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Abstract

Background: Injections of lipopolysaccharide in animal models generate acute anterior uveitis (also known as
endotoxin-induced uveitis), but the effects of lipopolysaccharide injection are unknown in humans. We describe an
unusual case in which acute anterior uveitis was dramatically activated subsequent to botulinum toxin injection in a
patient with Behcet’s disease but the acute anterior uveitis was satisfactorily attenuated by infliximab.

Case presentation: A 53-year-old Japanese man had normal ocular findings at his regularly scheduled
appointment. He had been diagnosed as having incomplete-type Behcet's disease 11 years before. Three years after
the diagnosis he was given systemic infusions of 5 mg/kg infliximab every 8 weeks and he had not experienced a
uveitis attack for 8 years with no treatment other than infliximab. Two days after the eye examination, he received
intracutaneous botulinum toxin injections to treat axillary hyperhidrosis on both sides. Three hours after the
injections, he noted rapidly increasing floaters in his right eye. Four days after the injections, his right eye showed
severe acute anterior uveitis with deteriorated aqueous flare and anterior vitreous opacity. He received his
scheduled infliximab injection, and the right acute anterior uveitis immediately attenuated.

Conclusions: Botulinum toxin may have clinical effects similar to those of lipopolysaccharide in endotoxin-induced
uveitis models. To the best of our knowledge, this is the first report to suggest that botulinum toxin may trigger
acute anterior uveitis, although the precise mechanism is still unclear.
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Background

In animal models, systemic and local injection of lipopoly-
saccharide (LPS) induces acute anterior uveitis (AAU),
which is also known as endotoxin-induced uveitis (EIU).
LPS directly affects the production of inflammatory medi-
ators by cells in the anterior uvea, leading to EIU [1]. The
inflammation associated with EIU is characterized by an
acute breakdown of the blood—aqueous barrier (BAB)
within 3 hours after LPS injection and the subsequent de-
velopment of clinical disease [2].

LPSs are large molecules consisting of a lipid and a
polysaccharide that includes O-antigen. They are found
in the outer membrane of Gram-negative bacteria, impli-
cating these bacteria in AAU pathogenesis. Kufoy et al.
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demonstrated that infection with Gram-positive bacteria
might also cause uveitis, since rabbit and rat eyes are sus-
ceptible to muramyl dipeptide, which is found in the cells
walls of both Gram-positive and Gram-negative bacteria
[3]. Thus, it is possible that botulinum toxin, a neurotoxic
protein produced by the Gram-positive anaerobic bacter-
ium Clostridium botulinum, might also induce EIU.

EIU induced by LPS injection is characterized by in-
creased expression of tumor necrosis factor alpha (TNF-a).
TNF-a messenger ribonucleic acid (mRNA) peaks
3 hours after LPS injection [4]. Anti-TNF-a treatment
attenuates LPS-induced EIU in animal models. Specific-
ally, it reduced LPS-induced increases in leukocyte rolling,
adhesion, and vascular leakage in a rat model of inflam-
matory uveitis [5]. These findings suggest that TNF-« is
critically involved in the pathogenesis of EIU. Thus, anti-
TNEF-a therapy is an effective means of abrogating LPS-
induced EIU in animal models.
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Of interest, LPS induces excessive TNF-a-production
by cells from patients with Behget’s disease (BD). LPS-
stimulated production of TNF-a is significantly in-
creased in peripheral blood monocytes from patients
with BD [6].

Recently, we saw a patient with BD who underwent
subcutaneous injections of botulinum toxin to treat axil-
lary hyperhidrosis. Shortly after, he developed AAU. This
patient had been stable, with his BD under control for
8 years; during this time, he had undergone regularly
scheduled infliximab treatment. When he underwent his
next scheduled infliximab treatment after the event, the
AAU improved to almost normal levels. To the best of
our knowledge, this is the first report to describe an EIU-
like condition associated with botulinum toxin injection
and effective attenuation by infliximab in a patient with
BD.

Case presentation

A 53-year-old Japanese man visited our hospital for a
scheduled follow-up examination for uveitis due to BD.
His best corrected visual acuity (BCVA) was 20/16 in
both eyes. Intraocular pressure was 15 and 11 mmHg in
his right eye and left eye, respectively. Slit lamp biomi-
croscopy with Goldmann three-mirror examination did
not reveal active uveitis in either eye. Vitreous haze was
graded as trace [7]. Anterior chamber flare was evaluated
based on the aqueous flare value measured with the Kowa
FM-600° laser flare meter (Kowa Medicals, Nagoya, Japan)
in photon counts per millisecond. Aqueous flare values
measured with laser flare meter (LFs) were 12.6 and 7.6
photon counts per millisecond in his right eye and left
eye, respectively; both were expected to be within normal
range. An ultra-widefield (UWF™) high-resolution digital
image (optomap®) was obtained with a Daytona imager
(Optos, Scotland); no active uveitis lesions or vitreous
opacity were detected (Fig. 1). Spectral domain optical co-
herence tomography (SDOCT; RS-3000, Nidek Co., Ltd,
Aichi, Japan) was used to analyze the macular lesion; no
macular edema was observed.

He had been diagnosed as having incomplete-type BD
11 years before. He was adequately treated with systemic
corticosteroid and colchicine accompanied by occasional
topical corticosteroids and mydriatics. Because his right
visual function was disturbed by a preretinal membrane
combined with vitreous opacity and secondary cataract
in his right eye as a consequence of repeated bouts of
severe uveitis, he underwent vitrectomy with inner lim-
iting membrane peeling and phacoemulsification with
intraocular implantation 2 years and 4 years after the
diagnosis, respectively. Three years after the diagnosis
he was given a systemic infusion of 5 mg/kg infliximab
(Remicade®; Mitsubishi Tanabe Pharma Corporation,
Osaka, Japan) every 8 weeks with no recurrence of
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uveitis attacks. He received no other treatments for BD
besides the infliximab. He stated that his left eye had
once shown mild intermediate to posterior uveitis, but
that he had been completely stable since the commence-
ment of systemic infliximab treatment.

Four days after the scheduled follow-up examination,
he returned to our hospital to receive his regularly
scheduled systemic infusion of infliximab. At the visit,
he complained of blurred vision in his right eye. BCVA
was 20/25 and 20/16 in his right eye and left eye, re-
spectively. Intraocular pressure was 17 and 11 mmHg in
his right eye and left eye, respectively. LF was 72.0 and
6.2 in his right eye and left eye, respectively. Slit lamp
biomicroscopy with Goldmann three-mirror examination
revealed severe AAU and deteriorated aqueous flare in the
anterior chamber, with anterior vitreous opacity that was
shown by the silhouette against the retina in his right
eye (Fig. 1). Vitreous haze was graded as 2+. We did
not observe any abnormal changes in his left eye (data
not shown). SDOCT resulted in a cloudy image due to
marked vitreous opacity, but we did not detect macular
edema (Fig. 1).

He stated that 2 days prior he had received botulinum
toxin (BOTOX?", botulinum toxin type A; GlaxoSmithKline
KK, Tokyo, Japan) 50 unit intracutaneous injections on
both sides to treat axillary hyperhidrosis. Three hours after
the injections, he noted severely increasing floaters and
pain in his right eye. After he received the scheduled inflix-
imab injection, however, he stated that the floaters and
ocular pain in his right eye improved within a day. The se-
vere vitreous opacity had attenuated considerably 1 month
after the infliximab injection (Fig. 1). BCVA was 20/16 in
both eyes. Intraocular pressure was 10 and 9 mmHg in his
right eye and left eye, respectively. LF was 31.1 and 26.3 in
his right eye and left eye, respectively. Vitreous haze was
graded as trace. Finally, LF was 15.2 and 14.6 in his right
eye and left eye 3 months after the infliximab injection,
respectively.

After this event, he explained he had once received
botulinum toxin injections in the same way last year. He
received the scheduled infliximab injection 2 weeks prior.
He felt no abnormality in both eyes, and a scheduled
follow-up examination did not reveal active uveitis on that
occasion.

Discussion

In the present case, distinct botulinum toxin-induced
AAU occurred only in the patient’s right eye. His left eye
appeared to be normal except for a mild increase in LF
1 month after the AAU. Unlike his right eye, the patient’s
left eye had not been severely damaged by uveitis associ-
ated with BD. This suggests that the botulinum toxin-
induced AAU that occurred in the patient’s right eye may
have been facilitated by a persistent disorder of the BAB
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Before botulinum toxin
injections

Four days after botulinum-toxin
injections

LF:

One month” after infliximab
injection

Fig. 1 Ultra-widefield, high-resolution digital images, spectral domain
optical coherence tomography (vertical section), and average agueous
flare values measured with laser flare meters for right eye. Before the
botulinum toxin injections, the patient’s ocular condition was stable
with no active uveitis at a routinely scheduled eye examination. Vitreous
haze was graded as trace [7]. Two days later, he received botulinum
toxin injections to treat axillary hyperhidrosis. Four days after botulinum
toxin injections his right eye showed severe anterior vitreous opacity
that was silhouetted against the retina, with elevated aqueous flare in
anterior chamber. Vitreous haze was graded as 2+. No abnormal change
was found in the retina. He received his regularly scheduled infliximab
injection on the same day. One month after infliximab injection the
right acute uveitis had attenuated considerably. Vitreous haze was
graded as trace. Spectral domain optical coherence tomography did
not detect macular edema after the acute uveitis, but severe vitreous
opacity was clearly indicated by the cloudy image obtained 4 days after
botulinum toxin injections. All the whitish lesions in the digital images
are artifacts. LF aqueous flare value measured with laser flare meter in
photon counts per millisecond (pc/ms)

as a consequence of BD and thus his left eye remained un-
affected. Clinicians should consider the possibility that
botulinum toxin could trigger AAU in eyes with damaged
BABs as a consequence of lasting uveitis.

A high serum concentration of infliximab is expected
to be maintained for a short period after infliximab ad-
ministration, and it may be safer in terms of preventing
uveitis in patients with BD. In the present event, our pa-
tient had received botulinum toxin injections more than
7 weeks after the last systemic infusion of infliximab. On
the previous occasion, he fortunately received botulinum
toxin injections just 2 weeks after infliximab administra-
tion, and thus we speculate he did not experience botu-
linum toxin-induced uveitis.

Konstantopoulou et al. evaluated the clinical grading of
aqueous flare in uveitis according to the Standardization
of Uveitis Nomenclature consensus, and compared the re-
sults with the readings of a laser flare meter (using the
same laser flare meter system as we used in the present
study) [8]. They reported that eyes graded as anterior
chamber flare +2 had a median LF of 41.4 pc/ms, those
graded as flare +1 had a median value of 18.4 pc/ms, and
those graded as flare 0 had a median value of 9.9 pc/ms.
According to these standards, 12.6 and 7.6 in the right eye
and left eye, respectively, the aqueous flare values shown
before the AAU, were equivalent to flare 0 although it
may include individual variations, as described previously
[8]. However, 72.0 in the right eye after the AAU was
clearly abnormal and graded as anterior chamber flare
more than +2.

Toll-like receptors (TLRs) are expressed in the uvea,
macrophages, and peripheral blood monocytes. TLR4 is
the primary signaling receptor for LPS-specific recognition
and cellular activation [9]. Resident antigen-presenting
cells in normal human uvea express TLR4 and its associ-
ated LPS receptor complex [10]. Chen et al. demonstrated
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that TLR4 expression increases in the iris and in macro-
phages in the iris tissue during EIU [11]. Primary cultures
of human iris pigment epithelium cells express a functional
LPS receptor complex and can promote ocular inflam-
mation through secretion of several proinflammatory
cytokines [12].

Conclusions

We report an unusual case in which subcutaneous injec-
tions of botulinum toxin to treat axillary hyperhidrosis
appeared to trigger AAU in a patient with BD even
though he had not experienced a uveitis attack since
starting periodic infliximab treatment 8 years ago. He re-
ceived his regularly scheduled infliximab injection 2 days
later, and the AAU resolved quickly with near-normal
opacity, intraocular pressure, and LF a month later. Based
on this temporal progress of uveitis, we concluded the
AAU was not a simple relapse of BD but was induced by
botulinum toxin injection, which was attenuated by inflixi-
mab, although the precise mechanism is still unclear. To
the best of our knowledge, this is the first report of the
triggering of AAU by botulinum toxin and effective at-
tenuation of AAU by infliximab in a patient with BD.

Abbreviations

AAU: Acute anterior uveitis; BAB: Blood-aqueous barrier; BCVA: Best corrected
visual acuity; BD: Behget's disease; EIU: Endotoxin-induced uveitis; LF: Aqueous
flare value measured with laser flare meter; LPS: Lipopolysaccharide;

mRNA: messenger ribonucleic acid; SDOCT: Spectral domain optical coherence
tomography; TLR: Toll-like receptor; TNF-a: Tumor necrosis factor alpha

Acknowledgements
None.

Funding
No funding was received for this manuscript.

Authors’ contributions

MZ evaluated the data, performed a literature review, and drafted the manuscript.
HS managed the case and revised the manuscript critically. SY and HO collected
the data. All authors read and approved the final manuscript.

Competing interests

The authors declare that they have no competing interests. The authors have
no conflict of interest or disclosure related to this manuscript. This case report
has not been published and is not under consideration for publication
elsewhere.

Consent for publication

Written informed consent was obtained from the patient for publication of
this case report and any accompanying images. A copy of the written consent
is available for review by the Editor-in-chief of this journal.

Ethics approval and consent to participate

The study protocol was in accordance with the tenets of the Declaration of
Helsinki. The institutional review board of Asai Hospital also granted approval
(reference number: ASAI20160801), and the clinical trial registration number
is UMINO00023887.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 4 of 4

Author details

'Department of Ophthalmology, Aichi Medical University, Nagakute, Aichi,
Japan. “Department of Ophthalmology, Asai Hospital, 178-1 Yakata-cho, Seto,
Aichi 489-0866, Japan.

Received: 20 December 2016 Accepted: 9 April 2017
Published online: 04 May 2017

References

1. Helbig H, Kittredge KL, Gurley RC, Thurau SR, Palestine AG, Nussenblatt RB.
Endotoxin-induced production of inflammatory mediators by cultured
ciliary epithelial cells. Curr Eye Res. 1990,9:501-5.

2. Cousins SW, Guss RB, Howes Jr EL, Rosenbaum JT. Endotoxin-induced
uveitis in the rat: observations on altered vascular permeability, clinical
findings, and histology. Exp Eye Res. 1984,39:665-76.

3. Kufoy EA, Fox K, Fox A, Parks C, Pakalnis VA. Modulation of the blood-aqueous
barrier by gram positive and gram negative bacterial cell wall components in
the rat and rabbit. Exp Eye Res. 1990;50:189-95.

4. Yoshida M, Yoshimura N, Hangai M, Tanihara H, Honda Y. Interleukin-1
alpha, interleukin-1 beta, and tumor necrosis factor gene expression in
endotoxin-induced uveitis. Invest Ophthalmol Vis Sci. 1994,35:1107-13.

5. Koizumi K, Poulaki V, Doehmen S, Welsandt G, Radetzky S, Lappas A, Kociok N,
Kirchhof B, Joussen AM. Contribution of TNF-alpha to leukocyte adhesion,
vascular leakage, and apoptotic cell death in endotoxin-induced uveitis in vivo.
Invest Ophthalmol Vis Sci. 2003;44:2184-91.

6. Mege JL, Dilsen N, Sanguedolce V, Gul A, Bongrand P, Roux H, Ocal L, Inang M,
Capo C. Overproduction of monocyte derived tumor necrosis factor alpha,
interleukin (IL) 6, IL-8 and increased neutrophil superoxide generation in
Behget's disease. A comparative study with familial Mediterranean fever and
healthy subjects. J Rheumatol. 1993;20:1544-9.

7. Nussenblatt RB, Palestine AG, Chan CC, Roberge F. Standardization of vitreal
inflammatory activity in intermediate and posterior uveitis. Ophthalmology.
1985,92:467-71.

8. Konstantopoulou K, Del'Omo R, Morley AM, Karagiannis D, Bunce C, Pavesio C.
A comparative study between clinical grading of anterior chamber flare and
flare reading using the Kowa laser flare meter. Int Ophthalmol. 2015;35:629-33.

9. Poltorak A, He X, Smirnova |, Liu MY, Van Huffel C, Du X, Birdwell D, Alejos E,
Silva M, Galanos C, Freudenberg M, Ricciardi-Castagnoli P, Layton B, Beutler B.
Defective LPS signaling in C3H/HeJ and C57BL/10ScCr mice: mutations in Tlr4
gene. Science. 1998;,282:2085-8.

10.  Chang JH, McCluskey P, Wakefield D. Expression of toll-like receptor 4 and
its associated lipopolysaccharide receptor complex by resident antigen-
presenting cells in the human uvea. Invest Ophthalmol Vis Sci. 2004;45:1871-8.

11. Chen W, Hu X, Zhao L, Li S, Lu H. Expression of toll-like receptor 4 in
uvea-resident tissue macrophages during endotoxin-induced uveitis. Mol Vis.
2009;15:619-28.

12. Chui JJ, Li MW, Di Girolamo N, Chang JH, McCluskey PJ, Wakefield D. Iris
pigment epithelial cells express a functional lipopolysaccharide receptor
complex. Invest Ophthalmol Vis Sci. 2010;51:2558-67.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central




	Abstract
	Background
	Case presentation
	Conclusions

	Background
	Case presentation
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

