107 (15.3%) subjects who reported an AE. No serious AE 
was reported and the great majority of subjects who presented 
an AE did not require medical attention. Significantly higher 
rates of systemic AE were observed among persons who received 
the first YF vaccination (17.5%) in comparison to persons who 
had previously received one or more doses of the vaccine (9.5%). 
Not including a concurrent comparative younger age group was 
a limitation of our study, but the rates of mild to moderate AE 
following YF were similar to the rates reported in a clinical trial 
of three YF vaccines (17D or 17DD) conducted in Rio de Janeiro, 
involving 1,087 adults,11 in which local AE were observed in 3.3 
to 5.1% of subjects who received the vaccine and in 2.6% of sub-
jects in the placebo group, whereas systemic AE (mainly fever, 
headache and myalgia) were observed in 17.8 to 21.7% of vac-
cinees and in 14.3% of the placebo group.11 In other clinical tri-
als, the rates of AE following YF vaccination varied widely (from 
4% to 83%).3 Lower rates of AE were found by Monath et al. in 
subjects aged  ≥ 65 y (74.4%) than in subjects aged 18 to 44 y 
(83.3%).12 The lower frequency of AE observed in our study may 
be due to the fact that many subjects had received a previous dose 
of the YF vaccine (41.7% of the subjects interviewed about AE 
and for whom there are information regarding a previous dose of 
the vaccine).

Altered immunocompetence and use of immunossupressive 
drugs were more frequent in the not-vaccinated group, as show 
in Table 1. This was expected since they are contraindications to 
YF vaccination. Nevertheless, we vaccinated some people with 
those conditions, considering their high risk of YF exposure and 
mild immunocompromise, and no serious adverse events were 
observed among then.

Cases of neurotropic and viscerotropic disease associated to 
YF vaccination in persons aged ≥ 60 y have been reported13,14 
and several studies based on passive surveillance reported greater 
frequency of serious AE following YF vaccination in the elderly.15 
In one study, the estimated rates of serious AE reported were 6.3 
and 12.6/100,000 administered doses for persons aged 60–69 
and ≥ 70 y, respectively, in comparison to 2.7 to 4.6/100,000 
among those aged ≤ 59 y.16 The occurrence of such serious AE 
has not been fully understood.17 In Brazil, a study based on the 
passive National Surveillance System of AE following immuni-
zations estimated overall rates of serious AE as: hypersensitivity, 
0.9/100,000 vaccine doses; anaphylactic shock, 0.023/100,000; 
neurotropic disease, 0.084/100,000; and viscerotropic disease, 
0.019/100,000.18 Brazilian data also suggest an association 
between older age and higher rates of serious AE following YF 
vaccination. The reported rates of viscerotropic disease were 
0.019/100,000 administered doses of vaccine among persons 
aged 15 to 59 y and 0.047/100,000 among persons aged 60 y 
and more.18 Immunosenescence, greater frequency of chronic 
conditions and use of immunosuppressive drugs is expected in 
the elderly and may concur to the higher frequency of serious AE 
observed in this age group.

The sample size of our study was not sufficient to detect seri-
ous rare AE but it was fairly large, and sufficient to detect most 
frequent, mild to moderate AE. Additionally, the active assess-
ment of the AE following YF vaccination, through phone calls 

Table 2 presents the statistical analysis of the frequency of AE 
following YF vaccination according to age, gender, immunocom-
petence and previous YF vaccination. Significantly higher rates 
of systemic AE were observed among persons who received the 
first YF vaccination in comparison to persons who had previously 
received one or more doses of the vaccine. There was also higher 
rate of local AE among female subjects.

Discussion

In this study, most (84.7%) vaccinees did not present any AE fol-
lowing routine YF vaccination. Mild systemic AE, particularly 
myalgia, headache and fever, were most frequently reported by 

Table 2. statistic analysis of the frequency of adverse events (ae) follow-
ing yellow fever immunization in persons aged ³60 years, in são paulo, 
Brazil, 2009-2010.

systemic ae n/total (%)
Statistic 

test
P

age (years)
60-69

>70

69/437 (15.8)

 28/263 (10.6)
χ2=3.638 0.056

sex
Female 

Male
52/393 (13.2) 
45/307 (14.7)

χ2=0.294 0.588

altered immu-nocom-
petence

Yes

No

2/8 (25) 

95/692 (13.7)
Fisher=0.841 0.359

1st YF vaccine dose*
Yes

No

67/382 (17.5)

 26/273 (9.5)
χ2=8.397 0.004

Local AE

age (years)
60-69

>70

10/437 (2.1) 

7/263 (2.7)
χ2=0.97 0.756

sex
Female 

Male
15/393 (3.8) 
2/307 (0.7)

χ2=7.288 0.007

altered immu-nocom-
petence

Yes

No

1/8 (12.5) 

16/692 (2.3)
Fisher=3.459 0.063

1st YF vaccine dose*
Yes

No

9/382 (2.4) 

7/273 (2.6)
χ2=0.029 0.865

Total AE

age (years)
60-69

>70

74/437 (16.9) 

33/263 (12.5)
χ2=2.439 0.118

sex
Female 

Male
62/393 (15.8) 
45/307 (14.7)

χ2=0.166 0.683

altered immu-nocom-
petence

Yes

No

2/8 (25) 

105/692 (15.2)
Fisher=0.589 0.443

1st YF vaccine dose*
Yes

No

73/382 (19.1) 

30/273 (11)
χ2=7.923 0.005

Note: *Information on previous YF vaccination was available for only 655 
of 700 subjects who were sucessfully contacted for assessment of ae fol-
lowing vaccinatio
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Patients and Methods

This is an observational prospective study conducted at a ref-
erence Immunization Center (Centro de Referência para 
Imunobiológicos Especiais, CRIE) of the Hospital das Clínicas 
da Universidade de São Paulo (HC-FMUSP), from March 2009 
to April 2010.

Persons aged 60 y and older who sought the Immunization 
Center to receive the YF vaccine were invited to participate 
and enrolled in the study after signing an informed consent. 
Demographic data, chronic conditions, medications being used, 
previous YF vaccination, travel destination and the final decision 
regarding YF vaccination or not were collected from a standard-
ized form filled in by the attendant physician. Decision regarding 
YF vaccination or not were individually taken by the attendant 
physician based on travelers’ destination and risk of AE related 
to YF vaccination. All subjects were given information regarding 
the YF vaccine-associated AE and asked to return to the service 
in case of any AE temporally associated to vaccination. AE active 
assessment was done through a standardized telephone or elec-
tronic mail interview performed about 14 d after YF vaccination. 
The interview included questions regarding local and systemic 
AE. Solicited AE included fever, headache, myalgia, jaundice, 
pain, edema and erythema. The date of AE onset, duration of 
symptoms, medical care and medications used were also actively 
asked. Fever, fatigue, diarrhea, pain and local AE were defined 
according to the Brighton Collaboration Group.6-10

The 17DD Yellow Fever Vaccine from Bio-Manguinhos/
Fiocruz was used for all vaccinees. The rates of systemic and 
local AE following YF vaccination are described. The rates of 
AE were analyzed by age (60–69 y and 70 and more), sex, pres-
ence of altered immunocompetence and dose of vaccine (first 

or electronic mail, allowed higher sensitivity to detect mild and 
self-limited AE. This approach was well accepted by the subjects 
only two persons refused to be called by the researchers. A previ-
ous study assessed AE following YF vaccination through phone 
call and internet, but the subjects, aged from 1 to 83 y (mean 
44.4 y), should call the researchers to report any AE.19 The most 
frequent AE were fever, myalgia and headache, similarly to the 
observed in our study, but Durbin et al. also detected a case of 
jaundice.17

Another limitation of our study was the short interval between 
YF vaccination and traveling, which hampered the contact with 
the subjects within the programmed time. This was the main rea-
son for the lack of information on AE following YF vaccination 
in 15.4% of the participants. In addition, part of the subjects was 
contacted only after their trip, which may have led to memory 
bias, especially for mild AE. However, it is unlikely that moder-
ate to serious AE have been missed.

In our study, the frequency of systemic AE was significantly 
higher in seniors who received their first YF vaccination. Such 
association would be expected for live attenuated vaccines, as the 
case of YF vaccine. Camacho et al. reported significantly higher 
viremia in subjects who were seronegative before vaccination and 
also higher, although not statistically significant, frequency of 
systemic AE following YF vaccination in persons with detectable 
viremia.11 Roukens et al. found higher and long-lasting viremia 
in the elderly.20

Most persons aged ≥ 60 y may be safely vaccinated against YF, 
however they must be carefully screened for conditions associated 
to altered immunocompetence and for risk of exposure to YF.

Further studies evaluating the safety, immunogenicity of YF 
vaccine, as well as the duration of protection in the elderly are 
necessary.

Figure 2. categorization of adverse events (ae) among the 107 persons aged ≥ 60 y that reported ae following YF vaccination. sao paulo, Brazil, 
2009–2010. *Flushing (1), weakness (2), diarrhea (2), abdominal pain (1), anorexia (1), feeling of heaviness in legs (1).
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