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bstract

Yellow fever vaccine-associated viscerotropic disease (YEL-AVD) is a rare complication of yellow fever (YF) vaccination. A previously

ealthy 22-year-old female died following YF vaccination despite aggressive measures. Serial viral load titers, cytokine levels and host genetic
actors were evaluated in an attempt to understand this unusual and lethal outcome. The patient’s high-titer vaccine viremia and possibly
elated minor genetic anomalies provide clues to exploring the etiology of YEL-AVD.

2007 Elsevier Ltd. All rights reserved.
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. Introduction

Since 1937, the live attenuated YF 17D virus vaccine has
rotected about 400 million humans from YF, a mosquito-
ransmitted disease with a case fatality rate of 20% [1,2].
ince the late 1990s, 36 cases of YEL-AVD, characterized
y multiorgan failure, have been recorded worldwide fol-
owing administration of vaccine manufactured in the United
tates, France, Brazil and China (Centers for Disease Control
nd Prevention [CDC], unpublished data) [3,4]. The risk of
EL-AVD is about three per million doses administered, but

s highest among people over 60 years of age and those with

history of thymic disease [3,5,6]. The incidence of YEL-
VD is 1.1 per 100,000 doses in people aged 60–69 years and
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llow fever vaccination

.2 per 100,000 doses in people 70 years and older [5]. How-
ver, nine of the recorded cases were less than 30 years of age
nd none had thymic disease (CDC, unpublished data) [7–9].
he recognition of YEL-AVD coincided with decreased use
f pre-travel immunoglobulin to prevent hepatitis A, leading
o conjecture that it may have been prevented in the past by
he fortuitous coadministration of antibody against YF virus
YFV) [2]. Other hypotheses to explain YEL-AVD include
enetic host susceptibility and generation of rare muta-
ions during replication in the host that increase virulence
10–13].

. Case report
A healthy 22-year-old student received tetanus-diphtheria,
epatitis A, and typhoid vaccines prior to a trip to Bolivia.
ight days later she received YF vaccine. Two days after
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dx.doi.org/10.1016/j.vaccine.2007.08.061
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accination, she noted redness, swelling and pain at the inoc-
lation site. Three days later, she presented to an emergency
epartment with ipsilateral axillary adenopathy, myalgias,
ever and vomiting. Her temperature was 103.5 F, pulse
18/min, respirations 24/min and blood pressure 92/54.
he physical examination was unremarkable except for an
nlarged and tender axillary lymph node.

Her white blood cell count (WBC) was 11,500 cells/mm3

ith 92.7% neutrophils, hemoglobin and platelet count were
ormal, aspartate aminotransferase (AST) was 57 U/L, inter-
ational normalized ratio (INR) was 1.3, and she had 2+
roteinuria (Table 1). Chest radiograph and electrocardio-
ram were normal. Blood cultures were negative.

She was admitted and given intravenous fluids, analgesics
nd anti-emetics. She improved initially, but 24 h later devel-
ped abdominal pain, loose stools and recurrent fever. Her
BC dropped to 2000 cells/mm3, hemoglobin to 11.5 g/dL

nd platelets to 73,000 per mm3. Her AST increased to
81 U/L, total bilirubin to 1.8 mg/dL and INR to 1.4. Renal
unction was initially preserved.

On transfer to the intensive care unit (ICU) of a quaternary
are hospital 7 days after YF vaccination, she complained of
leuritic chest pain, dyspnea and worsening abdominal pain.
hest radiograph showed pleural effusions (Fig. 1). Transtho-

acic echocardiogram revealed tamponade-like physiology
econdary to the surrounding pleural effusions. Pleural fluid

ultures and HIV serology were negative. Anuric renal fail-
re ensued requiring hemodialysis, but labile blood pressure
recluded fluid removal. A single 45 g dose of intravenous

Fig. 1. Chest radiograph on admission to quaternary care hospital. Ta
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ig. 2. Autopsy specimens liver: midzonal necrosis with sparing of hepato
emorrhage involving both ventricles with petechial hemorrhages present o

mmunoglobulin (IVIG) was administered. Hydrocortisone
as initiated at 50 mg intravenously every 6 h. Labora-

ory parameters progressively worsened (Table 1). Nine
ays after vaccination, she developed hypoxemic respira-
ory failure requiring mechanical ventilation. Repeat chest
adiograph showed dense bilateral consolidation. Nitric
xide therapy was initiated. The following day, vasopressors
ere started for hypotension unresponsive to fluid resus-

itation. High frequency oscillatory ventilation, followed
y extracorporeal membrane oxygenation, was initiated
or refractory hypoxemia. Repeat transthoracic echocardio-
ram revealed a markedly depressed ejection fraction of
5%. Broad-spectrum antibiotics were started in consul-
ation with the infectious disease service with convincing
vidence of a bacterial infection in the pleural fluid. Eleven
ays after YF vaccination, the patient died. Blood cul-
ures drawn immediately prior to death grew group C
eta-hemolytic Streptococcus. Pleural fluid samples grew
he same Streptococcus and Staphylococcus aureus. Post-
ortem examination revealed multiorgan failure and diffuse

emorrhage consistent with disseminated intravascular coag-
lation (DIC) (Fig. 2). Microscopy of the lungs showed
iffuse alveolar damage with hemorrhage and acute necro-
izing bronchopneumonia. Post-mortem blood cultures grew
. aureus.

. Methods

Formalin-fixed, paraffin-embedded tissues were sent to
he CDC for histopathologic and immunohistochemical

IHC) evaluation [4,14]. Serum and plasma samples were
ested for viremia and immunologic response. The consen-
us sequence of the virus isolate obtained from blood was
ompared with the lot used for vaccination, three 17D ref-

w
I
u
p

round central vein and portal triad. Heart: circumferential subendocardial
ardium. Kidney: diffuse cortical hemorrhages with subcapsular infarction.

rence strains, and an isolate from a young female who
ied in Spain following 17D vaccination (GenBank acces-
ion numbers: X15062, X03700, U17067 and DQ118157,
espectively). Cytokine levels were assessed by the Beadlyte
uman Multi-Cytokine Detection System (Cat #48-011, 46-
27 and 46-129, respectively; Upstate USA Inc., VA) [15]
nd the patient’s levels were compared with those in previ-
usly stored serum from four healthy unvaccinated people.
he patient’s DNA was isolated from her whole blood and
sed to analyze the sequences of selected genes that might
nfluence vaccine response.

. Results

YFV antigens were detected by IHC in the kidney, but not
n the liver, spleen, heart or lung. Histopathologic findings
n the liver included microvesicular steatosis and Council-

an bodies, which are seen in wild-type YF. Panacinar
ecrosis, presumed secondary to DIC and repeated bouts of
ypotension, predominated over the classic finding of mid-
onal necrosis. Tissue staining revealed abundant colonies of
ram-positive and Gram-variable cocci in the inflammatory

nfiltrate of the lung. IHC staining identified the colonies as
. aureus.

17D vaccine strain RNA was amplified from plasma and
erum samples by RT-PCR. The estimated viral titer was
1,000 plaque-forming units (PFU)/mL on post-vaccination
ay 5, rising to a peak of 106,500 PFU/mL the following day
Table 2). Healthy vaccinated people rarely have greater than
00 PFU/mL [2]. Viremia dropped 8 days after vaccination

ith the development of YF virus-specific neutralizing and

gM antibody. Viral RNA was thereafter detected at low levels
ntil the day of death. There were elevated levels of several
roinflammatory cytokines and chemokines, including IFN�,
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L-6, RANTES, GM-CSF, IL-1a, IL-3, IL-7 and IP-10, dur-
ng the clinical course but no specific cytokine abnormality
hat would explain her illness.

The consensus sequence of viral RNA obtained 5 days
ost-vaccination showed 100% nucleotide identity to the uti-
ized vaccine lot. These sequences differed from a reference
train of 17D-204 at A1431C (Asn to Thr), C5362T (silent),
5641G (silent), T7496C (silent), A10,243G (silent) and
10,722G (3′ non-coding). Identical changes at positions
641, 10,243 and 10,722, but not at 1431, 5362, and 7496,
ere detected in viral RNA from a recent fatal case in Spain

8]. The Spanish isolate also had a unique silent mutation at
418.

Comparison of the patient’s OAS1 gene promoter and
xons 1, 2, 4, and 5 sequences with the GenBank human
enome assemblies NT 009775 or NW 925395 revealed
o differences. However, the minor allele was detected
t three previously identified single nucleotide polymor-
hisms (SNPs) in the OAS1 gene: GG-homozygous for
NP rs3741981 in exon 3 (Gly162Ser); GG-homozygous
or SNP rs10774671 in intron 5 (splicing acceptor site);
nd AA-homozygous for the SNP rs11352835 A/- indel in
′ terminal exon. The frequency of SNP rs3741981 GG-
omozygotes varies from 0.133 in Europeans to 0.767 in
ub-Saharan Africans.1 The frequency of SNP rs10774671
G-homozygotes is 0.195,1 and of SNP rs11352835 AA-
omozygotes is 0.111.2

No variations in the sequences of the regulatory ele-
ents of the OAS2 gene promoter were observed, but there
as a single variation within the OAS2 exons; the patient
as AA-homozygous for SNP rs15895, which causes a
remature stop-codon in exon 11. The frequency of AA-
omozygotes varies from 0.00 in African-Americans to 0.208
n Caucasians.1 The patient was homozygous for the minor
llele at one of four SNPs [CC of rs12992188 (frequency
.16)2] in the promoter region and for one of five SNPs in
xon 2 [5′ NCR;TT of rs2254958 (frequency 0.217)1] and
as heterozygous at SNPs: rs4648174 (intron 4), rs2307483

intron 6) and rs2307469 (silent, exon 15). No mutations were
etected in either the promoter or exons of the toll-like recep-
or 3 gene. She was homozygous wild-type for the SNPs
nalyzed in the CCR5 gene, CCR5 promoter, RANTES pro-
oter and DC-SIGN gene [16]. Her DC-SIGNR gene was

eterozygous for the number of repeats in exon 4 (6/5) [17].

. Discussion
Development of YEL-AVD could be due to either viral or
ost anomalies. The consensus viral RNA sequence obtained

1 Genotype frequencies available at: www.ncbi.nlm.nih.gov/SNP/snp
ef.cgi?rs=3741981, www.ncbi.nlm.nih.gov/SNP/snp ref.cgi?rs=10774671,
ww.ncbi.nlm.nih.gov/SNP/snp ref.cgi?rs=15895,
ww.ncbi.nlm.nih.gov/SNP/snp ref.cgi?rs2254958.
2 Perelygin and Brinton, unpublished data.

http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs=3741981
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs=3741981
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs=10774671
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs=15895
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs2254958
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rom this patient’s blood was identical to that of the orig-
nal vaccine lot, indicating that the primary strain had not

utated after inoculation. Although some of the sequence
ifferences from a reference vaccine strain were also detected
n an isolate from a similar case of YEL-AVD in Spain, two
f these nucleotide changes were silent and one was in a
on-coding region. These changes seem unlikely to affect
irulence, and other people vaccinated with the same lots
id not develop YEL-AVD. Clonal sequencing of virus from
n earlier YEL-AVD case revealed a mutated vaccine sub-
train, and mutated virus was also isolated from a child with
ncephalitis following YF vaccination [4,18]. Since clonal
equencing of the isolate from this patient was not done, it
s possible that a minor mutant substrain altered the overall
irulence of the vaccination without altering the consensus
equence. However, viral sequences from other YEL-AVD
ases have not suggested loss of attenuation, and YEL-AVD
as occurred with vaccine from various lots, strain subtypes
nd manufacturers [3,8].

One of eight Oas1 genes in mice is associated with sus-
eptibility to flaviviruses [10]. Three SNPs were minor allele
omozygous in the patient’s OAS1 gene. Two of these were
n coding regions, while the other was in an intron splic-
ng site. At least five different OAS1 isoforms are generated
y alternative splicing. The p42 and p44 isoforms are pro-
uced by all genotypes. The A-allele in OAS1 intron 5 SNP
s10774671 produces p48 and p52, while the G-allele pro-
uces p46 [19]. Since the patient was GG-homozygous, she
ould have produced p46. Computer modeling suggests that
46 may have impaired enzymatic activity [20]. The patient
as homozygous for the G-allele of SNP rs3741981 in exon
which causes an amino acid substitution in all the OAS1

soforms. The G-allele of this SNP was previously reported
o be associated with severe acute respiratory syndrome in
Vietnamese population [21]. Homozygosity for the OAS1
′ terminal exon A-insertion (rs11352835) produces a frame
hift and premature translation termination of the p44 tran-
cript. Although not currently supported by experimental
ata, the three minor alleles in the OAS1 gene and the AA-
omozygosity in OAS2 SNP rs15895 leading to truncation of
he OAS2 protein could have had an adverse effect on possi-
le OAS-mediated anti-flaviviral activities that contributed to
he abnormally high virus levels. It is unlikely that the muta-
ions in PKR affected protein function but mutations in other
andidate genes not evaluated might also have influenced
he response to YF vaccination. Similar host factors may
e involved in atypically severe manifestations of different
avivirus infections [22].

Following vaccination, this patient developed notable
nflammation at the vaccine site where the virus is thought to
eplicate in dendritic cells. Local inflammation may occur
n up to 30% of vaccines but is rarely severe [2]. It has

een described in a prior case report [8]. The significance
f severe local inflammation is uncertain but might be con-
istent with increased viral replication or higher intensity of
he local immune response. This patient’s viremia peaked on

[

5 (2007) 8480–8485

ost-vaccination day 6 at 1000 times higher than expected
ollowing a brief remission and then intensification of her
ymptoms [2]. By that time, multiorgan failure had devel-
ped, likely mediated by inflammatory cytokines, in a clinical
attern similar to that seen in wild-type YF, except that the
irus is usually cleared in wild-type infection by day 6 [2].
ne dose of IVIG was given on post-vaccination day 8 with-
ut obvious clinical benefit. Further doses were withheld
ecause of volume overload concerns and the general con-
ensus that the patient had developed a protective antibody
esponse. IVIG has been proposed for postexposure prophy-
axis against wild-type YF, but has no proven benefit after
nset of illness [2].

The patient’s clinical course was complicated by bacterial
neumonia and sepsis. Secondary bacterial infections also
ccur in patients with naturally acquired YF [23]. The use of
rophylactic antibiotics may consequently be warranted in
ersons with YEL-AVD in the future.

YF vaccination is the most effective means of prevent-
ng wild-type disease. However, because of the potential for
xtremely rare severe adverse events, the vaccine should only
e given to travelers whose itinerary requires vaccination. The
tiologic mechanism of YEL-AVD remains unclear and may
ary across cases but a genetic susceptibility based on OAS
ene abnormalities might have played a role in this case. Sus-
ected cases of YEL-AVD should be promptly reported to the
accine Adverse Event Surveillance System at 1-800-822-
967 or http://vaers.hhs.gov. Collection of whole blood and
erum from patients with suspected YEL-AVD will aid future
nvestigations of this puzzling and devastating condition.
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