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a  b  s  t  r  a  c  t

Purpose:  To  identify  the  rate  of  serious  adverse  events  attributable  to  yellow  fever  vaccination  with  17D
and  17DD  strains  reported  in  active  and  passive  surveillance  data.
Methods:  We  conducted  a systematic  review  of  published  literature  on  adverse  events  associated  with
yellow fever.  We  searched  9  electronic  databases  for  peer  reviewed  and  grey  literature  in  all  languages.
There  were  no  restrictions  on date  of publication.  Reference  lists  of  key  studies  were  also  reviewed  to
identify additional  studies.
Principal  results:  We  identified  66  relevant  studies:  24  used  active,  17  a  combination  of  passive  and  active
(15 of which  were  pharmacovigilance  databases),  and  25  passive  surveillance.
Active  surveillance:  A  total  of  2,660,929  patients  in  general  populations  were  followed  for  adverse  events
after vaccination,  heavily  weighted  (97.7%)  by one  large  Brazilian  study.  There  were  no observed  cases  of
viscerotropic  or  neurotropic  disease,  one  of  anaphylaxis  and  26  cases  of  urticaria  (hypersensitivity).  We
also  identified  four  studies  of infants  and  children  (n  =  2199),  four  studies  of  women  (n =  1334),  and  one
study  of  174  HIV+,  and  no  serious  adverse  events  were  observed.
Pharmacovigilance  databases:  10 of the  15  databases  contributed  data  to  this  review,  with  107,621,154
patients,  heavily  weighted  (94%)  by the  Brazilian  database.  The  estimates  for  Australia  were  low  at
0/210,656  for  “severe  neurological  disease”  and  1/210,656  for YEL-AVD,  and  also  low  for  Brazil  with
9  hypersensitivity  events,  0.23  anaphylactic  shock  events,  0.84  neurologic  syndrome  events  and  0.19  vis-
cerotropic  events  cases/million  doses.  The  five  analyses  of  partly  overlapping  periods  for  the  US  VAERS
database  provided  an  estimate  of  6.6  YEL-AVD  and  YEL-AND  cases  per million,  and  estimates  between
11.1  and  15.6  of  overall  “serious  adverse  events”  per  million.  The  estimates  for the  UK  were  higher  at  34
“serious  adverse  events”  and  also  for  Switzerland  with  14.6 “neurologic  events”  and  40  “serious  events
not neurological”/million  doses.
Passive  surveillance:  Six  studies  of  campaigns  in  general  populations  included  94,500,528  individuals,
very  heavily  weighted  (99%)  by  the  Brazilian  data,  and  providing  an  estimate  of  0.51  serious  AEFIs/million
doses.  Five  retrospective  reviews  of  hospital  or clinic  records  included  60,698  individuals,  and  no  seri-
ous AEFIs  were  proven.  The  data  are  heavily  weighted  (96%)  by  the  data  from  the  Hospital  for  Tropical
Diseases,  London.  Two  studies  included  35,723  children,  four studies  included  138  pregnant  women,  six
studies  included  191  HIV+  patients,  and  there  was  one  review  of  patients  who  were  HIV+,  and  no  serious

AEFIs  were  proven.
Major conclusions:  The  databases  in  each  country  used  different  definitions,  protocols,  surveillance  mech-
anisms  for  the  initial  identification  and  reporting  of  cases,  and  strategies  for the  clinical  and  laboratory
follow  up  of  cases.  The  pharmacovigilance  databases  provide  three  sets  of  estimates:  a  low  estimate  from
the  Brazilian  and  Australian  data,  a  medium  estimate  from  the  US  VAERS  data,  and  a  higher  estimate  from
the UK  and Swiss  data.  The  esti

bbreviations: AEFI, adverse event following immunization; PCR, polymerase chain
eaction; YEL-AND, yellow-fever associated neurologic disease; YEL-AVD, yellow-
ever associated viscerotropic disease; YFV, yellow fever vaccine.
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mates  from  the  active  surveillance  data  are  lower  (and  strongly  influenced
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by  the  Brazilian  data)  and  the  estimates  from  the passive  surveillance  studies  are  also  lower (strongly
influenced  by  the  London  Hospital  for  Tropical  Diseases  data  from  the early  1950s).  Sophisticated  pathol-
ogy,  histopathology  and  tests  such  as  PCR  amplicon  sequencing  are  needed  to prove  that  serious  adverse
events  were  actually  caused  by  the  yellow  fever  vaccine,  and  the  availability  of  such  diagnostic  capabil-
ity  is  strongly  biased  towards  recent  reports  from  developed  countries.  Despite  these  variations  in  the
estimation  of  serious  harm,  overall  the  17D and  17DD  yellow  fever  vaccine  has  proven  to  be  a  very  safe
vaccine  and  is highly  effective  against  an  illness  with  high  potential  mortality  rates.
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. Introduction

Yellow fever (YF) is a mosquito-borne viral disease with
eported fatality rates ranging from 20% to 80% due to two principal
yndromes: YEL-AND (yellow-fever associated neurologic dis-
ase, which includes encephalitis, myelitis or myelo-encephalitis
ADEM]), and YEL-AVD (yellow-fever associated viscerotropic dis-
ase, which usually involves multi-organ failure including liver,
enal and circulatory failure) [1].  Yellow fever is present in both
he rural and urban tropical areas of 45 endemic countries in Africa
nd Latin America, with a potential combined population of over
00 million individuals.

Serious adverse events attributable to vaccination include YEL-
ND, YEL-AVD and anaphylaxis. Overall, yellow fever vaccine has
ery low reported rates of adverse events as evidenced by the more
han 600 million doses have been successfully distributed since
939, but there has been a series of reports of serious adverse
vents after yellow fever vaccine [2–13]. There is thus the need
o continue to protect by vaccination hundreds of millions of indi-
iduals in endemic countries, but determine the rates of serious
dverse events, and identify risk factors for serious adverse events
or certain populations, such as HIV positive individuals.

The Brighton Collaboration envisaged developing guidelines for
he standardized collection, analysis and presentation of vaccine
afety data [14] which would require 50–100 guidelines for stan-
ardized case definitions of AEFIs [15] and to date 24 guidelines
ave been developed [16]. The Brighton Collaboration [17] specified

or surveillance systems 45 detailed criteria for a “desirable stan-
ard for collection of vaccine safety data,” and these 2009 Guideline
roposals harmonise with the ICH and CIOMS guidelines [18,19].

Although the guidelines specify the optimum amount and qual-
ty of data to be collected to assess definitively if an adverse event
r a serious adverse event can be attributed to yellow fever vac-
ine, organizations may  not have enough resources or trained staff

case of yellow fever vaccine the differential diagnosis for the symp-
toms of possible serious neurologic AEFIs includes a wide range of
pathogens that can cause encephalitis/meningitis-like symptoms,
and for serious viscerotropic syndrome includes a wide range of
pathogens that can cause liver and multi-system failure. Specific
laboratory investigations are required to rule in yellow fever vac-
cine and rule out other pathogens.

We defined active surveillance as occurring when the study
design and execution achieved or had the likelihood of a high suc-
cess rate in identifying both every person who received yellow fever
vaccine and following them through the first 30 days after vacci-
nation to assess serious adverse reactions such as AND or AVD by
collecting all the data required to make a definitive judgment. An
example of active surveillance is Belmusto-Worn et al. [20]:

All AES were recorded in the case report forms, including sever-
ity, the investigator’s assessment of causality (relationship to
study vaccine), start date and end date, and whether treat-
ment was  required. Children failing to attend scheduled visits
were visited at home. Parents/guardians were instructed to
return to the clinic if the child developed a fever (oral temper-
ature ≥ 38C/100.4F) or if they were in any way concerned with
the health of their child during the follow up period (days 1–31).
Subjects who developed a generalized febrile illness within the
first 10 days post-vaccination were carefully evaluated. The
study’s on-site investigator determined if there was a plausi-
ble explanation for the illness, such as a respiratory infection. If
there was no plausible explanation, a blood sample was taken
to help determine the nature of illness (by liver function tests
and viremia) [20].

The preface to the Brighton Guidelines [17] notes the limitations
that can occur with passive surveillance for AEFIs: underreporting,
variable and often incomplete reports, the high frequency of incom-
plete follow-up of outcome information, limited or no access to
hospital or laboratory records, lack of a reliable denominator, and
o implement the guidelines in full, and the quality of data from
oth active and passive surveillance systems needs to be assessed.
ctive surveillance for AEFIs requires regular assessment in person
f all vaccinated individuals by specifically trained assessors. In the
inability to determine the temporal relationship of the vaccine to an

AEFI. The Guidelines note, however, that passive surveillance sys-
tems can provide advantages: large numbers of reports over time,
and the ability to observe trends in cases and clusters which can
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ead to improved epidemiological monitoring and investigation.
he authors of the Brighton guidelines for anaphylaxis identified
wo main barriers to implementation of their detailed Guideline:
ealth care providers are unlikely to spontaneously report enough
ymptoms and signs to allow application of the Brighton Guide-
ines, and reporters are likely to be inconsistent is the use of terms.
o improve the data collected about anaphylaxis by passive surveil-
ance systems they provide an abbreviated checklist for primary
are providers, and such abbreviated checklists may  be helpful in
mproving data collection in surveillance systems, reserving the full
uidelines for RCTs or studies with adequate resources to imple-
ent them.
We  defined passive surveillance as occurring when the data col-

ection process gathered information from persons and data about
erious adverse effects in a passive manner such that the total num-
er of individuals and the data used to make definitive judgments
bout the individuals is known to be incomplete or runs a risk of
eing incomplete. An example of passive surveillance is Oyelami
t al. [21]:

“An unusual outbreak of post-vaccination reactions to 17D
yellow fever vaccine in Shaki, Nigeria, May 1987.” Pas-
sive surveillance consisted of studying the 25 patients who
presented at the Baptist Hospital, Shaki, with: “... rapidly
progressing swelling of the left arm, fever and associated con-
stitutional symptoms...” [21] [i.e. no attempt to track down each
vaccinee and assess symptoms]

An example of a combination of active and passive surveillance
s Nasidi et al. [22]:

Follow-up of the subjects was carried on both passively, when
the pregnant women called at the hospital for routine medical
visits or for tetanus toxoid vaccinations, or actively, when they
were visited at their homes by the social workers or hospital
staff. Information about a pregnant woman or about mother and
child was obtained regularly at intervals of about 2–8 weeks.
Physical examination of both mother and child or pregnant
women was done regularly. Newborn children were monitored
using established indices for child growth and development
[22].

Our research objective was to assess and compare the rates
f serious adverse events following yellow fever vaccination as
eported through active and passive surveillance methods, and
ssess possible reasons for any differences in estimates.

. Methods

We searched these electronic databases: the Cochrane Library,
ncluding the Cochrane CENTRAL Register of Controlled Trials, the
ochrane Database of Systematic Reviews and the NHS Database
f Abstracts of Reviews of Effects (DARE), MEDLINE (OVID 1950
o present), EMBASE (OVID 1980 to present), BIOSIS Previews
ISI 1980 to present), Global Health (OVID 1910 to present), CAB
bstracts (OVID 1910 to present), and the Lilacs Database of Latin
merican and Caribbean literature to identify studies appropriate

or inclusion in this review. A list of search terms is available by
ontacting the authors. The searches included all languages. No
ate limits were applied. Web  of Science and PubMED’s Related
rticles feature were used to identify additional articles that cite
elevant studies retrieved through database searching. Reference
ists of included papers were scanned to identify additional studies

f relevance.

All abstracts were independently read by two reviewers and
ncluded if they reported data on or risk factors associated with
erious yellow fever vaccination adverse events. If relevance could
9 (2011) 4544– 4555

not be judged on the basis of the title or abstract, the full text article
was read independently by two reviewers. Disagreements at any
stage were resolved by consensus or referral to a third reviewer.

Serious adverse events included YEL-AND, YEL-AVD, ana-
phylaxis/hypersensitivity and other life threatening events. Life
threatening events were defined as medical conditions which could
in theory result in death or severe disability affecting a person’s
autonomy, even if the affected individuals do not suffer any of these
outcomes during the course of their illness [23].

We computed the 95% confidence limits for serious adverse
event rates for studies where active surveillance methods were
present for an appropriate duration to ensure that all serious AEFIs
were detected, a reasonable estimate of the denominator was pre-
sented, and only where we could group studies to achieve more
than one million vaccinees. We  did not compute rates for smaller
numbers as when we observed the high apparent upper limits and
the imprecision of the estimates concerns could be erroneously
ascribed to the safety of the vaccine rather than appropriately
ascribed to the small size of the studies. For example, if a study with
200 subjects identified no serious AEFIs, the upper limit for the seri-
ous AEFI 95% confidence interval could be as high as one expected
event per 55 vaccinations, and the overall literature suggests this
is completely unrealistic. For zero rate estimates the lower limit of
the 95% confidence interval is negative, which does not make sense,
and instead is reported as zero.

For RCTs we followed the Cochrane Collaboration Handbook and
RevMan 5.1 software in assessing six sources of bias: randomiza-
tion, concealment of allocation, blinding, incomplete data, selective
reporting, and other sources of bias.

3. Results

3.1. Literature search

We  identified 2415 abstracts, of which 472 were selected for
full text review. Of the 201 studies included in the review 24 used
active surveillance (of which 10 were RCTs), 17 used a combination
of active and passive surveillance (of which 15 were pharmacovig-
ilance databases) [20,22,24–47] and 25 used passive surveillance
(Fig. 1).

3.2. Active surveillance: general populations

We identified 17 studies of general popula-
tions [25,27–32,34–36,38,40–42,46,24,48] but only 14
[25,27,29–32,34–36,40–42,46,48] contributed to the analysis
as the follow up was  too brief in three to detect all serious AEFIs.
Seven of these 14 studies were RCTs [25,32,34–36,40,42]. Two
of the RCTs were of military personnel [36,42] and both were
at moderate risk of bias: neither described a strong method of
randomisation, concealment or blinding. Five of the RCT’s were
of populations in the community [25,32,34,35,40] and two of
these were at low risk of bias [25,32] and three at moderate risk
[34,35,40]. Only one RCT described a strong method of randomi-
sation [25]; three RCTs were described as double-blind with no
further description [25,32,35],  and three provided reporting for
nearly all participants [25,32,40].

A total of 2,660,929 patients were followed for adverse events
after vaccination, heavily weighted (97.7%) by one large study [30].
There were no observed cases of viscerotropic or neurotropic dis-
ease, one of anaphylaxis and 26 cases of urticaria (hypersensitivity).

Fitzner’s active surveillance techniques [30] were comprehensive:
personnel were trained on AEFI diagnosis and were asked to call
an ambulance in the case of an acute AEFI; supervisors then com-
pleted AEFI forms, which were reviewed by their own  supervisors;
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Fig. 1. PRISMA flow sh

he 57 major health facilities, including all hospitals in Abidjan,
ere informed about surveillance methods, case definitions of sus-
ected yellow fever and AEFIs; physicians telephoned the facilities
aily during the campaign and until four weeks after the campaign
o ascertain if possible cases had presented; physicians ascertained
ases by visits to patients, reviewed the patient’s history, collected
lood samples and additional samples to exclude coincidental ill-
esses, and completed assessment forms; and a pharmacovigilance
xpert committee reviewed this data on the AEFIs and decided
urther case investigations.

Based on this group of studies which used active surveillance,
ominated by Fitzner’s large study, we suggest the 95% confidence

nterval for anaphylaxis is 0.009–2.1 events per million vaccina-
ions, or equivalently, at most one anaphylactic event is expected in
very 480,000–105 million vaccinations. For hypersensitivity, the
5% confidence interval is between 6.4 and 14.3 expected events
er million vaccinations, or equivalently, we expect one case of
ypersensitivity in every 70,000–150,000 vaccinations. For vis-
erotropic and neurotropic disease, the expected 95% confidence
nterval is for a rate between 0 and 1.39 events per million doses,
r equivalently, at most one event per 720,000 (Table 2).

Active surveillance: Infants and children, pregnant females,
IV + individuals, and individuals with rheumatological diseases

Table 3).
We identified four studies of infants and children [20,33,37,44]

ll of which were RCTs. Two RCTs are at low [20,37] and two  at
oderate [33,44] risk of bias. None described the method of ran-

omisation other than to say that the children “were randomised,”
.e. they did not describe a strong method of randomisation. Two
escribed concealment of the allocation from the researchers and
linded participants [20,44]. Not surprisingly in studies of vacci-

ating children, two of the four studies experienced attrition of
articipants.

A total of 2199 children were vaccinated and no serious adverse
vents were recorded. A small amount of data is available and the
f assessment of cases.

serious adverse events rate is thus associated with a wide confi-
dence interval. The observed serious adverse events rate was zero,
suggesting that the best estimate of the serious risk from adverse
events is zero. However, as there are very little data, that num-
ber could be as high as 1.67 expected serious adverse events/1000
vaccinations. The primary conclusion is that more data is needed
specifically on infants and children to accurately assess the true risk
of serious adverse events in this population.

We identified four studies of pregnant women [22,26,39,45],
which included 1334 cases. Rates of adverse events above those
routinely expected in pregnancy were not found. Similar to the
situation with the infants and children, we  have insufficient data
to obtain a reasonably precise estimate of the serious adverse
events rate among these women. It was  observed that there was
no increased risk of serious pre- or post-natal adverse outcomes
among these 1334 women. Statistically speaking, the rate of seri-
ous adverse events rate could be as high as 2.77/1000 vaccinations,
at the 95% confidence level but it should be made clear that it could
also be as low as zero events. More data are required to be certain
of the actual serious adverse event rate.

We identified one study [47] of 174 HIV+ individuals who
had received 17D or 17DD, and no serious adverse events were
observed. Veit et al. [49] reviewed the literature on serious adverse
events in HIV+ individuals post YFV and concluded the risk for
serious adverse events is unknown.

3.3. Combined active and passive surveillance:
pharmacovigilance databases

Pharmacovigilance databases combine a passive surveillance
system (awaiting reports) and then an active system of following

up reports for more details. We identified 15 pharmacovigilance
databases [8,12,35,50–61] of which 10 contributed data to this
review [8,12,35,55–61].  There are five analyses of partly over-
lapping periods for the US VAERS database [8,12,55,58,61] for
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Table 1
Study surveillance methods and adverse events.

Author, country, vaccine, participants Active surveillance method Serious yellow fever
vaccine-associated adverse events

Military personnel or prisoners
Dick [28] 17D; Uganda 1946; 103 male Africans

Central Prison, Luzira vaccinated by scarification
1/10 recommended dosage; 107 by subcutaneous
injection, diluted 1/10

Daily sick parade [did not contribute data to this review as
dosages 1/10 of recommended dose]

0 off-duty or hospitalizations

Dick  and Horgan [27] female patients mental hospital
Uganda; 17D; 25 by scarification combined YFV and
smallpox; 25 subcutaneously YFV and scarification
with smallpox

Daily medical supervision by physician; examined by authors
2,  8 and 28 days after vaccination

0

Edwan [29] 17D; Jordanian peacekeepers in Eritrea,
2002; also hepatitis B, typhoid, meningitis, tetanus 1
month later (n = 963)

Instructed to report to health care providers any adverse
reactions; form about expected complications filled by
vaccination team

0

Hahn [31] 17D; “volunteers” in Nigerian leprosarium
1969; 20 17D; 20 also smallpox

Surveillance for 6 months; temperatures twice daily; all
intercurrent illnesses observed for several weeks

0

Moss-Blundell et al. [36] RCT; 17D; UK; Sandhurst
Cadets at received smallpox, oral polio,
typhoid/paratyphoid/tetanus or typhoid vaccines 3
and 7 weeks before YFV (n = 668)

Vaccinees questioned about vaccination reactions 2 and 11
weeks; 90 kept a diary for 10 days after vaccination

0

Roche et al. [42] RCT; French naval recruits; 17D
(n = 297)

Vaccinees remained in Unit 1 month, followed by physicians of
the recruits’ Unit

0

Tauraso et al. [46] U.S Midshipmen, 1970; 17D; also
smallpox vaccine (n = 526)

Interview and physical exam to assess response to smallpox
vaccine

0

Community residents
Ambrosch et al. [24] Austria; medical students; 17D

plus Typhim Vi; (n = 209)
Self-surveillance questionnaires for recording local reactions
days 0–7 [did not contribute data to this review as only
monitored to day 7]

0 (only monitored until day 7)

Camacho et al. [25] RCT; Brazil; 17DD (n = 538); 17D
(n  = 269); placebo (n = 271)

Past and current health conditions; all signs, symptoms,
medical procedures within 30 days; diary cards; liver enzymes
before vaccination, also between days 4 and 20, and 30 days
after

0

Fitzner et al. [30] Ivory Coast; 2001; 17D; age > 9
months; 17D (n = 2.6 million)

Personnel trained on AEFI diagnosis and to call ambulance for
acute AEFI; supervisors completed AEFI forms, reviewed by
their supervisors; 57 major health facilities including all
hospitals in Abidjan informed about surveillance, case
definitions of suspected yellow fever and AEFI; physicians
called facilities daily during campaign and until four weeks
after campaign for cases; physicians ascertained cases by visit
to  patients, completion of forms, reviewed patient history,
collected blood sample and additional samples to exclude
coincidental illnesses; pharmacovigilance expert committee
reviewed AEFIs, decided further case investigations

26 urticaria, 1 anaphylactic shock

Lang  et al. [32] RCT; UK; 17D (n = 211) Self-monitoring form for systemic events within 28 days; liver
function tests before and 28 days after vaccination; follow up
10–14 days and 1 month

0

Monath [34] RCT; US; 17D (n = 1440) Telephone interview day 5, in clinic days 11 and 31; diary days
1  through 10; scripted questions to prompt reporting systemic
reactions

0

Monath et al. [35] RCT; UK; 17D “Most... did not
receive another vaccine.” (n = 3092)

Diary checked by a scripted interview days 14 and 35 0

Panthier and Husson [38] Institut Pasteur, Paris; 17D;
1953–1957 (n = 18,006)

Patients with allergies tested with intradermal YFV injection;
only assessed during clinic so only severe adverse reactions on
first day could have been observed [did not contribute data to
this  review as patients only monitored for 20 min]

1 allergic reaction with asthma
(patients only monitored for
20 min)

Pfister et al. [40] RCT; healthy adults 18–60 years old;
(n = 304)

Diary card days 1–14; follow-up visit day 29 0

Pivetaud et al. [41] Bordeaux; 17D; age > 1 year
(n = 370)

Contacted by phone or questioned during a second vaccination. 0

Smith et al. [43] 17D; Brazil; Paraguay; mostly workers
on  rural fazendas (estates); (n = 52,052)

“... arrangements were made for the sanitary inspector and
technical assistant to live on the fazendas and interview each
vaccinated person daily, taking his temperature and carefully
noting any symptoms which occurred. One of the doctors
made daily visits to each fazenda to examine any person who
complained of symptoms.... the failure of any vaccinated
person to report for work could be promptly noted and
investigated. The inspector had instructions to telephone
immediately to the doctor in charge should any severe or
unusual reactions be observed.”

0

Infants and children
Belmusto-Worn et al. [20] RCT; Peru; 2002; 17D

(n = 1107)
Case reports (severity and causality assessment); children not
attending scheduled visits visited at home; parents/guardians
instructed to return to clinic if child fever ≥38 ◦C or any
concerns days 1 to 31; children with fever in first 10 days
evaluated; study on-site investigator determined if plausible
explanation, blood sample for liver function tests and viremia

0
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Table  1 (Continued)

Author, country, vaccine, participants Active surveillance method Serious yellow fever
vaccine-associated adverse events

Lhuillier et al. [33] RCT; Ivory Coast; 17D and measles
vaccine; infants 6–9 months; (n = 219)

Questioned mother; analysis of reasons for visiting
dispensaries

0

Osei-Kwasi et al. [37] RCT; 17 D; Ghana; also received
BCG, OPV, DPT; (n = 420)

Mothers instructed to come to clinic if child unwell; clinic visit
day 10 (temperature measured, information on adverse
reactions with questionnaire); those not attending visited at
home

0

Soula  et al. [44] RCT; Mali; 17D and/or measles
vaccine; children 6–24 months; 1988–9; (n = 453)

Temperatures days 2, 7, 14; enquiry for general reactions
(rash, cough, conjunctivitis, gastro-intestinal troubles,
convulsions, general malaise and any other signs discovered by
the investigator)

0 (surveillance only up to 14 days)

Pregnant females
Cavalcanti et al. [26] Campinas Region Brazil; 17DD;

pregnant women  who  inadvertently received YFV
(n  = 312)

304 babies exposed in utero followed up at birth and 1 month
to  1 year; compared to 10,691 births in the region 1997–1999
for structural defects in exposed babies.

No differences in 7 types of major
malformations except Down’s
Syndrome (3 cases in babies
exposed in utero to YFV)

Nasidi et al. [22] Nigeria; 17D; pregnant females aged
15–50; 1986–7 (n = 101)

Routine medical visits; home visits; regular physical
examinations; newborns monitored for growth and
development

0; no physical or psychological
abnormality

Papaiordanou et al. [39] Campinas Region, Brazil;
17DD; pregnant women  inadvertently vaccinated
during campaign; 91% <13 weeks pregnant at
vaccination (n = 488)

Prospective cohort evaluated adverse effects, seroconversion,
perinatal results and teratogenicity (98% mothers had YF
antibodies)

0

Suzano et al. [45] Campinas Region, Brazil; 17DD; 480
pregnant women  vaccinated inadvertently at
average 5.7 weeks gestation; (441 followed up)

3 antenatal visits; for women from Campinas placenta and
umbilical cord PCR, neonatal serology (IgM by MAC-ELISA, IgG
by  PRNT; transfontanel ultrasound, brainstem-evoked
response audiometry; fundoscopy, clinical dysmorphologic
and neurological exam, and visits at 3, 6 and 12 months for
clinical and serological evaluation)

98.2% women + YF IgM 6 weeks
after vaccination. No IgM
antibodies at birth in any infant, 0
of 15 RT-PCR samples from cord
blood or placenta positive; 304
evaluated by geneticist: all rates
similar to general population

HIV  + patients
Veit et al. [47] Swiss HIV Cohort Study; 4 of 7 centres

participated; individuals reporting journey to
tropical destination 1996–2005; standardised
criteria on structured forms at enrolment and at 6
monthly follow-up; plasma samples at each visit
(n = 102)

Asked during about travel, 17D and immunosuppressive
medication during consultation, by phone, questionnaires or
chart reviews; vaccination card checked for other live
vaccines; charts for deceased patients checked for correlation
of  death to 17DV receipt or AE; Swiss vaccination surveillance
system queried for SAEs after 17D

9181 participants in SHCS (2648
had traveled to a tropical country,
696 evaluated for 17D); report
focused on 102 who  received 17D
after HIV diagnosis; no AEFIs

R V = ye
y bent; 

1
s
2
a

T
S

A

CT = randomized controlled trial; AEFI = adverse event following immunization; YF
ellow  fever vaccine; MAC-ELISA = M antibody-capture enzyme-linked immunosor

990–2006, with about 3,303,000 vaccinations; one of the Brazilian
ystem with 101,564,083 [59]; two of the Australian database with

10,656 [56,57];  one of ARILVAX in the UK with 1,043,415 [35]; and

 Swiss database with 1,500,000 [60].

able 2
erious adverse events in studies of patients who  received 17D or 17DD yellow fever vac

Section Author (year) Vaccinations Hy

Military Moss-Blundel et al. (1981) [36] 668 0 

Edwan (2004) [29] 963 0 

Roche et al. (1986) [42] 297 0 

Tauraso et al. (1972) [46] 526 0 

Hospitals/prisons Dick and Horgan (1952) [27] 50 0 

Hahn (1951) [31] 40 0 

Community RCTs Camacho et al. (2005) [25] 807 0 

Lang et al. (1999) [32] 211 0 

Monath et al. (2005) [34] 1440 0 

Monath et al. (2005) [35] 3092 0 

Pfister et al. (2005) [40] 304 0 

Community vaccination
campaigns

Fitzner et al. (2004) [30] 2,600,000 26

Smith et al. (1938) [43] 52,052 0 

Pivetaud et al. (1986) [41] 479 0 

TOTAL  2,660,929 26 0 

95%  Confidence interval for
serious AEFI rate per
million vaccinations

6.4

One  expected event per 70

EFI = adverse event following immunization; 17D = 17D strain of yellow fever vaccine; 1
llow fever vaccine; 17D = 17D strain of yellow fever vaccine; 17DD = 17DD strain of
PRNT = plaque reduction neutralization test.

3.4. US VAERS system
Martin et al. [58] reviewed reports 1990–1998 of “death, hospi-
talization, or disability, a life-threatening illness, or illness requiring
an emergency room or doctor visit.” A systemic adverse event was
defined as “a multi-systemic (excluding anaphylaxis) or neurologic

cine: general populations, active surveillance.

per-sensitivity Neurotropic
disease

Viscero tropic
disease

Anaphylaxis

0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

 0 0 1

0 0 0
0 0 0
0 1

–14.3 0–1.39 0–1.39 0.009–2.1

,000–150,000 720,000 at most 720,000 at most 480,000–105 million

7DD = 17DD strain of yellow fever vaccine.
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Table 3
Serious adverse events in studies of patients who received 17D or 17DD yellow fever vaccine: infants and children, pregnant females, and HIV + patients, active surveillance.

Section Author (year) Vaccinations Hyper-sensitivity Neurotropic disease Viscero tropic disease Anaphy laxis

Infants and Children Belmusto-Worn et al. (2005) [20] 1107 0 0 0 0
Lhuillier et al. (1989) [33] 410 0 0 0 0
Osei-Kwasi et al. (2001) [37] 420 0 0 0 0
Soula  (1991) [44] 453 0 0 0 0

Pregnant females Cavalcanti et al. (2007) [26] 312 0 0 0 0
Nasidi etal. (1993) [22] 101 0 0 0 0
Papaiordanou et al. (2001) [39] 488 0 0 0 0
Suzano et al. (2006) [45] 441 0 0 0 0

HIV+ Veit et al. (2009) [47] 102 0 0 0 0
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huillier et al. [33] and Nasidi et al. [22] used active surveillance with an addition
ellow  fever vaccine.

eaction.” “Other adverse events” were defined as “uncomplicated
eurologic or systemic, hypersensitivity or local reaction” and were
ot included. Events in children <15 years or military personnel
ere excluded as “no adequate estimates of the number of persons
ho received yellow fever vaccine in these groups were avail-

ble.” Three physicians independently reviewed the reports. Martin
dentified 16 systemic adverse events in which the individual had
eceived only yellow fever vaccine, and 19 in which other vaccines
ad been administered. There were also 36 “other adverse events”
defined as uncomplicated neurologic/systemic, hypersensitivity
r local reactions). The authors extrapolated the data on vaccine
urchases for 1995–9 and estimated that civilian providers pur-
hased 1,443,686 doses of yellow fever vaccine 1990–1998. We,
herefore, estimate a rate of 11.1 “systemic adverse events” per

illion doses.
Khromava et al. [55] reviewed reports for an overlapping period

1990–2002). Khromava reported that serious adverse events are
ollowed up by telephone to obtain additional information about
he events and the patient’s medical history, and the serious events
re presented to the Yellow Fever Vaccine Safety Working Group
or discussion of a possible causal relationship to vaccination. In
ddition, for events similar to YEL-AVD or YEL-AND, serum and/or
SF samples are requested for YF IgM or IgG testing at the CDC.
hromava did not report the detailed results of this arbitration
rocedure. Khromava identified 7 YEL-AVD and 8 YEL-AND civil-

an cases and one YEL-AVD and two YEL-AND military cases. There
ere 32 other serious events where yellow fever was administered
ith other vaccines. A total of 722 yellow fever vaccine-associated

vents were reported, of which 465 were civilian (430 non-serious)
nd 257 military (245 non-serious). In 190 (26%) of the reports
ellow fever vaccine was administered alone, in 390 (50%) with
yphoid, Hepatitis or other vaccines, and Khromava does not report
accines for the remaining 24%. Khromava combined the reports for
erious adverse events for yellow fever vaccine administered alone
nd with other vaccines and based her estimated rates on these
ombined numbers. Khromava estimated that civilian providers
urchased an estimated 2.2 million doses and the military 7.4 mil-

ion doses 1990–2002. For the civilian cases we compute a rate of
.6. YEL-AVD and YEL-AND cases per million. Because the military
ay  stockpile doses and not use them, we did not compute a rate

or the military.
Lindsey et al. [8] reviewed adverse events 2000–2006 and chose

 60 day interval after YF administration in which to accept the
eport of an adverse event, unlike the usual interval of 30 days after
ellow fever vaccination. Table 1 of Lindsey’s article reports 190
vents which followed the administration of 17D alone: 24 adverse
vents were noted (including one death, seven life-threatening

llnesses, 21 hospitalisations, and one prolongation of a hospital-
sation).

Table 1 also reports 470 adverse events in which 17D was given
n combination with other vaccines. There were 48 serious adverse
sive component; 17D = 17D strain of yellow fever vaccine; 17DD = 17DD strain of

events (including 3 deaths, 14 life-threatening illnesses, 37 hos-
pitalisations, 4 prolongations of a hospitalisation, and 7 cases of
permanent disability). Lindsey’s Tables 2 and 4 combine the 660
adverse events for the individuals who  received 17D alone and 17D
with other vaccines, and reported 28 cases of anaphylaxis, 12 YEL-
AND, and 6 YEL-AVD. Because Table 1 reports 24 serious adverse
events, and these 18 YEL-AND and YEL-AND cases must by defi-
nition be included in this group, we  decided to accept 24 as the
total of serious adverse events. Lindsey estimated the total number
of doses of YF vaccine administered 2000–2006 as 1,534,170. We
computed a rate of 15.6 serious adverse events per million.

Souayah et al. [61] reviewed the US VAERS database only for
2004 for cases of Guillain–Barré Syndrome after yellow fever vac-
cination. Three cases were identified, yellow fever vaccine was
given in conjunction with other vaccines, and no case data were
provided. Vellozzi et al. [12] was interested in the effect of cor-
ticosteroids on the remission of AVD cases and searched the US
VAERS database 1996–2004 for cases of YEL-AVD, identified 11
cases and retrospectively searched the medical records of each
case for dates of vaccination, onset of adverse events, hospi-
tal admission, clinical and laboratory data and administration of
steroids.

For older persons Khromava et al. [55] combined the reports
for serious AEFIs for YFV administered alone and with other vac-
cines and based her estimated rates on these combined numbers.
Martin et al. [58] reported the rates he computed based on the 19
cases in which YFV alone was administered plus the 16 in which
YFV was administered with other vaccines. We  have, therefore, not
computed rates for older persons because of these limitations.

3.5. Australia, Brazil, UK and Switzerland

Lawrence et al. [57] reviewed reports to the Australian ADRAC
database 1993–2002. Systemic adverse events were defined as
occurring within two weeks of vaccination. Neurological events
were given a broad definition of new onset seizures, encephalitis,
myelitis, altered mental status, focal cranial or peripheral neu-
rological deficits, paresthesia, vertigo, ±headache. Multi-systemic
events were also broadly defined as myalgia, arthralgia, impaired
hepatic function, respiratory distress, nausea, vomiting, impaired
renal function, ±fever. Events were classified independently by two
authors. The number of doses was extrapolated to 1993–2002 from
sales for 1999–2002, and the age distribution of vaccinees was
extrapolated for 1992–2002 from a 15% sample of vaccine clin-
ics for 1999–2002. Lawrence identified 42 serious adverse events
involving yellow fever vaccine (of which 26 were “systemic” and
9 “serious systemic”). In 15 of the events only yellow fever vac-

cine was  administered, and in 27 yellow fever and other vaccines.
Lawrence estimated 210,656 doses of 17D were administered
1993–2002. No cases of “severe neurological disease” were iden-
tified and one fatal case of YEL-AVD. Because Lawrence’s definition
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as broad we did not compute a rate for “neurological disease”
nd noted a rate of 0/210,656 for “severe neurological disease” and
/210,656 for YEL-AVD. The study by Lawrence et al. [56] overlaps
is 2004 study, and is not reported here.

Martins et al. [59] reported data from the National Immuniza-
ions Program at the Ministry of Health, Brazil 2000–2009. The

ethod is potentially comprehensive: in 1998 a National Sys-
em for Surveillance of Adverse Events Following Immunization
as established, and the WHO  Manual for Detection of Serious
dverse Events after YFV and the CDC criteria for classification
ere adopted. The 30,000 health centres were asked to for-
ard cases to the state level with adjudication at the national

evel with the capability of identification of yellow fever virus by
ell culture, RT-PCR, immunohistochemistry, histopathology, and
erology. There is also a network of sentinel hospitals for detect-
ng ictohemorrhagic febrile syndromes. A total of 101,564,083
oses of 17DD were administered, and hypersensitivity events
ere recorded as 9 cases/million doses; anaphylactic shock as 0.23

ases/million doses; yellow fever vaccine-associated neurological
isease 0.84/million doses, and 26 viscerotropic cases (19 con-
rmed, 4 probable, 3 suspect) which yields a rate of 0.19/million
oses administered.

Monath et al. [35] assessed age-specific rates of serious AEFIs
rom reports by physicians of adverse events to the ARILVAX
afety Department, and to the UK Medicines and Healthcare prod-
cts Regulatory Agency. These were recorded on standard forms
rom the Council for the International Organization of Medi-
al Sciences (CIOMS), and were independently assessed by three
nvestigators, who then reached consensus using the VAERS def-
nitions. The diagnosis selected was the most serious category
eported, and events were excluded if an alternative explana-
ion or diagnosis was available. The definition of a neurologic
dverse event included Guillain–Barré syndrome, new onset
eizures, encephalitis, myelitis, altered mental status, focal cra-
ial or peripheral neurological deficits, paresthesias, vertigo, or
eadaches (headaches alone are not sufficient for neurological
iagnosis). Multisytemic events included myalgias, arthralgias,
habdomyolysis, elevated transaminases, respiratory distress, nau-
ea, vomiting, diarrhea, nephropathy, disseminated intravascular
oagulation, ±fever. A total of 1,043,415 doses of ARILVAX 17D
allowing for wastage) were distributed in the UK 1995–1999.
he reporting rate denominator for each age group was  extrapo-
ated from the UK General Practice Research Database. Using the
IOMS classification [18], 190 adverse events were reported, 36
ere classified as serious adverse events and 67 as other adverse

vents. We  computed a rate of 34 “serious adverse events” per
illion.
Schumacher et al. [60] evaluated reports 1991–2001 of post-

accination adverse events to the Swiss Government SFOPH
rganisation. Physicians in Switzerland by law are required to
eport post-vaccination events, and surveillance involves events
ithin 8 weeks after immunization and data were analysed by the

hree authors. The results for yellow fever 1991–2001 were: 15
vents, with a rate of 5.5 cases/100,000 doses (95%CI: 3.1–9.0). Of
he 15 events, 11 were assessed as general systemic reactions and
our as neurologic reactions. In terms of severity one was  assessed
s mild, seven as moderate and seven as serious (not allocated to
he previous categories). From Schumacher’s Table 1 we computed
he number of yellow fever vaccinations for the period as 1,500,000,
nd computed a rate of 14.6 cases per million doses for “neurologic
vents” and 40 per million for “serious events not neurological.”

The three estimates for the VAERS data base for partly over-

apping periods roughly agree: Martin et al. [58] reported 11.1
systemic adverse events,” Khromava et al. [55] 6.6 YEL-AVD and
EL-AND cases and Lindsey et al. [8] 15.6 “serious adverse events”
er million.
9 (2011) 4544– 4555 4551

There are then two sets of much lower estimates: Lawrence
et al. [57] for Australia 0/210,656 for “severe neurological dis-
ease” and 1/210,656 for YEL-AVD, and Martins et al. [59] for
Brazil: hypersensitivity events were recorded as 9 cases/million
doses; anaphylactic shock as 0.23 cases/million doses; yellow fever
vaccine-associated neurological disease 0.84/million doses, and 26
viscerotropic cases (19 confirmed, 4 probable, 3 suspect) which
yields a rate of 0.19/million doses administered. There are also
two  sets of much higher estimates: Monath et al. [35] for ARIL-
VAX in the UK reported 34 “serious adverse events” per million,
and Schumacher et al. [60] for Switzerland 14.6 cases per million
doses for “neurologic events” and 40 per million for “serious events
not neurological.”

It is not possible to choose any set of estimates as more reliable:
each system used different definitions and mechanisms for assess-
ing cases, and the differences may  also be due to differences in the
threshold and mechanisms for the initial reporting of cases.

3.6. Passive surveillance: general populations

For general populations we  identified six reports after yellow
fever vaccination campaigns [11,13,62–65], and five retrospective
studies of clinic or hospital populations [66–70].  The six studies
of campaigns in general populations involved 94,500,528 individ-
uals and 48 serious AEFIs, yielding a rate of 0.51 cases/million.
The studies are very heavily weighted (99%) by the Brazilian data
from Struchiner et al. [11]. Diop Mar  et al. [62,63] reported that
67,326 infants were vaccinated with 17D in Senegal and surveil-
lance was limited to children admitted to hospital, and identified
2 cases of encephalitis possibly attributable to 17D, but no con-
firmatory tests were conducted. Struchiner et al. [11] noted that
93,567,028 doses of 17DD were administered in Brazil 1991–2001
with four fatal events attributed to vaccination, and presented
two  fatal viscerotropic cases with sequence analysis identifica-
tion of the RNA of yellow fever vaccine, and Vasconcelos et al.
[64] presented two further viscerotropic cases with RNA identifica-
tion of yellow fever vaccine. Whittembury et al. [13] reported that
42,742 individuals in Peru were vaccinated with Bio-Manguinhos
Lot 050VFA121Z in 2007 and five viscerotropic cases were reported
of which four were fatal, but 20,432 individuals were vaccinated
with a different Bio-Manguinhos lot (050VFA123Z0 and 73,000
with Lot 050VFA121Z) in Venezuela and no serious AEFIs were
reported. The WHO  [65] reported that 730,000 individuals were
vaccinated in the Ivory Coast and 39 cases of “severe reactions”
including 8 deaths occurred, with oedema, inflammation and car-
diovascular collapse, and reviewers concluded that the illness most
closely resembled a Type III hypersensitivity reaction.

The five retrospective reviews of hospital or clinic records
involved 60,698 individuals, and no serious AEFIs could be proven.
The data are heavily weighted (96%) by Roodyn’s [69] data from
the Hospital for Tropical Diseases, London. Kouwenaar [67] iden-
tified 3737 individuals who had been vaccinated with 17D at the
Institute of Tropical Hygiene, Amsterdam up to 1952: there were
data for 1130 individuals, and no serious AEFIs were noted. Roo-
dyn [69] reported that 59,189 persons had been vaccinated with
17D at the Hospital for Tropical Diseases, London, 1951–1954, and
stated “it has been extremely rare to hear of any serious effects
from the injection. When the infants were brought back after a
few days for their primary smallpox vaccination, mothers almost
invariably reported that the yellow fever injection had not upset
the baby at all.” Roodyn [69] noted 3 cases of meningo-encephalitis
after 17D reported by Smith, Haas, and Scott [71–73],  but no spe-

cific tests for yellow fever vaccine were conducted. Wolga et al. [70]
reported on 195 individuals vaccinated with 17D at the Centre Hos-
pitalier Universitaire de Grenoble, and noted no serious AEFIs. Da
Mota [66] studied 70 patients with rheumatological diseases in two
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Table 4
Preferred techniques for active surveillance of the adverse events of vaccination.

Vaccinees
1. A careful history from each vaccinee concerning previous and current illnesses, medications, travel, other vaccines received in the past, previous yellow fever

vaccination. 2. Education of each vaccine about potential side effects, and when to seek assessment and treatment. 3. Baseline biochemical and infectious diseases
measures (a minimal set where relevant would include thick and thin films for malaria parasites, urinanalysis, a stool examination for parasites, blood cultures, and
CSF  if encephalitis is suspected)

Staff
4. An adequately staffed, trained, motivated and paid active surveillance team. 5. Regular training and observation in the use of reliable and validated measures of

adverse effects. 6. A motivated and adequately trained administrative structure should check each item of the work of the active surveillance team, and implement
continuous quality improvement techniques. 7. Senior administrators should take a very active role in visiting, training, supervising, evaluating and rewarding all staff

Surveillance
8.  The team should compile and continually update a complete listing of all vaccinees and their addresses. 9. Adequate transport to visit all patients in their home villages

should be provided. 10. The team should arrange to see all vaccinees at appropriate times post-vaccination (day 0 to assess for anaphylaxis/hypersensitivity reactions;
several  times within days 0–10 for local and systemic reactions; and several times within the first 30 days for severe vaccinee reactions). 11. A medical team equipped
to  visit patients with potential adverse effects to assess the differential diagnosis (whether it is a yellow fever vaccine related event or not) and take an appropriate
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clinical history and draw laboratory tests. 12. Identify vaccinators not followin
serious  adverse events appear to be associated. “Just in time” continuous surve
numbers of individuals on the same day. 14. Avoid instituting vaccination cam

ospitals in Brazil who were on immunosuppressants and found
o serious AEFIs. Pritchard et al. [68] surveyed 3000 members of a
K Guillain–Barré Support Group, and for the 1114 who returned
uestionnaires no serious AEFIs were identified.

.7. Passive surveillance: children, pregnant females, HIV+
ndividuals

We identified two reports involving 35,270 children [74,75] and
o serious AEFIs were proven. The data are heavily weighted (99%)
y Cannon’s [74] report from Nigeria. Cannon noted 35,000 17D
accinations had been given in Lagos, Nigeria, and no serious reac-
ions in infants had been reported. The Global Advisory Committee
n Vaccine Safety (16–17 June 2010) [76] reviewed three cases of
ncephalitis after their mothers had received a first vaccination
uring the infant’s first month of life but noted the mode of trans-
ission has not been established. Mouchon et al. [75] reviewed

ata on 270 of 319 infants 6–12 months in Cameroon and noted no
esulting consultations or mentions by the mother on the 30th day
fter vaccination.

We  identified four reports for 138 pregnant women [77–80]
nd no serious AEFIs were reported. D’Acremont et al. [77] con-
ucted a retrospective chart review of 131 pregnant women who
ad attended a travel clinic in Switzerland 1988–2000: only 6 were

dentified as having received yellow fever vaccine and there were
o serious AEFIs. Nishioka Sde et al. [78] identified 39 pregnant
omen who had received 17D in Uberlândia, Brazil and no serious
EFIs were reported. Robert et al. [79] asked 11 European Network
f Teratology Information Services to search their databases for
xposure of pregnant females to yellow fever vaccine and 58 cases
ere followed up with no serious AEFIs. Tsai et al. [80] recorded that

about” 300,000 doses of 17DD and 100,000 doses of 17D-204 were
dministered in Trinidad and Tobago in 1989 and a survey of the
even largest hospitals suggested up to 1200 women received the
accine unaware they were pregnant, and 35 mothers were iden-
ified by retrospective chart review who had received YFV after
onception, but no serious AEFIs were recorded.

We  identified six reports involving 191 HIV+ patients [81–86]
nd one review [49] of patients who were HIV+, and no serious
EFIs were proven. Goujon et al. [81] reported on 44 patients with
D4 lymphocyte counts over 200 at the Hôpital de l’Institut Pasteur,
aris, vaccinated with 17D 1988–1991, and no serious AEFIs were
oted. Ho et al. [82] conducted a retrospective chart review on a
andom sample of 144 patients out of 3100 attending the HIV/AIDS

linic at the Hospital Las Clínicas, University of Sao Paulo, Brazil:

 had received yellow fever vaccine and no AEFIs were recorded.
acanowski et al. [83] reported on 103 patients who received 17D
t the Travel Clinic of the Hôpital Saint Antoine, Paris, 2003–2007,
le technique, and illegal vaccinators. 13. Identify lot or batch numbers with which
e should be used to report adverse events, as batches may  be given to large

 where other vaccines are administered.

and no serious AEFIs were reported. Pistone et al. [84,87] iden-
tified 23 individuals (22 had a CD4 count above 200) vaccinated
with 17D Centre Hospitalier Universitaire in Bordeaux 2000–2003
and no serious AEFIs were recorded. Receveur et al. [85] reported
2 individuals in France who  received 17D and no serious AEFIs
were reported. Tattevin et al. [86] identified 12 patients (mean CD4
cell count 561 ± 363 cells/mm3) at Pontchaillou Hospital, Rennes,
France 1995–2002 and no serious AEFIs were reported. Veit et al.
[49] reviewed the literature on serious AEFIs in HIV+ individuals
after yellow fever vaccination and concluded that only one fatal
case had been identified, and no specific yellow fever tests had been
conducted.

4. Discussion

Problems in interpreting the results of these studies are their
heterogeneity, administration of other vaccines, variations in the
completeness of their active and passive surveillance methods, the
multiple other possible pathogens that can present as encephalitis,
hepatitis or multiple organ failure, and variations in the ability to
test if yellow fever vaccine was implicated.

The studies are very heterogenous by country, dates, number
of participants, other vaccines administered, surveillance meth-
ods and testing. In rural and remote areas with minimal access
to medical care many adverse reactions or deaths may  not have
been attributed to yellow fever vaccine or reported. The symp-
toms of encephalitis caused by yellow fever vaccine can also occur
with bacteria, other viruses, or wild yellow fever, the symptoms
of viscerotropic syndrome may  occur in other causes of multi-
organ failure, and those of anaphylaxis/hypersensitivity with other
vaccines or allergens, and attributing causality may  be very dif-
ficult without expert medical care and investigations. The fully
documented reports in the literature are preponderantly from non-
endemic countries, suggesting that the identification, diagnosis and
reporting of cases is strongly influenced by whether an individual
with a potential reaction to yellow fever vaccine presents to a sec-
ondary or tertiary care hospital which has the resources to assess
the possibility of a vaccine reaction, take a comprehensive history,
and perform appropriate tests to rule out the many competing dif-
ferential diagnoses. A second layer of passive surveillance is the
strong likelihood that physicians in endemic countries will have
fewer resources and access to publish cases.

Many studies in the literature report event rates for yellow
fever combined with other vaccines, making the interpretation of

adverse events problematic. Adverse events after yellow fever vac-
cination are less frequent in those receiving a second vaccination,
and most studies do not provide this crucial information. Only one
RCT included a placebo group (Camacho 2005) [25] and although
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ome of the non-RCTs of pregnant females compare the vaccinated
atients to a comparison group, the comparability of the groups is
ometimes difficult to assess.

To improve the accuracy of reporting, all campaigns and pro-
rammes of vaccination should use active surveillance techniques
Table 4).

. Conclusions

We identified 66 relevant studies: 24 used active, 17 a combi-
ation of passive and active (15 of which were pharmacovigilance
atabases), and 25 passive surveillance.

Ten pharmacovigilance databases contributed 107,621,154
atients, heavily weighted (94%) by the Brazilian database. Within
his group the estimates for Australia were low at 0/210,656 for
severe neurological disease” and 1/210,656 for YEL-AVD, and
lso low for Brazil with 9 hypersensitivity events, 0.23 anaphy-
actic shock events, 0.84 neurologic syndrome events and 0.19
iscerotropic syndrome events/million doses. The five analyses of
artly overlapping periods for the US VAERS database provided an
stimate of 6.6 YEL-AVD and YEL-AND cases per million, and esti-
ates between 11.1 and 15.6 of overall “serious adverse events” per
illion. The estimates for the UK were higher at 34 “serious adverse

vents” and also for Switzerland with 14.6 “neurologic events” and
0 “serious events not neurological”/million doses.

Both the active and passive surveillance studies provided esti-
ates lower than the pharmacovigilance databases. The active

urveillance studies in general populations contributed 2,660,929
atients, heavily weighted (97.7%) by one large Brazilian study:
here were no observed cases of viscerotropic or neurotropic dis-
ase, one of anaphylaxis and 26 cases of urticaria (hypersensitivity).
e also identified four studies of infants and children (n = 2199),

our studies of pregnant women (n = 1334), and one study of 174
IV+, and no serious adverse events were observed.

Six passive surveillance studies of campaigns in general popu-
ations contributed 94,500,528 individuals, very heavily weighted
99%) by the Brazilian data, and providing an estimate of 0.51 seri-
us AEFIs/million doses. Five retrospective reviews of hospital or
linic records included 60,698 individuals, heavily weighted (96%)
y the data from the Hospital for Tropical Diseases, London, and no
erious AEFIs were proven. Two studies included 35,723 children,
our studies included 138 pregnant women, six studies included
91 HIV+ patients and there was one review of patients who were
IV+, and no serious AEFIs were proven.

The differences between the results for the databases are likely
ue to multiple factors: different definitions of serious adverse
vents, differences in the quality, application and supervision of
urveillance mechanisms to identify cases, and marked differences
n the availability of even simple laboratory tests. To prove that
ellow fever vaccine is the causative agent requires sophisticated
athology, histopathology and amplicon sequencing using tests
uch as PCR amplification. Such sophistication is evident in the
eports from Europe and some from Brazil.

To improve detection of serious adverse events by active surveil-
ance studies and in pharmacovigilance databases (which use
assive reports then actively follow them up) would require a care-
ul history from each vaccinee concerning previous and current
llnesses, medications, travel, other vaccines received in the past,
revious yellow fever vaccination and biochemical and infectious
iseases measures; staff regularly trained in the use of reliable and
alidated measures of adverse effects; a complete listing of all vac-
ines; assessment of all vaccinees (in person in the case of active

urveillance studies) on the day of vaccination to assess for anaphy-
axis/hypersensitivity reactions, several times within the first ten
ays for local and systemic reactions, and several times within the
rst 30 days for severe vaccine reactions, the ability to promptly
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report adverse events as vaccine batches may  be given to large
numbers of individuals on the same day; and avoidance if possible
of vaccination campaigns where other vaccines are administered.

Funding: At least 5 deaths were attributed to yellow fever dur-
ing campaigns in Peru in 2007. The Global Advisory Committee on
Vaccine Safety (GAVCS), therefore, requested that the WHO  com-
mission an independent systematic review of the safety of yellow
fever vaccine. This independent commissioned systematic review
was  prepared for the WHO  and GACVS by a research team at the
University of Calgary headed by Professor Roger Thomas. The sys-
tematic review was funded by The Global Alliance for Vaccines
and Immunization (GAVI). The focal contact person for the WHO
was  Alejandro Costa, with Dr. Rosamund Lewis. There was  exten-
sive correspondence with the WHO  focal person and Dr.  Rosamund
Lewis, with additional correspondence with Dr. Sergio Yactayo.
The scientific independence of the researchers was at all times
maintained. The sponsors did not participate in the collection,
analysis or interpretation of data or in the writing of the report. Con-
tributors: The following individuals executed these tasks: Writing
the study Protocol and WHO  Ethics approval (RET/DL); Litera-
ture searches (DL); Application of inclusion/exclusion criteria to
abstracts (DL/WS/RET); Selection of full text studies for inclusion
in review (DL/WS/RET); Reading, analysis and data entry from for-
eign language articles (n = 118) (RET); assessment of risk of bias
using Cochrane Collaboration criteria (RET/WS); data extraction
from published studies (RET/DL/WS); Creation of initial versions
of Excel, Access 2003 and Access 2007 databases of Adverse
Events (RET); Development of ACCESS 2007 database, data anal-
ysis software and data analyses in ACCESS (DJ); Entering of data
from published studies into ACCESS and 3 other specially cre-
ated databases in Excel (RET/WS/DL); Statistical analyses and text
(TW).
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