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Case report: Bilateral panuveitis
resembling Vogt-Koyanagi-
Harada disease after second
dose of BNT162b2 mRNA
COVID-19 vaccine

Tomohito Sato’, Ryotaro Nihei', Daisuke Sora,
Yoshiaki Nishio and Masaru Takeuchi*

Department of Ophthalmology, National Defense Medical College, Saitama, Japan

Coronavirus disease 2019 (COVID-19) caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) remains a serious pandemic. COVID-
19 vaccination is urgent needed for limiting SARS-CoV-2 outbreaks by herd
immunity. Simultaneously, post-marketing surveillance to assess vaccine safety
is important, and collection of vaccine-related adverse events has been in
progress. Vision-threatening ophthalmic adverse events of COVID-19 vaccines
are rare but are a matter of concern. We report a 45-year-old Japanese male
with positive for HLA-DR4/HLA-DRB1*0405, who developed bilateral
panuveitis resembling Vogt-Koyanagi-Harada (VKH) disease after the second
dose of Pfizer-BioNTech COVID-19 mRNA (BNT162b2) vaccine.
Glucocorticosteroid (GC) therapy combined with cyclosporine A (CsA) readily
improved the panuveitis. The immune profile at the time of onset was analyzed
using CyTOF technology, which revealed activations of innate immunity mainly
consisting of natural killer cells, and acquired immunity predominantly
composed of B cells and CD8" T cells. On the other hand, the immune
profile in the remission phase was altered by GC therapy with CsA to a
profile composed primarily of CD4" cells, which was considerably similar to
that of the healthy control before the vaccination. Our results indicate that
BNT162b2 vaccine may trigger an accidental immune cross-reactivity to
melanocyte epitopes in the choroid, resulting in the onset of panuveitis
resembling VKH disease.
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Introduction

Coronavirus disease 2019 (COVID-19) caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is an
ongoing pandemic (1). Regarding the epidemiologic
characteristics of COVID-19 outbreak between 2019 and 2020,
although the infection rate of COVID-19 varies greatly
depending on country and region, generally 30% to 50% of
COVID-19 patients were asymptomatic, 20% became severe,
and 5% required mechanical ventilation management, half of
those under ventilation management died (2, 3). As for the
immune profiles of severe COVID-19 patients with acute
respiratory distress syndrome (ARDS), cytokine release
syndrome (CRS) may occur in these patients, which is a life-
threatening systemic inflammatory syndrome involving elevated
levels of circulating cytokines and immune cell hyperactivation
(4). In COVID-19 patients with ARDS, the levels of interleukin
(IL)-1, tumor necrosis factor alpha (TNFo) and IL-6 are elevated
in the peripheral blood (5, 6). In addition, severe COVID-19
patients display immune dysregulation manifesting macrophage
activation as well as depletion of CD4" T cells and natural killer
(NK) cells (7).

At present, COVID-19 vaccination is urgently implemented
for limiting SARS-CoV-2 transmission, with the aim to reach a
state of so-called herd immunity (8). Several types of novel
COVID-19 vaccines including a nucleoside-modified messenger
ribonucleic acid (mRNA) have been approved (1). Post-
marketing surveillance to assess safety of the vaccines is
extremely important, and has been performed to collect
adverse events related to COVID-19 vaccines (1). From the
millions of doses of mMRNA COVID-19 vaccines administered,
general adverse events that occur in a considerable subset of
individuals are mild to moderate reactions at the injection site,
fever, fatigue, body aches, and headache (9). Furthermore, rare
but serious adverse effects including vasculitis, thrombosis,
cerebral infarction, myocardial damage and multiple organ
dysfunction have been reported (5, 10). Regarding COVID-19
vaccine-related ophthalmic adverse events, uveitis, acute
macular neuroretinopathy, central serous retinopathy, multiple
evanescent white dot syndrome, etc. are reported (11). A few
case studies on new onset of Vogt-Koyanagi-Harada (VKH)
disease after adenovirus vector COVID-19 vaccine (Oxford
AstraZeneca; ChAdOx1 nCoV-19/AZD1222) (12) and mRNA
COVID-19 vaccine (Pfizer-BioNTech; BNT162b2) (13) have
been published, although the onset mechanism of ophthalmic
adverse events from the vaccines remains unclear.

Here we report a rare case of bilateral panuveitis resembling
VKH disease occurring after the second dose of BNT162b2
vaccine, and present the immune profile of the patient including
analysis of serum cytokines and cell-mediated immunity using
multiplex bead analysis system and mass cytometry by time-of-
flight (CyTOF) technology.
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Case report

A 45-year-old Japanese male with no medical history of
COVID-19 received the second dose of BNT162b2 vaccine. One
day after the vaccination, headache and general malaise
occurred, but disappeared spontaneously. Four days later, he
visited a local doctor with complaint of distorted vision and
color vision deficiency. The doctor confirmed the onset of serous
retinal detachment (SRD) in the macula of the left eye, and he
was referred to the ophthalmology department of our hospital
for detailed investigations.

At presentation, his best corrected visual acuity (BCVA) on
the decimal chart was 0.4 (0.40, when converted to logarithm of
the minimum angle of resolution) in the right eye, and 0.6 (0.22)
in the left eye. Slit-lamp examination detected grade 1+
inflammatory cells in the anterior chamber of the right eye,
and grade 2+ in the left eye, while vitreous opacities was grade 0
in both eyes (14). Color fundus photography showed bullous
SRDs in the posterior retina of both eyes (Figure 1). SRDs,
cystoid spaces in the neurosensory layer of the retina, and
choroidal thickening were revealed by enhanced depth
imaging optical coherence tomography. Fluorescein
angiography (FA) images indicated multiple punctate
fluorescein leakages and pooling consistent with the SRD
locations, and hyperfluorescence of the optic disc. Indocyanine
green angiography (IA) images depicted dark patches, implying
inflammatory granuloma in the choroid.

On admission, body temperature was 37.1 degrees Celsius
(°C), and there was no abnormal shadow on chest X-ray image.
He did not notice tinnitus or onset of hair loss or gray hair.
Peripheral blood tests showed white blood cell (WBC) count of
9.90 x 10 cells/uL, and differential counts of neutrophils 67.1%,
lymphocytes 28.3% and monocytes 3.3% (Supplementary
Table 1). Soluble IL-2 receptor level was 476 U/mL and
erythrocyte sedimentation rate was 18 mm/hour, whereas C-
reactive protein level was 0.3 mg/dL or less. In human leukocyte
antigen (HLA) typing, HLA-DR4/HLA-DRB1*0405 and HLA-
DR9/HLA-DRB1*0901 were positive. Diagnostic lumbar
puncture revealed no pleocytosis (1 cell/mm? in cerebrospinal
fluid, Supplementary Table 2), implying exclusion of meningitis.
Based on the clinical findings and laboratory data, this case was
diagnosed as BNT162b2 vaccine-related bilateral panuveitis
resembling VKH disease, which is categorized as “probable”
based on the presence of ocular and extraocular manifestations
(15). As for drug-induced uveitis, we assessed the involvement of
BNT162b2 vaccine in the panuveitis by the Naranjo score
(16, 17), and judged it to be “probable” with a score of 5.

Glucocorticosteroid (GC) therapy was initiated according to
the standard treatment for VKH disease (18). In the clinical
course of treatment (Supplementary Figure 1), we paid attention
to deterioration of visual acuity and subfoveal choroidal
thickness, and tapered the dose of prednisolone in accordance
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FIGURE 1

Fundus findings of panuveitis at the time of onset. Color fundus photographs show bullous SRDs in the posterior retina (areas of orange dotted
circles), redness and swelling of the optic disc (white arrows) in (A) the right eye and (B) the left eye. EDI-OCT images reveal SRDs (yellow
asterisks), cystoid spaces in the neurosensory layer of the retina (white asterisks), choroidal thickening (blue dotted lines) in (C) the right eye and
(D) the left eye. FA images indicate multiple punctate fluorescein leaks (yellow arrowheads) and pooling (yellow asterisks) consistent with the
SRD locations, and hyperfluorescence of the optic disc in (E) the right eye and (F) the left eye. IA images present dark patches (blue arrowheads)
in (G) the right eye and (H) the left eye. The time of photography after administration of FA or IA is indicated in the lower right corner. Scale bars
(white vertical bar) in (C, D), 200 um. EDI-OCT; enhanced depth imaging optical coherence tomography; FA, fluorescein angiography; IA,

indocyanine green angiography; SRD, serous retinal detachment

with the assessment of uveitis activity proposed by The
standardization of Uveitis Nomenclature (SUN) Working
Group (14). At six months, subfoveal choroidal thickness in
the right and left eyes deteriorated to 553 pm and 607 um
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respectively, while visual acuity was well preserved, and the
panuveitis was inactive (14) under administration of 12.5 mg/
day prednisolone. In addition, the onset of steroid-induced
diabetes mellitus was worried because HbAlc level was
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elevated to 7.1%. Therefore, we determined that combination
therapy with prednisolone and cyclosporine A (CsA) was more
appropriate than the prednisolone monotherapy to maintain the
inactivation of the panuveitis. CsA was started at a dose of 250
mg/day (3.47 mg/kg/day) orally. Approximately seven months
later, the multiple SRDs disappeared and BCVA recovered to 1.5
(1.30) in the right eye, and 1.5 (1.30) in the left eye. Fundus
findings in the inactive phase are presented in Supplementary
Figure 2. Results of laboratory tests are described in
Supplementary Table 3.

To examine the immune profile of this case, peripheral blood
samples were collected at the time of onset (Pre-P) and
approximately seven months later (Post-P). Control samples
from a healthy individual (co-author, male in the thirties) were
obtained before BNT162b2 vaccination (Pre-C) and one month
after the third BNT162b2 vaccination (Post-C). Serum cytokine
levels were investigated by a multiplex bead analysis system (Bio-

10.3389/fimmu.2022.967972

Plex Human Cytokine 27-plex panel; Bio-Rad, Hercules, CA,
USA), and cell-mediated immunity was evaluated by CyTOF
technology using the Maxpar Direct ImmunoPhenotyping Assay
(MDIPA; Fluidigm, South San Francisco, CA, USA) (19),
according to manufacturer’s protocols. Serum levels of platelet
derived growth factor-BB, IL-1 receptor antagonist, IL-7, IL-9,
eotaxin, interferon-y-inducible protein-10, macrophage
inflammatory protein-1f, regulated on activation, normal T
cell expressed and secreted were considerably higher compared
with the levels reported for healthy individuals (20) (Table 1).
On the other hand, serum levels of the remaining cytokines were
within normal ranges.

Next, immune cell populations and cellular phenotypes in
peripheral blood mononuclear cells were examined (Table 2 and
Figure 2). Comparing Pre-P of the patient at the time of onset
with Pre-C as BNT162b2 vaccine-naive control, the cell
populations of all CD8" T cells except naive, CD4" central

TABLE 1 Serum cytokines levels of the patient with panuveitis at the time of onset.

Cytokine Level
PDGEF-BB 2449.1
IL-1B 0.69
IL-1ra 35.56
IL-2 0
1L-4 1.53
IL-5 0
IL-6 0
IL-7 33.67
IL-8 1.18
IL-9 23.29
IL-10 0
IL-12 0
IL-13 0
IL-15 0
IL-17A 3.13
Eotaxin 107.12
bFGF 6.98
G-CSF 0
GM-CSF 0
IFN-y 0
IP-10 1376.26
MCP-1 0
MIP-10 0.59
MIP-18 37.51
RANTES 992.4
TNFo 6.38
VEGEF-A 0

Detection range

Lower Upper
7.67 40371
0.28 4203
9.56 10863
1.50 8778
0.16 2536
4.02 67622
0.37 5970
10.9 36230
0.75 9710
0.92 21827
0.84 11610
1.85 7840
1.41 5003

231.8 72994
2.69 10948
0.09 1487
352 3769
55.0 70103
0.42 1823
0.74 10943
184 23765
2.61 6960
0.08 349
142 1481
1.44 5544
2.73 53797
69.9 69174

Cytokine levels are expressed as pg/mL. Cytokine levels below detectable levels are treated as 0 (21). bFGF, basic fibroblast growth factor; G-CSF, granulocyte colony-stimulating factor; GM-
CSF, granulocyte macrophage colony-stimulating factor; IFN-7, interferon-gamma; IL, interleukin; IL-1ra, IL-1 receptor antagonist; IP-10, interferon gamma-induced protein 10; MCP-1,
monocyte chemotactic protein-1; MIP, macrophage inflammatory protein; PDGF, platelet derived growth factor; RANTES, regulated on activation normal T-cell expressed and secreted;
TNFo, tumor necrosis factor alpha; VEGF, vascular endothelial growth factor.
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TABLE 2 Immune cell populations and cellular phenotypes in peripheral blood mononuclear cell samples from the patient and healthy control.

Immune cell population Cellular phenotype Pre-C Post-C Pre-P Post-P

Intact live cells (%) 100 100 100 100
Lymphocytes CD3 T cells + B cells + NK cells + plasmablasts 61.6 419 80.7 63.7
CD3" T cells CD8 T cells + CD4 T cells + ¥ T cells + MAIT/NKT cells 47.4 33.3 33.9 474
CD8" T cells CD3+ CD66b- CD19- CD8+ CD4- CD14- CD161- TCRy3- CD123- CD11c- 14.6 11.7 17.7 17.6
Naive CD8 T cells + CD45RA+ CCR7+ CD27+ 7.26 4.02 0.88 5.35
Central memory CD8 T cells + CD45RA- CCR7+ CD27+ 0.13 0.04 0.05 0.31
Effector memory CD8 T cells + CCR7- CD27+ 1.60 2.26 4.67 1.43
Terminal effector CD8 T cells + CCR7- CD27- 5.61 5.39 12.1 10.5
CD4" T cells CD66b- CD3+ CD8- CD4+ CD14- TCRyS- CD11c- 26.2 133 119 28.0
Naive CD4 T cells + CD45RA+ CCR7+ CD27+ 14.9 6.11 3.95 16.5
Central memory CD4 T cells + CD45RA- CCR7+ CD27+ 2.62 2.00 321 3.03
Effector memory CD4 T cells + CD45RA- CCR7- CD27+ 0.00 4.01 3.48 6.60
Terminal effector CD4 T cells + CD45RA- CCR7- CD27- 891 1.21 1.22 1.82
Treg cells CD4 T cells + CD25+ CD127- CCR4+ 0.44 0.43 0.81 0.21
Thi-like cells CD4 T cells + CXCR3+ CCR6- CXCR5- CCR4- 1.35 0.22 0.41 0.57
Th2-like cells CD4 T cells + CXCR3- CCR6- CXCR5- CCR4+ 2.83 1.38 2.35 225
Th17-like cells CD4 T cells + CXCR3- CCR6+ CXCR5- CCR4+ 0.68 1.30 1.06 2.38
Y8 T cells CD66b- CD3+ CD8dim,- CD4- CD14- TCRY3 dim,+ 6.51 7.28 419 1.40

CD4 T Cells
MAIT/NKT cells  CD66b- CD3+ CD4- CD14- CD161+ TCRYd- CD28+ CD16- 0 0.99 0.18 0.45
B cells CD3- CD14- CD56- CD16 dim,- CD19+ CD20+ HLA-DR dim,+ 11.8 4.95 15.4 9.38
Naive B cells + CD27- 9.37 3.41 11.4 7.90
Memory B cells + CD27+ 2.38 1.44 3.54 1.46
Plasmablasts CD3- CD14- CD16-,dim CD66b- CD20- CD19+ CD56- CD38++ CD27+ 0.07 0.09 0.41 0.01
NK cells CD14- CD3- CD123- CD66b- CD45RA+ CD56 dim,+ 2.43 3.67 31.4 6.92
Early NK cells + CD57- 1.52 2,61 114 1.83
Late NK cells + CD57+ 091 1.06 20.0 5.09
Monocytes CD3- CD19- CD56- CD66b- HLA-DR+ CD11c+ 9.65 11.9 6.87 9.88
Classical Monocytes + CD14+ CD38+ 8.55 11.0 5.09 9.54
Transitional Monocytes + CD14 dim CD38 dim 0.82 0.62 0.61 0.20
Nonclassical Monocytes + CD14- CD38- 0.27 0.23 117 0.14
Dendritic cells pDCs+ mDCs 0.48 0.79 0.20 0.24
Plasmacytoid DCs CD3- CD19- CD14- CD20- CD66b- HLA-DR dim,+ CD11c- CD123+ 0.03 0.11 0.12 0.04
Myeloid DCs CD3- CD19- CD14- CD20- HLA-DR dim,+ CD11c dim,+ CD123- CD16 dim,- CD38 0.45 0.68 0.08 0.20

dim,+ CD294- HLA-D

Granulocytes Neutrophils + basophils + eosinophils + CD66b- neutrophils 17.0 35.9 3.71 18.7
Neutrophils CD66b dim,+ CD16+ HLA-DR- 16.4 32.5 2.83 13.0
Basophils HLA-DR- CD66b- CD123 dim,+ CD38+ CD294+ 0.04 2.37 0.48 0.36
Eosinophils CD14- CD3- CD19- HLA-DR- CD294+ CD66b dim,+ 0.25 0.27 0.13 0.61
CD66b™ neutrophils CD3- CD19- CD66b- CD56- HLA-DR- CD123- CD45- 0.32 0.75 0.27 4.74

Cellular phenotypes in this table are as defined by Bagwell et al. (19). Nomenclature such as TCRYS dim,+ means that dim to positive events are selected. CsA, cyclosporine A; DCs, dendritic

cells; GG, glucocorticosteroid; HLA, human leukocyte antigen; MAIT cells, mucosal associated invariant T cells; mDCs, myeloid DCs; NK cells, natural killer cells; NKT cells, natural killer T
cells; pDCs, plasmacytoid DCs; Post-C, healthy control one month after the third dose of BNT162b2 vaccine; Post-P, patient receiving GC therapy combined with CsA in the inactive phase;
Pre-C, healthy control before BNT162b2 vaccination; Pre-P, patient not receiving GC therapy at the time of onset; Th1-like cells, T helper 1-like cells; Th2-like cells, T helper 2-like cells;

Th17-like, T helper 17-like cells.

memory T cells, B cells and NK cells were increased in Pre-P,
whereas those of CD8" naive T cells, CD4" naive T cells, T helper
1 (Thl)-like cells and T helper 2 (Th2)-like cells were relatively
high in Pre-C. The immune profile of Post-P in the inactive
phase was substantially similar to that of Pre-C, and the cell
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populations of CD8" central memory T cells, CD4" effector
memory T cells, T helper 17 (Th17)-like cells, CD66b™
neutrophils and eosinophils were increased compared to those
at the time of onset (Pre-P). When we compared the immune
profiles between Pre-C and Post-C to assess the efficacy of
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BNT162b2 vaccine in the healthy control, the cell populations of
neutrophils, basophils, monocytes classical cells, and myeloid
dendritic cells (mDCs) were increased in Post-C, while the cell
populations of CD8" naive T cells, CD4" naive T cells, CD4"
terminal effector T cells, Thl-like cells, and Th2-like cells were
relatively high in Pre-C. The heat map (Figure 2) displaying the
distribution of immune cell populations in the four samples
indicated that the immune profile of Pre-P was not similar in
properties to the profiles of the other three samples (Pre-C, Post-
C and Post-P), while there was a high property similarity
between the immune profiles of Pre-C and Post-P.

Discussion

To the best of our knowledge, we present the first
immunological profiling of a patient with BNT162b2 vaccine-
related ophthalmic adverse events. Three main conclusions can
be drawn (1). In this patient, CRS did not occur, but innate
immunity mainly consisting of NK cells, and acquired immunity
predominantly composed of B cells and CD8" T cells were
activated after the second dose of BNT162b2 vaccine (2). GC
therapy combined with CsA suppressed the activated innate and
acquired immunities, and changed the immune profile to one
predominantly composed of CD4" cells, which had similar
properties to the profile of a healthy control before BNT162b2
vaccination (3). After the third dose of BNT162b2 vaccine, the
immune profile of the healthy control changed from a profile
based on mainly acquired immunity composed predominantly

Pre-P

Post-C

FIGURE 2

Pre-C

10.3389/fimmu.2022.967972

of CD4" T cells to a profile based on innate immunity consisting
of monocytes, dendritic cells and granulocytes.

Currently, there are some discussions about the relationship
between COVID-19 vaccination and the onset of uveitis with
unknown etiology, which is very rare but nonetheless a
significant adverse event. Since the innate immune system
primed by the first dose of COVID-19 mRNA vaccination
elicits a stronger response after the boost dose (22), we sought
to examine which immune response triggers the panuveitis
resembling VKH disease in this case.

VKH disease is an acute panuveitis characterized by
bilateral, diffuse granulomatous lesions resulted from stromal
choroiditis, accompanied by neurologic manifestations of
headache and nausea (23). Characteristic ocular manifestations
of VKH disease at the time of onset include sudden blurred
vision, bilateral panuveitis, diffuse granulomatous choroiditis
with exudative retinal detachment, vitritis and optic disc swelling
(18, 24). The prevalence of VKH disease varies among different
countries and ethnic groups (18). In Asian, VKH disease
represents one of the most common uveitis entities (25). VKH
disease is a complex disease involving multiple interactions
among different immune cell populations (18). VKH patients
are sensitized to melanocyte epitopes, and patients with HLA-
DR4/HLA-DRB1*0405 recognize a broader melanocyte derived
peptide repertoire (26). So, HLA-DR4/HLA-DRB1*0405 has
been well-known as a significant genetic risk factor involved in
the onset of VKH disease (27).

Accumulating evidence indicates that dysregulated T cell
subsets including cytotoxic T cells (28), Th1 cells (29), and Th17

Thi-like cells
D4+ terminal effector

<-1
CDa+ T cells 107
CD3+ T cells
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CD66b~ neutrophils
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CD8# central memory
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-0.78--056
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-0.33--0.11
011-0.11
Granulocytes 0.11-033
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Hierarchical cluster analysis of cellular phenotypes in the patient and the healthy control. In the heatmap, the vertical axis shows 37 types of
immune cells in peripheral blood mononuclear cells. The horizonal axis shows four samples: Pre-P; patient not receiving GC therapy at the
time of onset, Post-C; healthy control one month after the third dose of BNT162b2 vaccine, Pre-C; healthy control before BNT162b2
vaccination, Post-P; patient receiving GC therapy combined with CsA in the inactive phase. Hierarchical cluster analysis was performed
using Euclidean distance as a distance measure and Ward's method for hierarchical clustering (21). Color scale: low values, red; middle to

high values, black to green.
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cells (30, 31) are an immunological feature in the pathology of
VKH disease. Furthermore, activated T cells are demonstrated as
the predominant cell types in choroidal inflammation,
accompanied by the presence of choroidal melanocytes
expressing HLA-DR (32). Our patient is HLA-DR4/HLA-
DRB1*0405-positive, and the increase in immune cell
population of CD8" T cells would be almost synonymous with
the activation of T cell subsets in the interpretation of immune
responses. In addition, the increased cell populations of B cells
and NK cells at the time of onset in this case were noteworthy
findings, and they were similar to the immunological features of
VKH disease. B cells contribute to the pathogenesis of
autoimmune diseases by producing autoantibodies and/or
through acting as antigen-presenting cells (APCs) (33). In
VKH patients, B cell infiltration was found in uveal tissues
(34). It is presumed that NK cells limit autoimmune responses
by inhibiting the proliferation and activation of auto-reactive T
lymphocytes, and hampering the activation of monocytes (18).
Therefore, the increased NK cells observed in our case may play
a counterbalance role to suppress excessive activations of B cell
subsets and CD8" T cells for maintaining immune homeostasis.

Although numerous new drugs have been developed within
the last few decades, high-dose GC pulse therapy has been the
most widely used treatment for VKH disease at the time of onset,
because most patients respond well, and achieve symptom
amelioration within a few days of the therapy (35). GC
therapy has a direct or indirect inhibitory effect on T cells
through inhibition of T cell activation, suppression of
inflammatory mediators such as nitric oxide, and promotion
of apoptosis in immune cells (36). Regarding fluctuation of
immune profile in VKH disease by GC therapy, GC therapy
not only inhibits T cell activation directly, but also affects
monocyte subsets, which might synergistically inhibit the
pathogenic immune responses in VKH disease (18). In
addition, GC therapy is also effective for the treatment of
autoimmune diseases such as rheumatoid arthritis, in which
autoantibodies contribute to the pathology (37). On the other
hand, CsA is an antibiotic, lipophilic cyclic polypeptide, and has
a specific action on CD4 lymphocytes, where it inhibits
calcineurin, an essential component of the IL-2 system (38).
Both IL-2 expression and IL-2 surface receptors are inhibited,
which depresses the CD4 lymphocyte’s ability to activate and to
recruit, so that CD4-driven inflammation is reduced (38). In our
case, GC therapy combined with CsA suppressed the increased
cell populations of CD8" T cells, B cells, NK cells as well as
nonclassical monocytes. Therefore, we speculate that GC
therapy combined with CsA may be a useful treatment for this
case because of the similar pharmacological effects of both agents
on VKH disease.

We had a good opportunity to examine the immune profile
of not only the patient with panuveitis but also BNT162b2
vaccine-induced immune fluctuations in a healthy subject
(Table 2 and Figure 2). When infected with SARS-CoV-1 or
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Middle-east respiratory syndrome coronavirus similar to SARS-
CoV-2 (39), innate immunity is augmented by activation of
pattern recognition receptors (40). In this study, the sample from
the healthy control after the third dose of BNT162b2 vaccine was
collected approximately one month after the vaccination. In that
sample, the immune cell populations of granulocytes
(predominantly neutrophils and basophils), monocytes, and
mDCs that are APCs were increased. Therefore, innate
immunity may be predominantly activated approximately one
month after the third vaccination. On the other hand, the
activation of acquired immunity primarily involving B cells
and T cells is speculated to occur in the early phase after
COVID-19 vaccination, when the increases of SARS-CoV-2
spike 1-specific immunoglobulin G and neutralizing antibodies
are induced (41). Therefore, the changes in immune profiles of
the healthy control before and after BNT162b2 vaccination may
provide a valuable source of information for understanding
immune responses following BNT162b2 vaccination.

CRS developed in severe COVID-19 patients with ARDS
(5, 6) is characterized by elevation of plasma TNFo and IL-6
levels (40). Our patient did not manifest symptoms of CRS, but
the B cell and CD8" T cell populations were increased at the time
of onset. On the other hand, HLA-DR expression, B cells and T
cells are decreased in COVID-19 patients with ARDS (7).
Therefore, we could presume that BNT162b2 vaccine acted
effectively as an immune activator for COVID-19 in our
patient. SARS-CoV-2 can disturb self-tolerance and trigger
autoimmune responses through immunological cross-reactivity
with host cells (42). VKH disease is a T-cell-mediated
autoimmune disease against one or more antigenic
components of melanocytes (30, 43, 44). Assuming that
BNT162b2 vaccine-induced COVID-19 mimicry occurred in
this case, we speculate that the panuveitis resembling VKH
disease may be caused accidentally by multiple factors
including HLA-DR4 positivity as a genetic risk factor and
immunological cross-reactivity to melanocyte epitopes. So, the
possibility for screening tests of genetic predisposition to develop
autoimmune diseases before vaccine administration is
presumed, and in future, larger case series studies are required
to elucidate it.

This study has several limitations (1). As this study is a case
report, the immune profiles of the patient with BNT162b2
vaccine-related panuveitis and the healthy control cannot be
generalized. In the future, larger case series studies are expected
to reveal the immune profiles of COVID-19 vaccinated
individuals that could be an aid to assess the efficacy and safety
of the vaccination, and to predict the onset of potential side effects
(2). The healthy individual was used as a relative control because
he was not a VKH patient (3). Direct comparison of the immune
profiles between the patient at the time of onset and the healthy
control after the third dose of BNT162b2 vaccine is not
appropriate, because the number of vaccine doses received and
the number of days after vaccination differed (4). Real-time
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reverse transcription polymerase chain reaction (RT-PCR) testing
for SARS-CoV-2 RNA using nasopharyngeal swab was not
performed in this patient. At that time, administrative screening
for SARS-CoV-2 by RT-PCR testing in Japan could only be
performed for patients strongly suspected of COVID-19, who
had fever of 37.5°C or higher, respiratory symptoms, and
suspected pneumonia requiring hospitalization. In our patient,
COVID-19 was not suspected from the systemic symptoms on
admission, and thereafter no fever and respiratory symptoms were
observed during GC therapy.

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary Material. Further
inquiries can be directed to the corresponding author.

Ethics statement

Ethical review and approval was not required for the study
on human participants in accordance with the local legislation
and institutional requirements. The patients/participants
provided their written informed consent to participate in
this study.

Author contributions

TS and MT drafted the manuscript. TS and MT reviewed
and edited the manuscript. TS and YN performed cytokine
measurements. TS and YN performed phenotyping of
peripheral blood mononuclear cells. RN involved in treatment
of this case, and collected the data. DS provided peripheral blood

References

1. Hakroush S, Tampe B. Case report: ANCA-associated vasculitis presenting
with rhabdomyolysis and pauci-immune crescentic glomerulonephritis after
pfizer-BioNTech COVID-19 mRNA vaccination. Front Immunol (2021)
12:762006. doi: 10.3389/fimmu.2021.762006

2. Wu Z, McGoogan JM. Characteristics of and important lessons from the
coronavirus disease 2019 (COVID-19) outbreak in China: Summary of a report of
72 314 cases from the Chinese center for disease control and prevention. JAMA
(2020) 323(13):1239-42. doi: 10.1001/jama.2020.2648

3. Kasper MR, Geibe JR, Sears CL, Riegodedios AJ, Luse T, Von Thun AM, et al.
An outbreak of covid-19 on an aircraft carrier. N Engl ] Med (2020) 383(25):2417-
26. doi: 10.1056/NEJMo0a2019375

4. Fajgenbaum DC, June CH. Cytokine storm. N Engl ] Med (2020) 383
(23):2255-73. doi: 10.1056/NEJMra2026131

5. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of
patients infected with 2019 novel coronavirus in wuhan, China. Lancet (2020) 395
(10223):497-506. doi: 10.1016/S0140-6736(20)30183-5

6. Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al. Epidemiological and
clinical characteristics of 99 cases of 2019 novel coronavirus pneumonia in wuhan,

Frontiers in Immunology

08

10.3389/fimmu.2022.967972

samples as a healthy control. All authors contributed to the
article and approved the submitted version.

Funding

TS received a Grant-in-Aid for Advanced Medical
Development from National Defense Medical College, and
Research Grant from Daiwa Securities Health Foundation. MT
is supported by a Grant-in-Aid for Scientific Research C from
the Japan Society for the Promotion of Science (16K11337).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fimmu.2022.967972/full#supplementary-material

China: A descriptive study. Lancet (2020) 395(10223):507-13. doi: 10.1016/S0140-
6736(20)30211-7

7. Giamarellos-Bourboulis EJ, Netea MG, Rovina N, Akinosoglou K,
Antoniadou A, Antonakos N, et al. Complex immune dysregulation in COVID-
19 patients with severe respiratory failure. Cell Host Microbe (2020) 27(6):992—
1000.e3. doi: 10.1016/j.chom.2020.04.009

8. Garcia-Montero C, Fraile-Martinez O, Bravo C, Torres-Carranza D, Sanchez-
Trujillo L, Gémez-Lahoz AM, et al. An updated review of SARS-CoV-2 vaccines
and the importance of effective vaccination programs in pandemic times. Vaccines
(Basel) (2021) 9(5):433. doi: 10.3390/vaccines9050433

9. Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A, Lockhart S, et al.
Safety and efficacy of the BNT162b2 mRNA COVID-19 vaccine. N Engl ] Med
(2020) 383(27):2603-15. doi: 10.1056/NEJMo0a2034577

10. Cao X. COVID-19: Immunopathology and its implications for therapy. Nat
Rev Immunol (2020) 20(5):269-70. doi: 10.1038/s41577-020-0308-3

11. Ng XL, Betzler BK, Testi I, Ho SL, Tien M, Ngo WK, et al. Ocular adverse
events after COVID-19 vaccination. Ocul Immunol Inflamm (2021) 29(6):1216-24.
doi: 10.1080/09273948.2021.1976221

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2022.967972/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2022.967972/full#supplementary-material
https://doi.org/10.3389/fimmu.2021.762006
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1056/NEJMoa2019375
https://doi.org/10.1056/NEJMra2026131
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/S0140-6736(20)30211-7
https://doi.org/10.1016/S0140-6736(20)30211-7
https://doi.org/10.1016/j.chom.2020.04.009
https://doi.org/10.3390/vaccines9050433
https://doi.org/10.1056/NEJMoa2034577
https://doi.org/10.1038/s41577-020-0308-3
https://doi.org/10.1080/09273948.2021.1976221
https://doi.org/10.3389/fimmu.2022.967972
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Sato et al.

12. Saraceno JJF, Souza GM, dos Santos Finamor LP, Nascimento HM, Belfort
R. Vogt-Koyanagi-Harada syndrome following COVID-19 and ChAdOx1 nCoV-
19 (AZD1222) vaccine. Int ] Retina Vitreous (2021) 7(1):49. doi: 10.1186/s40942-
021-00319-3

13. Koong LR, Chee WK, Toh ZH, Ng XL, Agrawal R, Ho SL. Vogt-Koyanagi-
Harada disease associated with COVID-19 mRNA vaccine. Ocul Immunol Inflamm
(2021) 29(6):1212-5. doi: 10.1080/09273948.2021.1974492

14. Douglas AJ, Robert BN, James TRSUN Working Group. Standardization of
uveitis nomenclature for reporting clinical data. Results of the first international
workshop. Am ] Ophthalmol (2005) 140(3):509-16. doi: 10.1016/j.aj0.2005.03.057

15. Read RW, Holland GN, Rao NA, Tabbara KF, Ohno S, Arellanes-Garcia L,
et al. Revised diagnostic criteria for vogt-Koyanagi-Harada disease: Report of an
international committee on nomenclature. Am J Ophthalmol (2001) 131(5):647-52.
doi: 10.1016/s0002-9394(01)00925-4

16. Naranjo CA, Busto U, Sellers EM, Sandor P, Ruiz I, Roberts E, et al. A
method for estimating the probability of adverse drug reactions. Clin Pharmacol
Ther (1981) 30(2):239-45. doi: 10.1038/clpt.1981.154

17. London NJ, Garg SJ, Moorthy RS, Cunningham ET. Drug-induced uveitis.
J Ophthalmic Inflamm Infect (2013) 3(1):1-18. doi: 10.1186/1869-5760-3-43

18. Jiang H, Li Z, Yu L, Zhang Y, Zhou L, Wu J, et al. Immune phenotyping of
patients with acute vogt-Koyanagi-Harada syndrome before and after glucocorticoids
therapy. Front Immunol (2021) 12:659150. doi: 10.3389/fimmu.2021.659150

19. Bagwell CB, Hunsberger B, Hill B, Herbert D, Bray C, Selvanantham T, et al.
Multi-site reproducibility of a human immunophenotyping assay in whole blood
and peripheral blood mononuclear cells preparations using CyTOF technology
coupled with maxpar pathsetter, an automated data analysis system. Cytom B Clin
Cytom (2020) 98(2):146-60. doi: 10.1002/cyto.b.21858

20. Kletenkov K, Valiullina AK, Martynova EV, Gusev OA, Davidyuk Y, Garanina
EE, et al. Positive correlation between serum tryglycerides and pro-inflammatory
cytokines in hemorrhagic fever with renal syndrome. Blood (2017) 130:4818. doi:
10.1182/blood.V130.Suppl_1.4818.4818

21. Sato T, Enoki T, Karasawa Y, Someya H, Taguchi M, Harimoto K, et al.
Inflammatory factors of macular atrophy in eyes with neovascular age-related
macular degeneration treated with aflibercept. Front Immunol (2021) 12:738521.
doi: 10.3389/fimmu.2021

22. Arunachalam PS, Scott MK, Hagan T, Li C, Feng Y, Wimmers F, et al.
Systems vaccinology of the BNT162b2 mRNA vaccine in humans. Nature (2021)
596(7872):410-16. doi: 10.1038/s41586-021-03791-x

23. Burkholder BM. Vogt-Koyanagi-Harada disease. Curr Opin Ophthalmol
(2015) 26(6):506-11. doi: 10.1097/ICU.0000000000000206

24. Attia S, Khochtali S, Kahloun R, Zaouali S, Khairallah M. Vogt-Koyanagi-
Harada disease. Expert Rev Ophthalmol (2012) 7(6):565-85.

25. Chang JH-M, Wakefield D. Uveitis: A global perspective. Ocul Immunol
Inflammation (2002) 10(4):263-79. doi: 10.1076/0cii.10.4.263.15592

26. Damico FM, Cunha-Neto E, Goldberg AC, Iwai LK, Marin ML, Hammer J,
et al. T-Cell recognition and cytokine profile induced by melanocyte epitopes in
patients with HLA-DRB1*0405-positive and -negative vogt-Koyanagi-Harada
uveitis. Invest Ophthalmol Vis Sci (2005) 46(7):2465-71. doi: 10.1167/i0vs.04-1273

27. Shi T, Lv W, Zhang L, Chen J, Chen H. Association of HLA-DR4/HLA-
DRB1*04 with vogt-Koyanagi-Harada disease: A systematic review and meta-
analysis. Sci Rep (2014) 4:6887. doi: 10.1038/srep06887

Frontiers in Immunology

09

10.3389/fimmu.2022.967972

28. Maezawa N, Yano A, Taniguchi M, Kojima S. The role of cytotoxic T
lymphocytes in the pathogenesis of vogt-Koyanagi-Harada disease.
Ophthalmologica (1982) 185(3):179-86. doi: 10.1159/000309240

29. Liang L, Peng X-Y, Wang H. Th Lymphocyte subsets in patients with vogt-
Koyanagi-Harada disease. Int ] Ophthalmol (2019) 12(2):207-11. doi: 10.18240/
1j0.2019.02.04

30. Chi W, Yang P, Li B, Wu C, Jin H, Zhu X, et al. IL-23 promotes CD4+ T cells
to produce IL-17 in vogt-Koyanagi-Harada disease. J Allergy Clin Immunol (2007)
119(5):1218-24. doi: 10.1016/j.jaci.2007.01.010

31. Wang C, Tian Y, Lei B, Xiao X, Ye Z, Li F, et al. Decreased IL-27
expression in association with an increased Th17 response in vogt-Koyanagi-
Harada disease. Invest Ophthalmol Vis Sci (2012) 53(8):4668-75. doi: 10.1167/
iovs.12-9863

32. Sakamoto T, Murata T, Inomata H. Class II major histocompatibility
complex on melanocytes of vogt-Koyanagi-Harada disease. Arch Ophthalmol
(1991) 109(9):1270-4. doi: 10.1001/archopht.1991.01080090096030

33. Yanaba K, Bouaziz JD, Matsushita T, Magro CM, St Clair EW, Tedder TF.
B-lymphocyte contributions to human autoimmune disease. Immunol Rev (2008)
223:284-99. doi: 10.1111/j.1600-065X.2008.00646.x

34. Inomata H, Sakamoto T. Immunohistochemical studies of vogt-Koyanagi-
Harada disease with sunset sky fundus. Curr Eye Res (1990) 9(supl):35-40.
doi: 10.3109/02713689008999417

35. Sasamoto Y, Ohno S, Matsuda H. Studies on corticosteroid therapy in vogt-
Koyanagi-Harada disease. Ophthalmologica (1990) 201(3):162-7. doi: 10.1159/
000310145

36. Sloka J, Stefanelli M. The mechanism of action of methylprednisolone in the
treatment of multiple sclerosis. Mult Scler (2005) 11(4):425-32. doi: 10.1191/
1352458505ms11900a

37. Cain DW, Cidlowski JA. Immune regulation by glucocorticoids. Nat Rev
Immunol (2017) 17(4):233-47. doi: 10.1038/nri.2017.1

38. Mathews D, Mathews J, Jones NP. Low-dose cyclosporine treatment for
sight-threatening uveitis: Efficacy, toxicity, and tolerance. Indian ] Ophthalmol
(2010) 58(1):55-8. doi: 10.4103/0301-4738.58472

39. Zhou P, Yang X-L, Wang X-G, Hu B, Zhang L, Zhang W, et al. A
pneumonia outbreak associated with a new coronavirus of probable bat origin.
Nature (2020) 579(7798):270-3. doi: 10.1038/s41586-020-2012-7

40. de Wit E, van Doremalen N, Falzarano D, Munster V]. SARS and MERS:
Recent insights into emerging coronaviruses. Nat Rev Microbiol (2016) 14(8):523-
34. doi: 10.1038/nrmicro.2016.81

41. Dai L, Gao GF. Viral targets for vaccines against COVID-19. Nat Rev
Immunol (2021) 21(2):73-82. doi: 10.1038/s41577-020-00480-0

42. LiuY, Sawalha AH, Lu Q. COVID-19 and autoimmune diseases. Curr Opin
Rheumatol (2021) 33(2):155-62. doi: 10.1097/BOR.0000000000000776

43. Li F, Yang P, Liu X, Wang C, Hou S, Kijlstra A. Upregulation of interleukin
21 and promotion of interleukin 17 production in chronic or recurrent vogt-
Koyanagi-Harada disease. Arch Ophthalmol (2010) 128(11):1449-54. doi: 10.1001/
archophthalmol.2010.265

44. Sugita S, Takase H, Kawaguchi T, Taguchi C, Mochizuki M. Cross-reaction
between tyrosinase peptides and cytomegalovirus antigen by T cells from patients
with vogt-Koyanagi-Harada disease. Int Ophthalmol (2007) 27(2-3):87-95.
doi: 10.1007/s10792-006-9020-y

frontiersin.org


https://doi.org/10.1186/s40942-021-00319-3
https://doi.org/10.1186/s40942-021-00319-3
https://doi.org/10.1080/09273948.2021.1974492
https://doi.org/10.1016/j.ajo.2005.03.057
https://doi.org/10.1016/s0002-9394(01)00925-4
https://doi.org/10.1038/clpt.1981.154
https://doi.org/10.1186/1869-5760-3-43
https://doi.org/10.3389/fimmu.2021.659150
https://doi.org/10.1002/cyto.b.21858
https://doi.org/ 10.1182/blood.V130.Suppl_1.4818.4818
https://doi.org/10.3389/fimmu.2021
https://doi.org/10.1038/s41586-021-03791-x
https://doi.org/10.1097/ICU.0000000000000206
https://doi.org/10.1076/ocii.10.4.263.15592
https://doi.org/10.1167/iovs.04-1273
https://doi.org/10.1038/srep06887
https://doi.org/10.1159/000309240
https://doi.org/10.18240/ijo.2019.02.04
https://doi.org/10.18240/ijo.2019.02.04
https://doi.org/10.1016/j.jaci.2007.01.010
https://doi.org/10.1167/iovs.12-9863
https://doi.org/10.1167/iovs.12-9863
https://doi.org/10.1001/archopht.1991.01080090096030
https://doi.org/10.1111/j.1600-065X.2008.00646.x
https://doi.org/10.3109/02713689008999417
https://doi.org/10.1159/000310145
https://doi.org/10.1159/000310145
https://doi.org/10.1191/1352458505ms1190oa
https://doi.org/10.1191/1352458505ms1190oa
https://doi.org/10.1038/nri.2017.1
https://doi.org/10.4103/0301-4738.58472
https://doi.org/10.1038/s41586-020-2012-7
https://doi.org/10.1038/nrmicro.2016.81
https://doi.org/10.1038/s41577-020-00480-0
https://doi.org/10.1097/BOR.0000000000000776
https://doi.org/10.1001/archophthalmol.2010.265
https://doi.org/10.1001/archophthalmol.2010.265
https://doi.org/10.1007/s10792-006-9020-y
https://doi.org/10.3389/fimmu.2022.967972
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Case report: Bilateral panuveitis resembling Vogt-Koyanagi-Harada disease after second dose of BNT162b2 mRNA COVID-19 vaccine
	Introduction
	Case report
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


