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Yellow fever virus isolated from a fatal post vaccination event:
an experimental comparative study with the 17DD vaccine
strain in the Syrian hamster (Mesocricetus auratus)
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ABSTRACT

In order to investigate the pathogenicity of the virus strain GOl 4191 that was isolated from a fatal adverse event after
yellow fever virus (YFV) vaccination, an experimental assay using hamsters (Mesocricetus auratus) as animal model and
YFV 17DD vaccine strain as virus reference was accomplished. The two virus strains were inoculated by intracerebral,
intrahepatic and subcutaneous routes. The levels of viremia, antibody response, and aminotransferases were determined
in sera; while virus, antigen and histopathological changes were determined in the viscera. No viremia was detected for
either strain following infection; the immune response was demonstrated to be more effective to strain GOI 4191; and
no significant aminotransferase levels alterations were detected. Strain GOl 4191 was recovered only from the brain of
animals inoculated by the IC route. Viral antigens were detected in liver and brain by immunohistochemical assay.
Histothological changes in the viscera were characterized by inflammatory infiltrate, hepatocellular necrosis, and viral
encephalitis. Histological alterations and detection of viral antigen were observed in the liver of animals inoculated by
the intrahepatic route. These findings were similar for both strains used in the experiment; however, significant differences
were observed from those results previously reported for wild type YFV strains.
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RESUMO

Visando investigar a possivel patogenicidade do virus isolado (GOl 4191) de um evento adverso fatal pela vacinacéo
antiamarilica, realizou-se um ensaio experimental em Syrian hamsters (Mesocricetus auratus), usando-se a cepa vacinal
17DD como parémetro. As amostras virais foram inoculadas por via intracerebral, intra-hepatica e subcutanea. Nos soros
foram determinados niveis de viremia, resposta imune e aminotransferases, e nas visceras a presenca de virus, antigeno e
lesdes teciduais. N&o se detectou viremia para as duas amostras, a resposta imune foi maior para GOl 4191, e as
aminotransferases ndo apresentaram alteracdes compativeis com danos hepaticos. Nos animais inoculados por via
intracerebral o virus foi recuperado somente a partir do cérebro, sendo o antigeno viral detectado, por imuno-histoquimica,
no cérebro e figado. Infiltrado inflamatério e corpusculos acidéfilos foram observados no figado e lesdes tipo encefalite
viral no sistema nervoso central. Alteragdes histoldgicas e antigeno viral foram observados, também, no figado dos animais
infectados por via intra-hepatica, e ausentes naqueles inoculados por via subcutanea. Os resultados foram similares para
as duas amostras testadas, entretanto distintos daqueles relatados na literatura para cepas silvestres do virus amarilico.
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The 17D yellow fever virus vaccine strain is recognized as
one of the most successful vaccines in terms of efficacy and safety.
This vaccine has rarely been associated with severe adverse
events; the most commonly reported is post-vaccination
encephalitis observed most often in children less than 10 months
of age*®, Actually, only the 17D vaccine is produced to immunize
humans against yellow fever virus (YFV); the vaccina derives from
two distinct substrains, 17D-204 and 17DD, that correspond to
different lineages obtained from the original YFV attenuated by
Theiler and Smith®. In Brazil, the 17DD vaccine strain is currently
used during vaccination campaigns, and is produced by the
Institute of Technology in Immune Biologics (Bio-Manguinhos)/
Oswaldo Cruz Foundation (FIOCRUZ)/Rio de Janeiro. Saccharose
and glutamate are used as stabilizing components®.

In 1999, a child residing in Goiania, Goias state died showing
clinical manifestations similar to classic YFV infection; her illness
was associated with a YFV vaccination adverse event®. The virus
strain (GOI 4191) obtained from clinical specimens of the patient,
and YFV isolated from a second adverse vaccination event reported
in Americana/Sao Paulo state in 2000 were genetically identified
as YFV 17DD vaccine strain®2. In 2001, two additional fatal cases
were reported in Belo Horizonte, MG, and in Trés Passos/RS states
(MS/FUNASA, data not shown). In addition, a suspicious fatal case
was reported in Santos/SP and was supposed to be associated to
YFV vaccination; however, the absence of specific clinical symptoms
and the vaccine lot made it difficult to clarify®.

Additional adverse events similar to those that occurred in
Brazil have been reported in other countries. Four cases (3 of
them fatal) were described in the United States®, and 1 in
Australia> Moreover, one suspected case was also reported for
each country in England?, 1 in Germany? and 1 in Sweden®.

The occurrence of these post vaccination events with the
YFV vaccine lead to an exhaustive surveillance and caution.
This type of adverse event can be related to genetic factors
that may regulate the cellular susceptibility to the YFV,
emphasizing that an exacerbated susceptibility can result in
severe clinical expression of the disease, but fortunately this
condition seems to be extremely rares %,

The data presented is this study are related to an
experimental assay using the Syrian hamster (Mesocricetus
auratus) in order to investigate the viscerotropic activity of
the virus strain GOl 4191. Hamsters have been used
successfully as an alternative animal model in substitution to
monkeys, to study YFV pathogenicity and treatment
investigationst’ %,

MATHERIAL AND METHODS

Virus strains and inoculum. Vero cell cultures fluid
infected with suspensions of heart fragments sampled from
patients was used as virus stock for the strain GOl 4191. The
Brazilian 17DD vaccine strain was used as virus reference to
the experiment.

The vaccine vial (lot: 98UFB088Z) was reconstituted with
5mL of saline and apirogenic solution (lot: 99PDD284Z) to
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obtain the dose recommended to humans (minimum of 2000
LD,,/0.5mL) in 0.1mL, the final volume inoculated into
hamsters. Virus strain GOl 4191 was diluted in phosphate
buffered saline (PBS), pH 7.4, containing 0.75% bovine
albumin and antibiotics (100Ul/mL of penicillin and 100ug/
mL of streptomycin) to obtain a dose of 1000 LD, /0.1mL.
The virus samples were diluted immediately before the assay
and kept on ice. Subsequently, samples of both virus
suspensions were titrated in 2-3 days albino Swiss mice to
confirm the dose administrated. Titers were calculated using
the Reed & Muench method™*and expressed in LD, /0.02mL.

Hamster infection and specimen collection. Groups
of 22 male hamsters, 4-5 weeks old, and weighting 48g in
average, were inoculated with both virus strains, GOI 4191
and 17DD, by subcutaneous (SC), intrahepatic (IH), and
intracerebral (IC) routes as shown in Table 1. A total of 22
animals were used as negative controls for the assay.

Table 1 - Number of inoculated hamsters according to the virus strain and
route of inoculation.

Routes GOl 4191 17DD
IC 22 22
IH 22 22
SC 22 22
Total 66 66

For 10 consecutive days after infection, groups of animals
containing 6 inoculated hamsters (2 IC, 2 IH, and 2 SC) and
1 normal were sacrificed daily. The animals surviving after
10 days were observed up to day 21, when all of them were
sacrificed and the experiment concluded.

Under halothane anesthesia, hamsters were exsanguinated
by cardiac puncture. The blood was obtained without
anticoagulant substances and the serum separated and stored
into two aliquots, one at -20°C (for serology) and another at
-70°C (attempts for virus isolation). Subsequently, animal
necropsy was carried out to obtain samples of brain, liver,
spleen, heart, kidney, and lung. The viscera were separated
into two aliquots, one to be frozen at -70°C, and another
preserved in 10% buffered formalin solution.

Virus testing. Sera and organ samples obtained from the
infected hamsters were used for virus titration by inoculation
in 2-3 day old albino Swiss mice. Each organ was individually
macerated, and 10% suspensions were prepared in PBS pH7.4,
containing 0.75% bovine albumin and antibiotics (100Ul/mL
of penicillin and 100ug/mL of streptomycin). Subsequently,
the suspensions were clarified by centrifugation at 5,000rpm
for 15 minutes at 4°C, and the supernatants used undiluted as
inocula in newborn mice. Sera and viscera supernatant fluids
giving positive results (death in mice) were then titrated in
newborn mice, using 10-fold serial dilutions prepared from
107 to 10°%. Virus titers were calculated using the Reed &
Muench method* and expressed as LD, /0.02mL.

Antibody detection. Complement fixation test: the
complement fixation test CF) microtechnique modified by
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Fulton & Dumbell* was used for antibody detection, using known
antigens. Serum samples obtained from inoculated hamsters and
from the negative controls (non inoculated hamster) were tested
at dilutions of 1:8, 1:16; 1:32 and 1.64 against YFV (strain 17DD)
and Guaroa (strain BEH22063) virus antigens at 1:8 and 116
dilutions. Guaroa, a bunyavirus, was used as negative control.
The CF antibody titers for positive sera were reported as the
highest dilution giving a percentage of hemolysis up to 25%.

Hemagglutination inhibition test: hamster sera,
previously extracted by acetone method and adsorbed in
goose erythrocytes, were tested by hemagglutination inhibition
test (HI) using the microtechnique described by Shope.
Hemagglutinin antigens were prepared from YFV (strain
17DD) infected new born mouse brain, using the sucrose
acetone extration method?. Initially, serum samples were
tested at 1:20 dilution against 4 units of the antigen, and a
1:200 dilution of goose erytrocytes within pH 6.4.
Subsequently, the titration of the positive sera was carried
out up to 1:1,280 dilution.

Determination of alanine aminotransferase levels.
Determination of alanine aminotransferase (ALT) level was
determined in serum samples of hamsters previously
inoculated with the YFV and controls, using a commercial kit
(ROCHE) with an automated reader (COBRAS MIRA PLUS).
ALT levels in the serum samples of hamsters collected from
day 1 to day 10 and at day 21 post inoculation, were analyzed
in function of the arithmetic average (2 (Xi)/n) and standard
deviation values found in the sera of hamsters not inoculated
(71.5 = 11.0) used as negative control in the experiment as
well as in correlation with hepatic parenchyma damage.

Antigen detection. Complement fixation test: samples
of brain, liver, heart, spleen, kidney and lung obtained from
the infected and non infected hamsters were individually
macerated and used to prepare 1mL of antigen suspension in
veronal diluted at 1:5. The supernatants were clarified by
refrigerated centrifugation at 2,500rpm for 5 minutes, and
tested against mouse immune ascitic fluid anti YFV (MIAF-YFV).

Immunohistochemical assay: fragments of organs
obtained from infected hamsters were processed to obtain
5um thin cuts, placed over glass slides Super-frost ®/Plus
(A. Daigger & Company), incubated at 60°C, and processed
by the immunohistochemical method’. The primary antiserum
corresponded to the antiMIAF-YFV antibody diluted at
1:4,000, and the secondary (conjugated antibody) to mice
and rabbit anti immunoglobulins produced in goat and
absorbed in dextran polymer containing alkaline phosphatase
molecules (Envision System, Dako, EUA). The cells with viral
antigen showed discrete, moderate, or strong cytoplasmic
staining (red) when examined using an Olympus CBA
Microscope.

Histopathology. Tissues fragments were processed for
light microscopy, using a standard technique described as
sequential immersion of tissues in solutions with different
ethanol concentrations from 70% up to absolute (100%),
followed by two passages in zylol solvent at room temperature,

two immersions in paraffin resin at 60°C, inclusion in paraffin
blocks, 5um thin cuts production using a rotating microtome
(Jung Histocut 820 — Leica), and finally tissue staining, using
the hematoxilin-eosin technique'® %2,

RESULTS

The titers of the inocula for the GOI 4191 and 17DD virus
strains corresponded to 10%°LD, /0.02mL and 10“° LD, /
0.02mL, respectively. Virus testing, by newborn mice
inoculation method, revealed no viremia in hamster sera
inoculated with both strains by IC, IH or SC routes. Virus was
recovered only from the brain of animals inoculated by the
IC route. The 17DD virus strain was recovered from brain
samples between day 1 and day 9 post-inoculation (pi)
revealing a maximum titer at day 3 (10°“LD, /0.02mL). Strain
GOl 4191 was recovered from day 2 up to day 10 with highest
titer detected at day 6 (10*LD,/0.02mL) (Figure 1).
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Figure 1 - Representative curve of virus detection in hamster brains
inoculated by IC route with 17DD and GOI 4191 YFV strains.

Figure 2 shows the HI antibody responses in sera of
hamsters inoculated with the 17DD strain 5 days pi by IC
route, and at 6 days pi by IH and SC routes. On other hand,
antibody for GOI 4191 strain was demonstrated at day 6 in
hamsters inoculated by IH route and at day 7 in hamsters
inoculated by IC and SC routes. Antibody titers could be
detected up to day 21 pi. All of the samples obtained from

the control animals were negatives.
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5 day pi 40 <20 <20 <20 <20 <20
6 day pi 40 20 20 <20 40 <20
7 day pi 20 20 <20 40 80 80
8 day pi 20 20 <20 40 40 20
9 day pi 20 20 20 80 40 20
10 day pi 20 20 20 80 80 20
21 day pi 40 40 <20 160 160 80

<20: negative result

Figure 2 - HI antibody responses in hamsters inoculated with YFV
strains 17DD and GOI 4191 by IC, IH and SC routes.
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Figure 3 shows the presence of CF antibodies produced
against the 17DD YFV strain detected on the sixty day in
animals inoculated by IC, IH and SC routes. On the fifth day,
antibodies against the virus GOI 4191 were detected in
animals inoculated by the IC route; and on the seventh day it
was detected in animals inoculated by IH and SC routes.

Table 2 bring together the results concerning the
determination of ALT levels, detection of viral antigen by
immunohistochemical and histopathologic findings. Some ALT
levels were found to be higher than 71.5 + 11.0, values
observed in samples obtained from animals inoculated with
17DD (IC and SC) and GOI 4191 (IC, IH, and SC) strains.
Viral antigens were not detected for animals inoculated by
SC route.

The test for viral antigen in organs of hamsters inoculated
with 17DD and GOI 4191 viruses by the CF test using MIAF-
YFV (BEH111) gave negative results for all samples, including
brains from animals inoculated by the IC route. However, viral
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17DD-IC 17DD-IH 17DD-SC GOI 4191-IH | GOI 4191-SC
6 day pi 64 16 16 <8 <8
7 day pi 64 32 32 32 16
8 day pi 128 64 64 32 32
9 day pi 64 64 32 32 32
10 day pi 64 32 32 32 32
21 day pi 64 32 16 64 32

<8: negative result

Figure 3 - CF antibody response in hamsters inoculated with 17 DD
and GOI 4191 YFV strains by IC, IH and SC routes.

Table 2 - ALT levels in hamsters after infections with 17DD and GOI 4191
yellow fever strains and in uninfected (control) hamsters. Comparison
with histopathologic evaluation and immunohistochenical detection of YF
viral antigen.

ALT (UK/mL)
Daypi  17DD 17DD 17DD GOI41911C GOI4191IH GOI 4191 SC Controls
Ic H  sC Ic H SC 715110
1 55B 100+ 57  69LA 861 60 62
2 74B 61 61 74LA 58 LA 75 64
3 7B 59 67 G4LA 741A 83 215
4 53B 59l# 63  56L 82 56 63
5 9B 68L# T4 50 59 75 7
6  44BA 56l¢ 81 7 56 60 72
7 57BA 48 71 30B 70 66 97
8 42BALA 56 65  87B 82 7 83
9 35BALA 45 9 57BA 51 48 58
10 43BALA  T711* 207 99B 7 48 69
2 Y 68 45 ) 57 76

B Histopathologic changes in brain.

L Histopathologic changes in liver.

A Immunohistochemical detection of YF viral antigen

# Immunohistochemical detection of YF viral antigen was not performed.
* ALT levels increased and supposed to be caused by hemolysis.
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antigen was demonstrated by immunohistochemical assay in
the brain and liver of animals inoculated by the IC route with
both strains (Figure 4A-C), as well as, in the liver of animals
inoculated by the IH route with the strain GOI 4191 (Figure
4D). Immunohistochemical detection of YF viral antigen in
the liver of the animals inoculated by IH route with the strain
17DD was not carried out.

Histopathologic examinations carried out in organs of
hamsters collected from day 1 through day 10, and day 21
pi, revealed histologic changes in animals inoculated with
the YFV 17DD and GOI 4191 strains by IC and IH routes. On
the other hand, no histologic changes were found in animals
inoculated by SC route.

Figure 4 - Immunohistochemical staining (alkaline phosphatase) for YF viral antigen on
brain and liver specimens of hamsters inoculated with the strains 7DD and GOI 4191. A:
Brain from day 6 pi with 17DD, route IC, showing cytoplasm staining (red) in neuron cells
(400X); B: Brain from day 9 pi with GOI 4191, route IC, showing red stained YFV antigen in
neuron cytoplasm (400X); C: Liver fromday 10 pi with 17DD, route IC, showing YFV antigen
in hepatocyte cytoplasm strongly stained in red (400X); D: Liver from day 3 pi with GOI
4191, route IH, showing YFV antigen in several hepatocytes weakly stained in contrast with
only one strongly stained.
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Figure 5 - Photomicrographs of pathologic changes (hematoxylin-eosin)
inbrain and liver from yellow fever (17DD and GOI 4191 strains) infected
hamsters. A: Brain from day 1 pi with 17DD, route IC, showing
mononuclear inflammatory cell infiltrate in perivascular area (200X);
B: Brain from day 9 pi with GOI 4191, route IC, showing discrete edema
and mononuclear inflammatory cells infiltrate in the perivascular space
(200X); C: Liver from day 6 pi with 17DD, route IH, showing tumefaction
of hepatocytes and spotty necrosis (center of figure) surrounded by
mononuclear inflammatory cells (400X); D: liver from day 1 pi with
GOI 4191, route IH, showing focal necrosis of hepatocytes surrounded
intralobular mononuclear inflammatory cells (400X).
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Hamsters inoculated IC with the 17DD virus showed viral
encephalitis from day 1 to day 10 pi and liver inflammatory infiltrate
from day 7 to day 10, whereas in hamsters infected with the GOI
4191 strain, virus encephalitis was observed from day 7 to day 10
pi, as well as liver inflammatory reaction from day 1 to day 4 (Figure
5A-B). Animals inoculated with the 17DD and GOI 4191 by IH
route showed morphologic changes in the liver from day 4 to day
6 and from day 1 to day 3, respectively (Figure 5C-D). Both strains
produced viral encephalitis classified from light to severe, as well
as discrete showed morphologic changes in the liver, described as
mononuclear inflammatory reaction at lobule and portal space
levels, and the presence of rare and isolated acidophilic granules.

DISCUSSION

No virus was detected in the sera of animals inoculated by any
route, with either the 17DD or the GOl 4191 YFV strains. In contrast,
differences could be observed in comparison with data previously
reported for hamsters inoculated by intraperitoneal route with wild
strains of YFV; the latter animals developed viremia within 24h pi.
The viremia lasted 5-6 days, and usually reached maximum values
at day 3 pi”. The HI and CF antibody curves for both strains were
similar, although antibodies were initially detected at day 5-6 for
the 17DD strain and at day 6-7 for the GOI 4191 virus strains.
Furthermore, the highest antibody titers were induced by GOI 4191
strain. Early detection of HI antibodies (day 4 and day 5 pi) is
reported for hamsters inoculated IP with a wild type YFV strain, as
well as by IC and SC routes (APAT Rosa: unpublished data).

Complement-fixing antibodies were detected in hamsters
inoculated IP with wild type YFV at day 4 and at day 6 pi by the SC
route (APA Travassos da Rosa, unpublished data). In animals
inoculated with the virus GOI 4191, complement-fixing antibodies
were detected at day 6-7, but this type of antibody was also detected
on day 6 pi in animals inoculated with the 17DD virus strain. Yellow
fever vaccine has been shown to induce seroconversion or
significant complement-fixing antibody titer rises in up to 46% of
persons with pre vaccination YFV or heterologous flavivirus
experiences, but not in immunological virgins'2

Levels of ALT, specific aminotransferases usually indicative of
hepatic necrosis, in hamsters infected with wild type YFV became
elevated from day 4 to day 6 pi reaching levels of 1000U/L
considered higher than normal values (28-119U/L) reported for
adult female hamsters®’. In this study, ALT levels determined for
hamsters inoculated with both virus strains showed different curve
in comparison with the kinetic curves described above. In this
case, enzyme levels showed ramdomized elevation, and according
to results revealed by histophatology, correlation with hepatic
parenchyma damage was not observed. ALT level alterations were
not accentuated, except for hamsters inoculated with 17DD strain
by IH and SC routes collected at tenth day pi. This finding probably
was related to elevated hemolysis level observed in the tested sera.

The 17DD and GOI 4191 virus strains were recovered
only from brain of hamsters inoculated by the IC route, the
recognized organ for YFV vaccine strain tropism.
Histopathologic results revealed characteristic encephalitis in

animals inoculated with GOI 4191 by the IC route, and hepatic
inflammatory reaction in hamsters inoculated by IC and IH routes.
Same morphological changes were also observed in animals
inoculated with 17DD vaccine strain. These findings are in
contrast with previous one observed for animals inoculated with
vaccine strains®®. On the other hand, histological damage
observed in hamsters inoculated IP with wild YFV strains were
described as moderate and non specific morphologic changes
in the brain (perivascular hemorrhage and edema), as well as
hepatic focal necrosis at day 3 pi with confluent necrosis and
steatosis evolution, where hepatocellular regeneration was
observed in survived animals after day 8%.

YFV antigen determinations in organs of hamsters inoculated
with 17DD and GOI 4191 strains were negative by CF test,
including from the brain of animals inoculated IC; however the
antigen was detected in fluids of infected Vero cells and brain of
newborn mice infected with the referred strains (data not shown).
In contrast, viral antigen was demonstrated by immuno
histochemical technique in organs (brain and liver) of hamsters
infected with 17DD and GOI 4191 strains.

Discrete differences observed for kinetic curves of virus
detected in brain (Figure 1) and antibody levels (Figures 2 e
3) observed early with 17DD virus, probably are related with
the different doses used in the experiment. Nevertheless, further
studies are necessary in order to adjust the LD, GOI 4191 dose
in comparison with the reference virus, as well as an experiment
using groups of animals inoculated with the wild type YFV strain
and used as positive control for virus viscerotropism.

The phenotypic analysis revealed that the virus strain GOI
4191, using hamsters as experimental model, showed similar
results to those reported for the 17DD vaccine virus
(1ot98UFB0882) and different from those found in the
literature for hamsters inoculated with wild type YFV strains
by IP route.
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