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Abstract

Purpose: To evaluate the effects of different drug-delivery techniques for levofloxacin (LVFX) in ocular
penetration and the prevention of endophthalmitis using an aphakic rabbit model with posterior capsule rupture
(PCR).

Methods: LVFX was administered to aphakic rabbit eyes with or without PCR using eye drops (EDs), sub-
conjunctival injection (SCI), or intracameral (IC) injection. The concentration of the drug in the vitreous and
aqueous humors was estimated at 2h after injection. In another study, aphakic rabbit eyes with PCR were
inoculated with Enterococcus faecalis, immediately followed by 0.5% LVFX ED, 0.5% moxifloxacin (MFLX)
ED, LVEX IC (500 pg/0.1 mL), or IC saline. EDs were administered O, 3, and 6h after surgery. Changes
on electroretinography (ERG) and intraocular bacterial growth were determined sequentially until 48 h after
inoculation.

Results: The concentrations of LVFX at 2h after IC were higher in the aqueous humor and the vitreous cavity
of eyes with or without PCR, compared with EDs or SCI. Eyes treated with LVEX ED, MFLX ED, or IC saline
showed a significantly greater reduction in b-wave amplitude on ERG at 48 h compared with eyes treated with
LVEX IC. The number of bacteria recovered from the vitreous humor in eyes treated with IC LVFX at 48 h was
significantly less than from eyes that received other treatments.

Conclusion: The LVFX IC was effective at suppressing endophthalmitis caused by E. faecalis in eyes with a
PCR.

Introduction

B ACTERIAL ENDOPHTHALMITIS is one of the most severe
and sight-threatening complications of cataract surgery.
The incidence of postoperative endophthalmitis has decreased
(from 0.20% to 0.04%),* mainly because of the introduction
of new surgical techniques.> However, an invariably sight-
threatening infection is often resolved with substantial visual
loss, and prophylaxis for endophthalmitis should be consid-
ered, given its pathogenesis. The external bacterial flora
probably enters the anterior chamber through the surgical
wound; in fact, contamination of the anterior chamber at the
end of surgery has been noted in as many as 5.7%-21.1% of
cases.*” Moreover, bacterial migration from the anterior

chamber to the posterior chamber is a key event in the pro-
gression of postoperative endophthalmitis; in the posterior
segment, severe retinal damages may result. Rupture of the
posterior capsule during surgery leads to a significantly higher
incidence of postoperative endophthalmitis®” because aqueous
humor contaminants can readily access the vitreous cavity.
Several procedures have been attempted to reduce bacterial
contamination of the eye and to prevent endophthalmitis.'®
Some reports have shown that intracameral (IC) antibiotics
are effective in the prevention of endophthalmitis.''"'* Along
with IC antibiotics, antibiotic eye drops (EDs) may be used
to prevent endophthalmitis. Generally, topical antibiotics
are administered immediately after surgery and on the fol-
lowing day as postoperative prophylaxis for endophthalmitis.

"Department of Ophthalmology, Ehime University School of Medicine, Ehime, Japan.
Department of Ophthalmology, Ehime Prefectural Central Hospital, Ehime, Japan.
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Wallin et al."® reported that starting topical antibiotic admin-
istration on the day after surgery rather than on the day of
surgery was associated with an increased risk of en-
dophthalmitis. These results suggest that bacteria proliferate
and express virulence factors as early as 1 day after surgery.
Indeed, we previously reported that immediate postoperative
prophylaxis using a moxifloxacin (MFLX) ophthalmic solu-
tion reduced the risk of Enterococcus faecalis-caused en-
dophthalmitis in a rabbit model."* Further, Colleaux and
Hamilton'® demonstrated that prophylactic subconjunctival
antibiotic injections at the conclusion of cataract surgery de-
creased the incidence of postoperative endophthalmitis.

Thus, antibiotic administration at the end of cataract
surgery could be effective for the prevention of en-
dophthalmitis. However, little is known about the efficacy of
antibiotics in eyes with posterior capsule rupture (PCR),
which is a major risk factor for endophthalmitis. Moreover,
the penetration of antibiotics using different drug-delivery
techniques into the anterior or posterior segment of eyes
with or without a ruptured posterior capsule has not been
well documented.

This study was designed to investigate the pharmacoki-
netics of levofloxacin (LVFX) in the anterior chamber or
vitreous cavity after the use of various drug-delivery tech-
niques and the efficacy of antibiotics for the prophylaxis of
postoperative endophthalmitis in eyes with PCR.

Materials and Methods
Antibiotics and bacteria

A 0.5% LVEX ophthalmic solution (Cravit; Santen
Pharmaceutical, Co., Ltd., Osaka, Japan) and 0.5% MFLX
ophthalmic solution (Vigamox; Alcon Japan Ltd., Tokyo,
Japan) were purchased from their respective manufacturers.
The laboratory strain of E. faecalis OG1S, which produces a
secretory protease, was used.'® The minimum inhibitory
concentrations (MICs) of LVFX and MFLX against OG1S
were 2.0 and 0.5 pg/mL, respectively. The bacteria were
grown in brain heart infusion (Difco Laboratories, Detroit,
MI) broth for 18h at 37°C and then washed twice with
sterile physiological saline and resuspended in sterile
physiological saline. The concentration of bacteria in the
suspension was determined spectrophotometrically and then
adjusted to ~2X 10° colony-forming units/mL (CFU/mL)
with sterile physiological saline.

Animals

Female Japanese albino rabbits, weighing 2 kg each (Ki-
tayama Labes Co. Ltd., Nagano, Japan), were maintained in
accordance with Institutional Animal Care and Use Com-
mittee guidelines and the Association for Research in Vision
and Ophthalmology Statement for the Use of Laboratory
Animals in Ophthalmic and Vision Research. All procedures
involving rabbits were approved by the Committee of Ani-
mal Experimentation, Ehime University School of Medicine
(Matsuyama, Japan).

The rabbits were anesthetized with an intramuscular in-
jection of an equal mixture of 5% ketamine (Ketalar intra-
muscular, 500 mg; Sankyo Co., Ltd., Tokyo, Japan) and 2%
xylazine (Selactar; Bayer Ltd., Tokyo, Japan) at 1 mL/kg for
all procedures. The rabbits were euthanized with an over-
dose of pentobarbital sodium.

UDA ET AL.

Lensectomy

A lensectomy was performed on both eyes as described
previously.]6 A clear corneal incision was performed, and
the lens was extracted with a Phacompo Phacoemulsificator
(Santen Pharmaceutical Co., Ltd.) using balanced salt so-
lution (BSS plus; Alcon, Fort Worth, TX) for irrigation, and
the incision was sutured with 10-0 nylon. Intentional rupture
of the lens capsule was made in some cases using phaco tips.

Intraocular penetration of LVFX

After lensectomy with or without intentional rupture of
the posterior capsule, a single dose of 0.5% LVEFX oph-
thalmic solution was administered as ED (50 puL), a sub-
conjunctival injection (SCI; 100uL), or an IC injection
(100 pL). The pharmacokinetics of LVEX were then in-
vestigated. The eyes (n=5 per group) were enucleated 0 or
2h after the lensectomy. The aqueous humor was collected
with a 23-gauge needle. The eyeball was rinsed in sterile
saline, immediately dipped in liquid nitrogen, and frozen.
The regions from the corneal limbus to the posterior seg-
ment of the frozen eyes were dissected and separated into 3
equal parts using a razor. After dissection, only the vitreous
humor was collected to avoid contamination with other
tissues, weighed, and stored at —80°C. The concentrations
of LVFX in the aqueous and vitreous humors were deter-
mined by high-performance liquid chromatography (HPLC).
Briefly, for the assay of LVEX, internal standard (lome-
floxacin) and 0.2% acetic acid solution were added to the
sample, and the mixture was extracted by solid-phase ex-
traction (Oasis MAX; Waters Corporation, Milford, MA).
The extract was injected into an HPLC system equipped
with an analytical column (ACQUITY UPLC BEH Phenyl
1.7 pm, 100x2.1mm i.d.; Waters Corporation) and the
fluorescence intensity of LVFX was detected. The concen-
trations in the aqueous humor (pg/mL) and vitreous humor
(ng/g) were calculated using a calibration curve.

Prevention of experimental E. faecalis-induced
endophthalmitis

After lensectomy with intentional rupture of the posterior
capsule, 0.1 mL of OGIS strain was inoculated into the anterior
chamber using a blunt needle on a 1-mL tuberculin syringe. The
rabbits were then divided into 4 groups and treated with 0.5%
LVFX ED, 0.5% MFLX ED, IC LVEX, or IC saline. In the
LVFX or MFLX ED group, 0.5% LVFX or 0.5% MFLX ED
(50 uL) was administered 0, 3, and 6h after surgery. The IC
injection of 0.5% LVFX or saline (100 pL) was performed at the
end of surgery in the JC LVFX and saline groups, respectively.
The course of infection in the eyes of each group was monitored
using clinical scores, electroretinography (ERG), and the quan-
tification of bacteria recovered from samples collected as de-
scribed previously.'® Animals in which the study drug was not
administered correctly or a sample was not collected accurately
were excluded from the analysis.

Statistical analysis

Differences between the 2 groups were analyzed using
Student’s #-test. The Tukey~Kramer test was used for mul-
tiple comparisons. A P value of <0.05 was considered to
indicate statistical significance.
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Results
Intraocular penetration of LVFX

The concentrations of LVFX 2h after the application of ED
or SCI were measured and compared. In the aqueous humor of
eyes treated with ED, the concentration of LVFX in the eyes
without capsule rupture was higher than in the eyes with
capsule rupture, although the difference was not statistically
significant (P=0.18; Fig. 1). LVFX in the SCI group could
similarly penetrate to the aqueous humor in eyes with or
without capsule rupture (P=0.87; Fig. 1). The LVFX con-
centration in the ED group was significantly higher in the
aqueous humor in eyes without capsule rupture than in the SCI
group (P<0.05; Fig. 1). The LVFX concentration in the ED
group, but not in the SCI group, could exceed the MIC against
OGI1S. In each part of the vitreous body, the LVFX concen-
tration in the SCI group was significantly higher in eyes with
or without PCR than in the ED group, except in the posterior
vitreous (Fig. 1). No difference in LVFX concentration was
found in eyes with and without rupture in the ED or SCI group
(Fig. 1). However, the LVFX concentration in neither the ED
nor the SCI group reached the MIC against OG1S in the
vitreous.
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Next, we examined LVFX penetration in eyes treated
with an IC injection of LVFX. In the aqueous humor, the
LVEX concentration in eyes with or without capsule rupture
was decreased from 0 to 2h (P<0.05; Fig. 2). In each part
of the vitreous, the LVFX concentration in eyes with rupture
was higher than in eyes without rupture, although the dif-
ferences were not statistically significant. The vitreous
sustained high LVFX concentrations that greatly exceeded
the MIC of OG1S for 2h.

Prevention of endophthalmitis

The eyes were examined at the designated times to
assess their intraocular inflammation scores (Fig. 3). The
mean scores in the IC LVFX group were significantly
lower than those in the IC saline group at 12, 24, and
48h (12h: P<0.05; 24 and 48h: P<0.001). There were
significant differences in the intraocular inflammation
scores between the IC LVFX group and ED group
(LVFX and MFLX) at 48h (P<0.001). The intraocular
inflammation score in the MFLX ED group at 24h was
also significantly lower than that in the IC saline group
(P<0.001).

Anterior vitreous
Wi

3350

%K {

300 ;

206

150

100

Concentration (ng/g)

50 : i

rap¥

pe | |
sC1

Posterior vitreous

150 ¥

160 !'

w

rupt

Concentration (ng/g)

50 -

§
g
SC1

rup- %)

ED

Concentrations of LVFX in the aqueous and trisected vitreous (mean =+ standard deviation, n=>5) at 2h after a single

instillation of ED or SCL *P <0.05 **P <(.01. ED, eye drop; SCI, subconjunctival injection; rup, rupture. —, minus; +, positive.

_23_



336 UDA ET AL.
Aqueous humor Anterior vitreous
1800 ; wx 180
1600~ ey 160
1400 140
# R
Posert 1
E 1200 g /\& 120
& 10004— ? E 10
= g
£ 800 £ 80
£ £ f
§ 600 -+ § 60 %
=
G 400 - {3 40 A
rup- rup+ rup- | rup+ rup- rup# rap~ rup+ g
oh 2h Oh 2h '
Equatorial vitreous Posterior vitreous
180 180
160 160
140 140 -
* %
5 120 3 120
£ 10 £ 100
g g
2 Z
B0 b £ 60
2
g 40 - 40
20 ; 20
i
0 . . 0 | mm R
p- Tup+ Tup- ! rup+ rup- rup+ Tup- rupt
Oh 2h Oh 2h
FIG. 2. Concentrations of LVFX in the aqueous and trisected vitreous (mean + standard deviation, n=>5) at O and 2 h after
a single IC injection. **P <0.01. IC, intracameral. —, minus; +, positive.
The retinal responsiveness of eyes infected with E. fae-
~~iCsaline  calis was determined by ERG (Fig. 4). Retinal function from
S5 icvix 24 to 48h was significantly greater in the IC LVEX group
oD LYFX than in the IC saline (24 h: P<0.05; 48 h: P<0.001), LVFX
4 ED (24h: P<0.01; 48h: P<0.001), and MFLX ED (48h:
. WEDMAX P <(0.001) groups, except in comparison to the MFLX ED
g group at 24 h. There was no significant difference in retinal
23k responsiveness between the IC saline and ED groups (LVFX
£ and MFLX) from 24 to 48h.
£ 21 There was no significant difference in viable bacteria re-
§ covered from the anterior chamber among the 4 groups. In the
£ vitreous, bacterial growth in the IC LVFX group (5.1+1.1
1 log;o CFU/mL) was significantly reduced compared with that
in the IC saline (8.3+0.5 log;o CFU/mL; P<0.001), LVEX
o ED (8.7£0.9 log;y CFU/mL; P<0.001), and MFLX ED
' (8.91+0.7 logjo CFU/mL; P<0.001) groups (Fig. 5).
Time after surgery {h} i ;
Discussion
FIG. 3. Intraocular inflammation scores at the specified

times after surgery and the induction of Enterococcus fae-
calis endophthalmitis. The data are the means+ standard
deviations (n=7-9). *P<0.05; **P<0.001. MLFX, moxi-
floxacin; LVFX, levofloxacin.

Postoperative endophthalmitis is a severe complication of
cataract surgery; however, it may be effectively prevented
using antibiotics. Immediate postoperative antibiotic ad-
ministration is essential to improve bacterial killing and
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dophthalmitis. The data are the means *standard deviations
(n=7-9). *P<0.05; **P<0.01; ***P<0.001.

prevent infection by blocking the rapid penetration of patho-
gens from the anterior chamber to the vitreous. Rupture of the
posterior capsule can induce bacterial translocation from the
anterior chamber to the vitreous. Some investigators have re-
ported that cataract surgery without PCR does not allow sub-
stances in the aqueous humor to move into the vitreous humor
because the posterior capsule'’~ 19 and anterior vitreous mem-
brane? form a firm barrier. Thus, ocular penetration by post-
operative antibiotics could differ between eyes with and
without PCR. Because fluoroquinolone EDs have broad
spectra of action and excellent ocular penetration, they are
widely used for the postoperative prophylaxis of en-
dophthalmitis. 2! In our study, ocular pene’uaﬁon with different
drug-delivery methods was compared using a 0.5% LVEX
ophthalmic solution, which is widely used for surgical pro-
phylaxis in Japan. This ophthalmic solution does not contain
preservatives (e.g., boric acid and benzalkonium chloride) and
the IC injection of LVFX was nontoxic in terms of the clinical
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toxicity score, corneal thickness, and cell Viability.22 Although
it is difficult to exactly compare drug penetration between ED
and SCIs because of differences in the amount of drug ad-
ministered (ED, 50 uL; SCI 100 pL), LVEX ED can penetrate
the aqueous humor more efficiently than SCI. In contrast, the
LVEX concentration following SCI in the vitreous was higher
than that following ED delivery. This confirms previous data
that show that a potential barrier to ED is diffusion through the
cornea, and subconjunctival routes could use the permeabﬂlty
of the sclera to penetrate the posterior segment 28 Although
not statistically significant, the LVFX concentration following
ED delivery in the aqueous humor of eyes with PCR was lower
than that in eyes without rupture. It is likely that the drug in the
aqueous humor of eyes with PCR diffused to the posterior
segment and therefore did not maintain a high concentration in
the aqueous humor. In contrast, drug penetration with SCI
would not be expected to be influenced by PCR because the
drug could permeate through the sclera. The concentration of
LVFX with ED or SCI at 2h after administration was much
lower than the MIC of E. faecalis (2 pg/mL). Because the 0.5%
MFLX ophthalmic solution could penetrate the anterior
chamber better than other fluoroquinolones,”™" it may pene-
trate the vitreous in eyes with rupture. In our study, the IC
injection of LVFX resulted in a high concentration of LVFX in
the aqueous humor and vitreous of eyes with or without PCR.
Although not statistically significant, LVFX could better pen-
etrate the vitreous of eyes with rupture versus those without
rupture following IC injection. This indicates that IC injection
could be effective at inhibiting the proliferation of bacteria that
translocate through the PCR to the vitreous cavity.

Previous studies have shown the efficacy of antibiotics for
preventmg endophthalmitis in animal models. Kowalski
et al.>* demonstrated that ofloxacin and MFLX were more
effective at preventing endophthalmitis than non-
fluoroquinolone antibacterial agents in phakic rabbit eyes in
which the anterior chambers were inoculated with Staphy-
lococcus aureus. The SCI of a combination of triamcinolone
and ciprofloxacin hydrochloride was useful for preventm%
endophthalmitis caused by S. aureus in phalqc rabbit eyes.
Moreover, IC MFLX was effective in preventing en-
dophthalmitis in a pha.klc rabbit model after an S. aureus
intravitreal challenge.>* However, these animal models may

Vitreous

if“””ﬂ

FIG. 5. Effects of antibi-
otics on bacterial counts in
the anterior chamber (leff)
and vitreous (right). The data
are the means = standard de-
viations (n=5-9). *P<0.001.

WLVEX  EDLWFX ED MFLX
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differ from actual postoperative endophthalmitis, where there
is an anatomical barrier between the anterior chamber and
vitreous cavity. Our model was established by inoculating
pathogens into the anterior chamber with PCR after lensect-
omy, similar to an actual endophthalmitis case, especially
those occurring after surgical complications (e.g., rupture). In
this study, E. faecalis was used to create a model of en-
dophthalmitis. Although E. faecalis israrely a causative agent
of clinical endophthalmitis, it can rapidly induce postopera-
tive endophthalmitis, often within 24 da%/s, and can cause
substantial vision loss upon infection.”>’ Indeed, patients
with E. faecalis-related endophthalmitis had the worst visual
outcome in the Endophthalmitis Vitrectomy Study.®

We found that the IC injection of LVFX significantly re-
duced inflammation scores and bacterial counts in the vitreous
humor and maintained retinal function in our aphakic rabbit
model, compared with LVFX ED, MFLX ED, and IC saline
treatment. These results indicate that the IC injection of an-
tibiotics could be effective for preventing endophthalmitis in
cataract surgery with PCR. We used E. faecalis, for which the
MICs of MFLX and LVFX are 0.5 and 2.0 pg/mL, respec-
tively. The MICs of MFLX against ocular isolates, including
staphylococci and stregtococci, were lower than those of
LVFEX and gatifloxacin. 9.40 Thus, MFLX ED could be more
effective in preventing endophthalmitis. Indeed, MFLX ED
reduced the inflammation scores significantly at 24 h com-
pared with IC saline. Because EDs were not administered
from 6h after surgery in this study, EDs could not inhibit
bacterial growth in the anterior chamber or vitreous at 24 or
48 h. However, even EDs using MFLX could be less effective
in preventing endophthalmitis in eyes with PCR because of
reduced penetration to the vitreous and the existence of drug-
resistant bacteria. We did not check the effect of IC MFLX for
preventing endophthalmitis because we would like to reduce
numbers of animal for experiment. Since IC MFLX can
penetrate not only to the aqueous humor but also the vitreous
in aphakic rabbit eyes,*" it could be effective in preventing
experimental endophthalmitis in complex phacoemulsifica-
tion surgery. Moreover Matsuura et al. demonstrated that IC
MFLX administration in clinical study decreased the risk for
endophthalmitis by 3-fold. Thus, IC MFLX could prevent
endophthalmitis in our model as well as IC LVEX.*?

The results of our study should be interpreted with care,
considering its limitations. First, this study was conducted in
a rabbit model with experimentally induced E. faecalis en-
dophthalmitis. Although this closely resembles the clinical
situation, it is not identical to it. Second, the formulations of
MFLX and LVEX used in vivo were the same as those used
in clinical practice. Thus, the effective intraocular concen-
trations in this animal model may exceed those achieved in
humans, considering the differences in eye size.

In conclusion, the results of this study indicate that the IC
injection of antibiotics is effective in preventing en-
dophthalmitis in complex phacoemulsification surgery
compared with antibiotic ED. Prospective clinical studies
are needed to confirm the potency, efficacy, and safety of IC
injections for the prevention and treatment of bacterial en-
dophthalmitis.

Acknowledgments

This study was supported, in part, by a Grant-in-Aid
for scientific research (KAKENHI) from the Japan Society

UDA ET AL.

for the Promotion of Science (KAKENHI: Grants-in-Aid for
Young Scientists B, 24791858). Technical expertise for
measurement of drug concentrations was supported by
Santen Pharmaceutical Co., Ltd.

Author Disclosure Statement

The authors have no commercial or financial interests
associated with this article.

References

1. Miller, J.J., Scott, L.U., Flynn, HW., Jr. Smiddy, W.E.,
Newton, J., and Miller, D. Acute-onset endophthalmitis
after cataract surgery (2000-2004): incidence, clinical set-
tings, and visual acuity outcomes after treatment. Am. J.
Ophthalmol. 139:983-987, 2005.

2. Oshika, T., Hatano, H., Kuwayama, Y., Ogura, Y., Ohashi,
Y., Oki, K., Uno, T., Usui, N., and Yoshitomi, F. Incidence
of endophthalmitis after cataract surgery in Japan. Acta
Ophthalmol. Scand. 85:848-851, 2007.

3. Yu, C.Q., and Ta, C.N. Prevention of postcataract en-
dophthalmitis: evidence-based medicine. Curr. Opin.
Ophthalmol. 23:19-25, 2012.

4. John, T., Sims, M., and Hoffmann, C. Intraocular bacterial
contamination during sutureless, small incision, single-port
phacoemulsification. J. Cataract Refractive Surg. 26:1786~
1791, 2000.

5. Manners, T.D., Chitkara, D.K., Marsh, P.J., and Stoddart,
M.G. Anterior chamber aspirate cultures in small incision
cataract surgery. Br. J. Ophthalmol. 79:878-880, 1995.

6. Sobaci, G., Tuncer, K., Tas, A., Ozyurt, M., Bayer, A., and
Kutlu, U. The effect of intraoperative antibiotics in irri-
gating solutions on aqueous humor contamination and en-
dophthalmitis after phacoemulsification surgery. Eur. J.
Ophthalmol. 13:773-778, 2003.

7. Tervo, T., Ljungberg, P., Kautiainen, T., Puska, P., Lehto,
I., Raivio, 1., Jarvinen, E., Kuusela, P., and Tarkkanen, A.
Prospective evaluation of external ocular microbial growth
and aqueous humor contamination during cataract surgery.
J. Cataract Refractive Surg. 25:65-71, 1999.

8. Wong, T.Y., and Chee, S.P. The epidemiology of acute
endophthalmitis after cataract surgery in an Asian popula-
tion. Ophthalmology. 111:699-705, 2004.

9. Hatch, W.V., Cernat, G., Wong, D., Devenyi, R., and Bell, C.M.
Risk factors for acute endophthalmitis after cataract surgery: a
population-based study. Ophthalmology. 116:425-430, 2009.

10. Vazirani, J., and Basu, S. Role of topical, subconjunctival,
intracameral, and irrigative antibiotics in cataract surgery.
Curr. Opin. Ophthalmol. 24:60-65, 2013.

11. Barry, P., Seal, D.V., Gettinby, G., Lees, F., Peterson, M.,
and Revie, C.W. ESCRS study of prophylaxis of postop-
erative endophthalmitis after cataract surgery: Preliminary
report of principal results from a European multicenter
study. J. Cataract Refractive Surg. 32:407—410, 2006.

12. Romero-Aroca, P., Mendez-Marin, I., Salvat-Serra, M.,
Fernandez-Ballart, J., Almena-Garcia, M., and Reyes-
Torres, J. Results at seven years after the use of in-
tracamerular cefazolin as an endophthalmitis prophylaxis in
cataract surgery. BMC Ophthalmol. 12:2, 2012.

13. Wallin, T., Parker, J., Jin, Y., Kefalopoulos, G., and Olson,
R.J. Cohort study of 27 cases of endophthalmitis at a single
institution. J. Cataract Refractive Surg. 31:735-741, 2005.

14. Tasaka, Y., Suzuki, T., Kawasaki, S., Uda, T., Mito, T., Uno,
T., and Ohashi, Y. Moxifloxacin as postoperative prophylaxis
for Enterococcus faecalis-induced endophthalmitis after

_26_



PROPHYLAXIS FOR ENDOPHTHALMITIS WITH CAPSULE RUPTURE

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

cataract surgery in Aphakic rabbits. J. Ocul. Pharmacol. Ther.
29:403-409, 2013.

Colleaux, K.M., and Hamilton, W K. Effect of prophylactic
antibiotics and incision type on the incidence of en-
dophthalmitis after cataract surgery. Can. J. Ophthalmol.
35:373-378, 2000.

Suzuki, T., Wada, T., Kozai, S., Ike, Y., Gilmore, M.S., and
Ohashi, Y. Contribution of secreted proteases to the pathogen-
esis of postoperative Enterococcus faecalis endophthalmitis. J.
Cataract Refractive Surg. 34:1776-1784, 2008.

Kawasaki, S., Suzuki, T., Yamaguchi, M., Tasaka, Y., Shir-
aishi, A., Uno, T., Sadamoto, M., Minami, N., Naganobu, K.,
and Ohashi, Y. Disruption of the posterior chamber-anterior
hyaloid membrane barrier during phacoemulsification and
aspiration as revealed by contrast-enhanced magnetic reso-
nance imaging. Arch. Ophthalmol. 127:465-470, 2009.
Ohrloff, C., Schalnus, R., Rothe, R., and Spitznas, M. Role
of the posterior capsule in the aqueous-vitreous barrier in
aphakic and pseudophakic eyes. J. Cataract Refractive
Surg. 16:198-201, 1990.

Smith, R.T., Campbell, C.J., Koester, C.J., Trokel, S., and
Anderson, A. The barrier function in extracapsular cataract
surgery. Ophthalmology. 97:90-95, 1990.

De Groot, V., Hubert, M., Van Best, J.A., Engelen, S., Van
Aelst, S., and Tassignon, M.J. Lack of fluorophotometric
evidence of aqueous-vitreous barrier disruption after pos-
terior capsulorhexis. J. Cataract Refractive Surg. 29:2330—
2338, 2003.

Fintelmann, R.E., and Naseri, A. Prophylaxis of postoper-
ative endophthalmitis following cataract surgery: current
status and future directions. Drugs. 70:1395-1409, 2010.
Choi, J.A., and Chung, S.K. Safety of intracameral injection
of gatifloxacin, levofloxacin on corneal endothelial structure
and viability. J. Ocul. Pharmacol. Ther. 25:425-431, 2009.
Barza, M. Antibacterial agents in the treatment of ocular
infections. Infect. Dis. Clin. of North Am. 3:533-551, 1989.
Behrens-Baumann, W., and Martell, J. Ciprofloxacin con-
centration in the rabbit aqueous humor and vitreous fol-
lowing intravenous and subconjunctival administration.
Infection. 16:54-57, 1988.

Clements, D.B., and Tailor, V. A study of aqueous and
serum levels of ceftazidime following subconjunctival ad-
ministration. Br. J. Ophthalmol. 71:433-435, 1987.
Geroski, D.H., and Edelhauser, H.F. Transscleral drug de-
livery for posterior segment disease. Adv. Drug Deliv. Rev.
52:37-48, 2001.

Prausnitz, M.R., and Noonan, J.S. Permeability of cornea,
sclera, and conjunctiva: a literature analysis for drug de-
livery to the eye. J. Pharm. Sci. 87:1479-1488, 1998.
Starr, M.B., and Lally, J.M. Antimicrobial prophylaxis for
ophthalmic surgery. Surv. Ophthalmol. 39:485-501, 1995.
Kim, D.H., Stark, W.J.,, O’Brien, T.P., and Dick, J.D.
Aqueous penetration and biological activity of moxi-
floxacin 0.5% ophthalmic solution and gatifloxacin 0.3%
solution in cataract surgery patients. Ophthalmology.
112:1992-1996, 2005.

McCulley, J.P., Caudle, D., Aronowicz, J.D., and Shine, W.E.
Fourth-generation fluoroquinolone penetration into the aqueous
humor in humans. Ophthalmology. 113:955-959, 2006.
Solomon, R., Donnenfeld, E.D., Perry, H.D., Snyder, R W.,
Nedrud, C., Stein, J., and Bloom, A. Penetration of topi-
cally applied gatifloxacin 0.3%, moxifloxacin 0.5%, and

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

..27_

339

ciprofloxacin 0.3% into the aqueous humor. Ophthalmol-
ogy. 112:466-469, 2005.

Kowalski, R.P., Romanowski, E.G., Shanks, R.M., and
Mah, F.S. The comparison of fluoroquinolones to non-
fluoroquinolone antibacterial agents for the prevention of
endophthalmitis in a rabbit model. J. Ocul. Pharmacol.
Ther. 28:604-608, 2012.

Cardillo, J.A., Paganelli, F., Melo, L.A., Jr,, Silva, A.A,, Jr.,
Pizzolitto, A.C., and Oliveira, A.G. Subconjunctival de-
livery of antibiotics in a controlled-release system: a novel
anti-infective prophylaxis approach for cataract surgery.
Arch. Ophthalmol. 128:81-87, 2010.

Kowalski, R.P., Romanowski, E.G.,Mah, E.S., Yates, K.A., and
Gordon, Y.J. Intracameral Vigamox (moxifloxacin 0.5%) is
non-toxic and effective in preventing endophthalmitis in a
rabbit model. Am. J. Ophthalmol. 140:497-504, 2005.

Chen, K.J., Lai, C.C., Sun, M.H., Chen, T.L., Yang, K.J.,
Kuo, Y.H., Chao, ANN,, and Wu, W.C. Postcataract en-
dophthalmitis caused by Enterococcus faecalis. Ocul. Im-
munol. Inflamm. 17:364-369, 2009.

Rishi, E., Rishi, P., Nandi, K., Shroff, D., and Therese, K.L.
Endophthalmitis caused by Enterococcus faecalis: a case
series. Retina. 29:214-217, 2009.

Scott, I.U., Loo, R.H., Flynn, HW., Jr., and Miller, D.
Endophthalmitis caused by Enterococcus faecalis: antibi-
otic selection and treatment outcomes. Ophthalmology.
110:1573-1577, 2003.

Microbiologic factors and visual outcome in the en-
dophthalmitis vitrectomy study. Am. J. Ophthalmol.
122:830-846, 1996.

Kowalski, R.P., Dhaliwal, D.K., Karenchak, L.M., Roma-
nowski, E.G., Mah, F.S., Ritterband, D.C., and Gordon,
Y.I. Gatifloxacin and moxifloxacin: an in vitro suscepti-
bility comparison to levofloxacin, ciprofloxacin, and
ofloxacin using bacterial keratitis isolates. Am. J. Oph-
thalmol. 136:500-505, 2003.

Mather, R., Karenchak, L.M., Romanowski, E.G., and
Kowalski, R.P. Fourth generation fluoroquinolones: new
weapons in the arsenal of ophthalmic antibiotics. Am. J.
Ophthalmol. 133:463-466, 2002.

Asena, L., Akova, Y.A., Goktas, M.T., Bozkurt, A., Yasar,
U., Karabay, G., and Demiralay, E. Ocular pharmacokinet-
ics, safety and efficacy of intracameral moxifloxacin 0.5%
solution in a rabbit model. Curr. Eye Res. 38:472-479,2013.
Matsuura, K., Miyoshi, T., Suto, C., Akura, J., and Inoue,
Y. Efficacy and safety of prophylactic intracameral moxi-
floxacin injection in Japan. J. Cataract Refractive Surg.
39:1702-1706, 2013.

Received: October 15, 2013
Accepted: November 13, 2013

Address correspondence to:

Dr. Takashi Suzuki

Department of Ophthalmology
Ehime University School of Medicine
Shitsukawa

Toon-shi 791-0295

Ehime

Japan

E-mail: t-suzuki @m.ehime-u.ac.jp



Original Paper

Ophthalmic
Research

Ophthalmic Res 2014;51:161-166
DOI: 10.1159/000357105

64064

Received: June 26,2013
Accepted after revision: October 31,2013
Published online: March 5, 2014

Evaluation of Allergic Conjunctivitis by

Thermography

Yuko Hara? Atsushi Shiraishi*® Masahiko Yamaguchi® Shiro Kawasaki®

Toshihiko Uno® Yuichi Ohashi® ¢

Departments of 20phthalmology, " Stem Cell Biology and tinfectious Diseases, Ehime University School of Medicine,

Shitsukawa, Toon, Japan

Key Words ‘
Allergic conjunctivitis - Thermography - Allergen challenge
test - Anti-allergic eye drops

Abstract

Purpose: To evaluate ocular surface temperature in assess-
ing the efficacy of anti-allergic eye drops. Methods: Thirteen
asymptomatic patients (24.7 + 2.8 years) with proven sea-
sonal allergic conjunctivitis due to cedar pollen were stud-
jed. A 0.025% levocabastine ophthalmic suspension was in-
stilled in one eye (levocabastine eye) and artificial tearsin the
other eye (artificial tear eye) in a masked fashion 10 min pri-
ortoa conjunctival allergen challenge (CAC). Then, a drop of
cedar pollen solution was dropped into the conjunctival sac
to induce the allergic reaction. The surface temperature of
the inferior bulbar conjunctiva was measured before and
30 min after the CAC with a newly developed non-contact
ocular surface thermographer (OST). The degree of conjunc-
tival injection and chemosis was also determined by slit-
lamp biomicroscopy. The changes in the symptoms were
evaluated by a questionnaire. Results: After the CAC, the
temperature increased by 0.67 + 0.10°C in the artificial tear
eyes but by only 0.21 £0.06°C in the levocabastine eyes (p <
0.05). The score for conjunctival injectionwas 1.38 + 0.24 and
the chemosis score was 0.85 £ 0.25 for the artificial tear eyes
and 0.62 +0.27 and 0.08 + 0.08 in the levocabastine eyes (p <
0.01). The temperature increase was significantly correlated

with the conjunctival injection scores {r = 0.63; p < 0.001).
Conclusion: The significant correlation of the conjunctival
surface temperature with the severity of the conjunctival al-
lergic reaction indicates that the temperature measured by
the OST can be used to objectively evaluate the efficacy of
topical anti-allergic agents. ©20145. Karger AG, Basel

Introduction

Allergic conjunctivitis is one of the most common dis-
eases seen by allergists and ophthalmologists. The hall-
mark symptoms and signs of allergic conjunctivitis are
ocular itching, conjunctival redness, ocular chemosis,
mucous discharge, feeling of heat and eyelid swelling [1].
Because of the increase in the incidence of allergic dis-
eases, many clinical trials have been conducted world-
wide on allergic conjunctivitis. However, the findings
from these clinical trials on allergic conjunctivitis are in-
conclusive because of improper trial design and lack of
objective validations [2].

Grading scores have been used to evaluate the conjunc-
tivalredness and oedema. Differencesin the grading scores
as well as in the evaluation of the effectiveness of therapeu-
tic drugs often arise due to interobserver variations [3].

Another method to objectively assess allergic conjunc-
tivitis is thermography. Thermography is a non-invasive
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imaging technique that uses infrared radiation reflected
from an object to determine the temperature of the object.
It has been used as an objective diagnostic tool in many
medical fields such as blood circulation disorders, inflam-
matory diseases and oncology [3~5]. In addition, ther-
mography is being used to detect the changes of skin tem-
peratures, e.g. the small increases in temperature associ-
ated with the skin prick test, areas of atopic dermatitis and
facial temperature in oral food challenge tests [6-8]. The
nasal temperature has also been measured in cases of sus-
pected atopic bronchial asthma after the basal provocation
test [9]. Ocular surface temperature has also been investi-
gated in several fields of application [10-12]. We have de-
veloped an instrument named the ocular surface thermog-
rapher (OST) which can measure the surface temperature
of the eye non-invasively in dry eye patients [13].

Because the conjunctival surface temperature increas-
es with a dilation of the capillary vessels in the conjunc-
tiva [14], we hypothesized that the conjunctival hyperae-
mia in eyes with allergic conjunctivitis will lead to in-
creases in the conjunctival surface temperature. To test
this, we recorded the conjunctival temperature before
and after inducing the allergic conjunctivitis, and exam-
ined the effectiveness of topical anti-allergic agents by
thermography.

Methods

Subjects

Thirteen healthy, asymptomatic volunteers with clinically di-
agnosed seasonal allergic conjunctivitis due to cedar pollen were
studied, This study was conducted in the summer and the fall to
avoid the allergy season of cedar pollen. There were 8§ men and 5
women with a mean * standard deviation age of 24.7 + 2.8 years
and a range of 21-31 years. To be included, the subjects were re-
quired to have a history of clinically proven allergic conjunctivitis
with a positive radio-allergosorbent test for allergic hypersensitiv-
ity to cedar pollen. All subjects had not used topical or systemic
medications for allergic diseases for more than 3 months at the
time of the tests. The purpose of this study and the procedures to
be used were presented to all subjects, and a signed informed con-
sent was obtained from each individual. This study protocol was
approved by the Institutional Review Board of Ehime University
and conformed to the tenets of the Declaration of Helsinki.

Medications

The conjunctival allergen challenge (CAC) test was performed
to induce type 1 allergic conjunctivitis. The allergen solution used
for the CAC test was the Allergen Scratch Extract Torii Cedar Pol-
len for Diagnostic Use (Torii, Tokyo, Japan). The allergen solution
and control solution were diluted with phosphate-buffered saline
by 100-fold. In preliminary experiments, all subjects were tested to
determine whether the allergen solution diluted by 100-fold caused
symptoms and signs of allergic conjunctivitis in both eyes [15-18].
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Fig. 1. Protocol of clinical study with the OST. Before beginning
the experiment, all eyes were examined by slit-lamp biomicros-
copy, and measurements of the lower conjunctival surface tem-
perature were made. The temperature was measured with our
OST. Then, one randomly selected eye received 0.025% levocabas-
tine ophthalmic suspension, and the fellow eye received artificial
tears. Ten minutes later, 50 pl of the CAC solution was instilled
into both eyes. Thirty minutes later, the eyes were examined by
slit-lamp biomicroscopy for signs of allergic conjunctivitis, and the
conjunctival temperature was measured with the OST.

As expected, the instillation of the artificial tears and 0.025% levo-
cabastine ophthalmic suspension without the allergen challenge
did not lead 1o any signs or symptoms of allergic conjunctivitis.

To test the effect of an anti-allergy solution on the CAC-in-
duced conjunctivitis, we used 0.025% levocabastine ophthalmic
suspension on the experimental eyes and artificial tears for the
control eyes.

Ocular Surface Thermographer

The newly developed OST (Tomey Corporation, Nagoya,
Japan) is equipped with an infrared camera module (HX0830M1,
NEC, Tokyo, Japan) and a colour CCD board camera (PKD-101,
Pacific Co., Tokyo, Japan) [13]. The infrared radiation detector
module is sensitive to infrared radiation between 8 and 12 pm, and
radiation can be directed into either the infrared camera or the vis-
ible light camera. Thus, both infrared and visible light images can
be recorded co-axially. An auto-alignment function is incorporat-
ed in the instrument to ensure that the instrument and object are
maintained in a fixed location relative to each other. With this
auto-alignment function, the position of the cameras with respect
to the object to be measured can be held constant which allowed
measurements of the ocular surface temperature fo be performed
at the same position. .

Protocol

The protocol for this double-masked, placebo-controlled clini-
cal study is shown in figure 1. Initially, all of the subjects under-
went slit-Jamp examination and measurements of the lower con-
junctival surface temperature with the OST. These findings were
used as the baseline values. If the subjects had any signs or symp-
toms of allergic conjunctivitis, they were excluded. Then, 1 drop of
0.025% levocabastine ophthalmic suspension was dropped onto

Hara/Shiraishi/Yamaguchi/Kawasaki/
Uno/Ohashi
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one (levocabastine eye) eye and the same amount of artificial tears
onto the other eye (artificial tear eye). Ten minutes later, 50 pl of
the allergen solution was dropped onto both eyes for the CAC.
Thirty minutes after the CAC, the degree of conjunctivitis was de-
termined by slit-Jamp biomicroscopy, and the temperature was
measured. The criteria for the scoring of slit-lamp findings and
ocular symplons are listed in table 1 [16].

The conjunctival temperature was measured with the OST ina
standard clinical room maintained at a temperature of 26.5 +
1.5°C and humidity of 42.5 + 2.5% as reported [13]. The subjects
were allowed to blink normally, and then they were asked to close
both eyes for 5 s, and then open their eyes and look upward. The
inferior bulbar conjunctival temperature was measured immedi-
ately after their eyes had been opened. The conjunctival vessels
were used as markers for alignment, and the average conjunctival
temperature was analysed. The inferior bulbar conjunctiva was de-
fined as a circular region 4 mm in diameter with its centre at the
midpoint of the pupil.

Statistical Analyses

All data are expressed as the means + standard error of the
means. Wilcoxon matched pairs signed-rank tests were -used to
compare the clinjcal scores after each allergen challenge test.
Paired t tests were used to determine the significance of the differ-
ences of the conjunctival temperature before and after CAC in ar-
tificial tear and levocabastine eyes. Pearson’s correlation coeffi-
cient was used for examining correlations. A p value <0.05 was
considered statistically significant.

Results

Effect of Levocabastine on Signs and Symptoms

Induced by CAC

Before the CAC, all subjects had no signs or symptoms
of allergic conjunctivitis. After the CAC, the average red-
ness, chemosis and itching scores in the levocabastine
eyes were significantly lower than those in the artificial
tear eyes (p < 0.01; Wilcoxon signed-rank test; table 2).

Effect of Levocabastine on Conjunctival Surface

Temperature Induced by CAC

Typical thermographic and photographic images of the
anterior surface of the eye before and after the CAC are
shown in figure 2. The surface temperature of the inferior
bulbar conjunctiva measured in the 4-mm circle before
the CAC was 34.29 and 34.48°C. The mean surface tem-
perature in all eyes before the CAC was 34.26 + 0.18°C,
and there was no difference between the right and left eyes.

Thermographic and photographic images after the
CAC are shown in the lower half of figure 2. The surface
temperature of the inferior bulbar conjunctiva in the cir-
cle was 34.92°C in the eye that had received the artificial
tears, and it was 34.64°C in the eye instilled with levoca-

Evaluation of Allergic Conjunctivitis by
Thermography

Table 1. Criteria used to determine the clinical score of the con-
junctival surface

Redness

0 None

1 Mild (dilation of a few blood vessels)

2 Moderate (dilation of many blood vessels)

3 Severe (dilation of all blood vessels, white of the eye is
hardly distinguishable)

Chemosis

0 None

1 Mild (slight oedema detectable only by slit-lamp)

2 Moderate (more diffuse oedema visible in normal room hght)
3 Severe (ballooning of overall bulbar conjunctiva)

Itching

0 None

1 Mild (intermittent itching)

2 Moderate (continuous itching)

3 Severe (continuous itching with the desire to rub, normal

functioning not impaired)

The scores 0-3 for conjunctival redness and chemosis were de-
termined by slit-lamp biomicroscopy, and the symptom of itching
was evaluated by a questionnaire.

Table 2. Effect of lévocabastine on clinical scores and symptoms
after CAC

Artificial tears

Levocabastine
Redness 1.38+0.87* 0.62+0.96*
Chemosis 0.85+0.90* 0.08+0.28*
Itching 1.62+0.67* 0.08+0.28*

* p < 0.01: statistically significant; The redness and chemosis of
the bulbar conjunctiva were significantly lower in levocabastine
than artificial tear eyes (p < 0.01; Wilcoxon signed-rank test). The
itching score was also significantly lower inlevocabastine than ar-
tificial tear eyes (p < 0.01; Wilcoxon signed-rank test).

bastine. The increase in the temperature after CAC was
significantly greater in the artificial tear eyes (0.67 *
0.10°C) than in the levocabastine eyes (0.21 + 0.06°C; p <
0.001; paired t test; fig. 3).

Correlations between Conjunctival Surface

Temperatures and Clinical Scores

The correlation coefficient was calculated between the
change in the conjunctival surface temperature after the
CAC and the sign and symptom scores (table 3). Statistical
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Artificial tear eye

Before CAC

After CAC

Levocabastine eye

Fig. 2. Effect of levocabastine on conjunctival surface temperature
induced by CAC solution. Representative thermographic and pho-
tographic images before (upper panels) and 30 min after the CAC
(lower panels). The surface temperature of the inferior bulbar con-
junctiva before the CAC was 34.29°C (upper left) and 34.48°C
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Fig. 3. Average changes in conjunctival temperature after the CAC
in eyes pretreated with levocabastine or artificial tears. The in-
crease in the temperature was significantly higher in the artificial
tear eyes (0.67 + 0.10°C) than in the levocabastine eyes (0.21 +
0.06°C; p < 0.001; paired t tests).
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(upper right). The images of an eye instilled with artificial tears
(bottom left) and an eye instilled with levocabastine (bottom right)
after the CAC, The temperature after the CAC was 34.92°C in the
artificial tear eye and 34.64°C in the levocabastine eye.

Table 3. Correlation coefficients between conjunctival surface
temperature and clinical scores

Clinical score n Change of Correlation
temperature, °C coefficient

Redness

0 9 0.2240.06

! 11 0.39£0.09 . v

2 3 0774033 0.63 (p = 0.00058)

3 3 0.94+0.22

Chemosis

0 17 0.3220.09

1 7 0.63%0.15 )

2 105 0.39 (p = 0.046)

3 1092

Itching

0 13 0.34+0.11

1 5 0.32+0.17

2 7 0.630.13 0.38 (p = 0.056)

3 1 092

~ Statistical analysis showed no significant correlation between
the conjunctival temperature and chemosis and itching scores.
The change of temperature was significantly correlated with the
conjunctival redness.

Hara/Shiraishi/Yamaguchi/Kawasaki/
Uno/Ohashi
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analysis showed a significant correlation between the con-
junctival temperature and the conjunctival redness (r = 0.63;
p = 0.00058). However, the temperature change was not sig-
nificantly correlated with the chemosis and itching scores.

Discussion

Our results showed that the conjunctival surface tem-
perature increased significantly in patients with allergic
conjunctivitis elicited by the CAC, and that levocabas-
tine, an anti-allergic agent, was able to suppress the signs

and symptoms of the conjunctivitis. The suppression of

the signs and symptoms was accompanied by a reduc-
tion in the temperature rise after the CAC,

To the best of our knowledge, this is the first study that
_ used thermography to determine the changes of conjunc-
tival temperature during an allergic reaction induced by
a CAC. CAC is a method of inducing allergic conjuncti-
vitis with itching and increased hyperaemia and oedema
[15-18]. In most clinical studies of allergic conjunctivitis
using CAC, the main parameters measured for the degree
of conjunctivitis were the symptoms and signs observed
by slit-lamp biomicroscopy. These scores are dependent
on the sensitivity of the subjects to the symptoms.

To overcome the inter- and intra-observer reliability,
objective methods of measuring the bulbar redness have
been used [19, 20]. Although these methods have been
reliable with less variation, they require considerable time
to analyse the changes.

Earlier, Fukushima and Tomita [21] and Takahashi et
al. [22] reported that image analyses can be used to quan-
titatively evaluate the conjunctival hyperaemia and oe-
dema in guinea pigs with histamine-induced hyperaemia
or an allergic reaction. However, their methods cannot be
easily used in humans because they require the injection
of histamine.

Thermography is a non-invasive imaging technique
which has been used for the diagnosis and evaluation
of the therapeutic effect of drugs on other organs.
Thus, Laino and Di Carlo [23] and others [24, 25] report-
ed that thermography was an objective wayto evaluate the
patch test in allergic contact dermatitis where clinical
assessment is difficult. Clark et al. [8] reported that
thermography can be used to detect the early changes of
the facial surface temperature when food allergy develops.

Thermography has also been used to evaluate the
changes of temperature in various ocular surface diseas-
es. We have demonstrated that the temperature of a func-
tional bleb is lower than that of a non-functional bleb

Evaluation of Allergic Conjunctivitis by
Thermography ‘

[11], and the temperature of the corneal surface in eyes
with the dry eye syndrome is lower than that in normal
eyes [13]. It has also been reported that thermography is
useful in evaluating bacterial corneal ulcers or the effect
of reconstruction of lagophthalmos [26, 27].

Thermography has also been used to evaluate the degree
of conjunctival hyperaemia and blood flow. Efron etal. [14]
used a hypertonic saline solution to induce conjunctival
hyperaemia, and they measured the conjunctival tempera-
ture by aninfrared bolometer. They showed that the degree
of conjunctival hyperaemia was correlated with the change
in the conjunctival temperature. Duench et al. [28] mea-
sured the conjunctival temperature together with conjunc-
tivalblood flowand redness throughout the dayand showed
that these three parameters were significantly correlated.
Thus, an increase in ocular surface temperature has been
observed when blood flow increases during inflammation
of the anterior segment of the eyes. Thermography was able
to detect the conjunctival temperature of allergic conjunc-
tivitis which is supposed to be higher than that of the nor-
mal conjunctiva. However, Rimas et al. [29] did not detect
significant changes of the ocular surface temperature by
thermography, even though they also used CAC and mea-
sured the clinical signs and symptoms in their subjects.
However, they stated that their thermographer might not
be sensitive enough to detect the slight temperature chang-
es. However, our OST was specially designed for the ocular
surface and can measure the temperature more accurately
and with greater sensitivity [13]. Furthermore, the ocular
surface temperature measured by the OST has been report-
ed to be highly reproducible [30]. The differences in the
instruments may be the reason for the differences between
the findings of Rimas et al. and our study.

We also demonstrated that levocabastine hydrochlo-
ride can reduce the changes induced by CAC. Levocabas-
tine hydrochloride is an H, receptor antagonist, and it is
effective in reducing the clinical scores of itching and red-
ness after CAC [16]. In this study, the relationship of con-
junctival temperature to chemosis and itching scores was
not statistically significant probably because the conjunc-
tival temperature reflected the filling of the vessels and
not conjunctival oedema. Indeed, our results clearly
showed that the conjunctival temperature was lower in
the levocabastine than the artificial tear eyes, and also that
the change of temperature was significantly correlated
with the clinical scores of conjunctival redness. These re-
sults indicated that our OST is sensitive enough to detect
the change of temperature during anti-allergic therapy,
and that the OST can be used to evaluate the therapeutic
effect of different agents against allergic conjunctivitis.

Ophthalmic Res 2014;51:161-166
DOIL 10.115%/000357105
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There are limitations to our experiment. Our findings
showed that the individual conjunctival temperature var-
ied among the subjects (fig. 3); thus, it would be difficult
to diagnose allergic conjunctivitis by only the absolute
value of the conjunctival temperature. Although the dif-
ference between conjunctival and body temperature

tival allergies.

could be examined, it would require further refinement
of our OST to do this. However, the measurement of con-

junctival temperature of the same subjects during the

course of a disease process should be useful in determin-

ing the status of the disease and the effectiveness of the

treatment.

-

w
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ABSTRACT

Pseudomonas aeruginosa is the causative pathogen of keratitis, conjunctivitis, and dacryocystitis. How-
ever little is known about their clinical epidemiology in Japan. In this study we investigated the geno-
typic characterization and serotype of P. aeruginosa isolates from ocular infections. Thirty-four clinical
P. aeruginosa isolates were characterized according to infection type, the type Il secretion system (TTSS),
serotype, and multilocus sequence typing (MLST). We divided the isolates into four clinical infection
types as follows: Contact lens (CL)-related keratitis (CL-keratitis; 15 isolates), non CL-related keratitis
(non CL-keratitis; 8 isolates), conjunctivitis (7 isolates), and dacryocystitis (4 isolates). Regarding the TTSS
classification and serotyping classification, no significant differences were found among the infection
types. Two clusters (I, I) and three subclusters (A, B, C) were classified according to MLST. CL-keratitis
isolates with exoU positivity were clustered in II-B, and conjunctivitis was clustered in cluster L. Some

Contact lens

linkage was found between the genetic background and CL-keratitis or conjunctivitis.

© 2014, Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.

Published by Elsevier Ltd. All rights reserved.

1. Introduction

Pseudomonas aeruginosa is a common opportunistic bacterial
pathogen that causes various infections in humans, and it is a
leading cause of Kkeratitis worldwide. Keratitis caused by
P. aeruginosa occurs following injury and ocular surgery or in as-
sociation with contact lens (CL) wear and can progress rapidly with
a suppurative infiltrate. Keratitis can lead to corneal perforation
and melt, resulting in the loss of vision {1]. Along with keratitis,
P. aeruginosa is a causative agent of conjunctivitis and dacryocys-
titis. Conjunctivitis caused by P. aeruginosa has been observed in
neonatal intensive care unit infants or the elderly (age >70 years)
[2,3]. Dacryocystitis caused by P. aeruginosa could form an abscess
in the nasolacrimal sac that is frequently triggered by nasolacrimal
duct obstruction {4]. To understand the mechanism of pathogenesis
in ocular infections caused by P. aeruginosa, it is necessary to
identify virulence factors, which are cell-associated structures such

* Corresponding author. Tel.: +81 89 960 5361; fax: +81 89 960 5364.
E-mail address: t-suzuki@nm.ehime-u.acjp (T. Suzuki).

http:/jdx.doi.org/10.1016/ iac.2014.02.007

as flagella, pili, and lipopolysaccharide, as well as extracellular
products, including proteases, exotoxin A and biofilm |5—11]. Along
with these products, the type Il secretion system (TTSS) is an
important factor for pathogenicity in keratitis [12--16]. The TTSS
transports toxins to host cells, and it includes a needle-like appa-
ratus, effector protein, and pore-forming protein. Four effector
proteins have been identified, namely ExoU, ExoS, ExoT, and ExoY.
Among those proteins, ExoU and ExoS are considered the main
factors of host cell cytotoxicity. The molecular structures of ExoS
and ExoT show a striking likeness, and almost all P. aeruginosa
strains have ExoT. Analysis of 63 isolates from ulcerative keratitis
revealed that ExoU-positive strains predominate over ExoS-
positive strains {17]. Moreover, Choy et al. demonstrated that
strains with an exoS+/exoU—- genotype predominated in non CL-
related keratitis (non CL-keratitis) isolates, whereas the exoS—/
exoU + genotype was associated with CL-related keratitis (CL-
keratitis) isolates {18]. Thus, the TTSS could be related to patho-
genicity in keratitis. Because tears contain antimicrobial compo-
nents to protect the ocular surface, Gram-negative rods are rarely
present in healthy conjunctival sacs. P. aeruginosa isolates need to
survive in an ocular environment to cause infection, and some

1341-321X/© 2014, Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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strains with a specific TTSS type might adapt to the conditions of
the ocular site. However, few studies have compared TTSS types
among ocular infections such as keratitis, conjunctivitis, and
dacryocystitis.

To determine the characteristics of P. aeruginosa strains isolated
from ocular infections, it is critical to analyse their genotype. A
combination of phenotypic and genotypic characteristics in a large
survey showed that environmental and clinical P. aeruginosa iso-
lates are indistinguishable [19,20]. By contrast, Stewart et al.
revealed a genetic cluster in P. aeruginosa causing keratitis using the
ArrayTube genotyping system [21]. Moreover, 71% of isolates from
United Kingdom keratitis cases were clustered, and the
P. aeruginosa eccB clonal complex is associated with adaptation to
survival in environmental water [22]. However, similar results have
not been reported in other geographic areas, and no study has
investigated the differences in genotypes of P. aeruginosa isolated
from CL-keratitis, non CL-keratitis, conjunctivitis, and dacryocys-
titis. Multilocus sequence typing (MLST) is widely used for geno-
typing of P. aeruginosa due to the large, readily accessible database
[23,24]. This database can be used to elucidate evolutionary re-
lationships among strains and identify ancestral genotypes, as well
as predict patterns of divergence within groups of related geno-
types. eBURST, an MLST program, can be used with multilocus data
to define groups or clonal complexes of related isolates derived
from a common ancestor, the patterns of descent linking them, and
the ancestral genotype. We report here a genetic Bayes classifica-
tion of isolates from ocular infections using housekeeping genes
from MLST—Bayes classification is a development of the condi-
tional probability calculation and is useful for analysis of genetic
diversity {25]. In the present study, P. aeruginosa isolates from
ocular infections were compared by TTSS typing, serotype, and
MLST.

2. Materials and methods
2.1. Bacterial strains and DNA isolation

Thirty-four P. aeruginosa isolates from various types of ocular
infection were obtained from the Ehime University Hospital
collection from 2003 to 2011. Tested isolates included 15 CL-
keratitis, 8 non CL-keratitis, 7 conjunctivitis, and 4 dacryocystitis
isolates. DNA extraction was performed using a DNA mini kit
(Qiagen, Valencia, CA) following the manufacturer’s instructions.

2.2. Polymerase chain reaction (PCR)

The TTSS effector genotype of each clinical isolate was deter-
mined using multiplex PCR to detect the exoS, exoT, exoY, and exoU
genes in a single reaction as described and optimized by Ajayi et al.
{26] The conditions of PCR amplification were as follows: 2 pl of
10 x PCR buffer, 1.6 pl of dNTPs, 0.4 pul of DMSO, 0.8 ul of primer mix
(F + R mixture; 25 uM), and 0.1 pl of ExTaq. The primer sequences of
exoU are F-5-GGGAATACTTTCCGGGAAGTT-3’ and R-5-
CGATCTCGCTGCTAATGTGTT-3’ and those of exoS are F-5'-
ATCGCTTCAGCAGAGTCCGTC-3' and R-5'-CAGGCCA-
GATCAAGGCCGCGC-3'.

2.3. Serotyping

The O serotypes of the isolates were determined using a slide
agglutination test kit containing three polyvalent antisera and 14
monovalent antisera (Denka Seiken Co., Tokyo, Japan). We applied
the standard classification of O types from A to N proposed by the
Serotyping Committee for the Japan P. aeruginosa Society {27].

Table 1

Prevalence of ExoS/U according to infection type.
Disease (N) TTSS type

ExoS (N/%) ExoU (N/%) Other (N/%)

CL-keratitis (15) 8(53.3%) 7 (46.7%) 0 (0%)
Non CL-keratitis (8) 6 (75%) 1(12.5%) 1 (12.5%) No exo
Conjunctivitis (7) 4(57.1%) 3 (42.9%) 0 (0%)
Dacryocystitis (4) 3(75%) 0 (0%) 1(25%) ExoS/U
Total 21 (61.8%) 11 (32.3%) 2 (5.9%)

2.4. MLST and Bayes classification

The MLST technique was conducted according to the guidelines
at http://pubmlist.org/paeruginosa/, which were developed by
Keith Jolley, and new alleles were sent to curator Eleanor Pinnock
[28]. The clustering of STs was analysed using the eBURST (elec-
tronic Based Upon Related Sequence Types) algorithm (http://
www.eburst.mlst.net). Bayes classification using seven house-
keeping alleles was performed as described previously [25].

2.5. Statistical analysis

Comparison of genotype prevalence among ocular infections
was performed by chi-squared double classification with one de-
gree of freedom. A P value less than 0.05 was deemed to indicate
statistical significance.

3. Results
3.1. Distribution of TTSS genes and serotyping

In the TTSS classification, 21 isolates (61.7%) were PCR-positive
for exoS, 11 isolates (32.3%) were PCR-positive for exoU, 1 isolate
was PCR-positive for both exoS and exoU, and 1 isolate was PCR-
negative for both exoS and exoU (Table 1). No significant differ-
ence was noted among disease type regarding TTSS classification,
although the rate of exoU-positive strains in CL-keratitis was higher
than in the other diseases. In the serotyping classification, nine
isolates (26.4%) were type G, six isolates (17.6%) were type B, five
isolates (14.7%) were type E and |, three isolates (8.8%) were type C,
two isolates (5.9%) were type K, less than 5% of isolates were other
serotypes, and 1 isolate was non-typable (Table 2). No significant
differences in serotype were observed among the disease types.

3.2. MLST and Bayes classification

Thirty-four P. aeruginosa isolates were classified according to
disease type, the TTSS, and serotyping using the Bayes method. All

Table 2
Serotype according to infection type.

CL-keratitis Non CL-keratitis Conjunctivitis Dacryocystitis Total

(N) (N) (N) (N) (N)

A 1 1
B 3 2 1 6
C 3 3
E 4 1 5
F 1 1
G 3 1 4 1 9
I 2 2 1 5
K 1 1 2
M 1 1
No type 1 1
Total 15 8 7 4
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infection ExoS/U serotype
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S
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SC-A.
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CL Keratitis S
No CL Kerafitis
CL Keratitis
Dacryocystitis
CL Keratifis
Conjunctivitis
No CL Keratilis
CL Keratitis
No CL Keratitis
Conjunctivitis
CL Keratitis

CL Keratifis
CL Kerafitis
CL Keratitis
CL Keratitis

CL Keratitis
CL Keratitis

Cl Keratiis
Dacryocystitis
No CL Keratitis
No CL Keratitis
Dacryocystitis
No CL Keratitis
CL Keratitis
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CL Keratitis
Conjunctivitis
Conjunctivitis
Dacryocystitis
Conjunctivitis
No CL Keratitis
Conjunctivitis
Conjunctivitis
No CL Keratitis No secretion
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Fig. 1. Phylogenetic relationships among ocular isolates determined by MLST analysis. Tree showing the genetic relationships between the merged sequences of seven house-
keeping gene fragments from P. aeruginosa isolates, analysed by Bayes classification. SC; subcluster.

base sequences of seven loci (housekeeping genes) were calculated
using the Bayes method. Two clusters (I and II) and three sub-
clusters (A, B, and C) were classified using the Bayes classification
system (Fig. 1). exoU-positive strains were predominant in cluster [
(5/8; 62.5%); by contrast, exoS-positive strains predominated in
cluster Il (18/25; 72.0%). Each subcluster had a specific TTSS type:
e.g., I-A [exoU; 5/6 (83.3%)], II-A [ex0S; 6/6 (100%)], II-B [exoU; 6/6
(100%)], and 1I-C [exo0S; 9/9 (100%), one strain had both exoS and
exoU]. Although II-B and II-C contained predominantly serotype C
(3/6; 50%) and B (5/10; 50.0%), respectively, other subclusters did
not have predominant serotypes. There were significant differences
in the prevalence of CL-Keratitis and conjunctivitis between clus-
ters I and II. CL-keratitis belonged to cluster II significantly [cluster
I: 1/9 (11.1%) vs. cluster II: 14/25 (56%); P < 0.05]. Conjunctivitis
belonged to cluster I significantly [cluster I: 5/9 (55.6%) vs. cluster II:
2/25 (8.0%); P < 0.01] (Table 3). Notably, all isolates in II-B were CL-
keratitis isolates, which harboured the exoU gene. Furthermore,
conjunctivitis isolates and non CL-Kkeratitis isolates were predom-
inant in I-A (4/7; 57.1%) and 1I-A (3/6; 50%).

Alleles of the seven housekeeping gene in ocular isolates were
investigated. The prevalence of aroE allele 5 in keratitis isolates was
higher than in non CL-Keratitis isolates [keratitis isolates: 82.6%
(19/23); non-Keratitis isolates: 27.3% (3/11)].

In the eBURST analysis, the genotype of ocular isolates was not
clustered, except for several CL-keratitis isolates (Fig. 2).

4. Discussion

In the present study, exoS-positive strains were predominant
in ocular isolates, including CL-keratitis, non CL-keratitis,
conjunctivitis, and dacryocystitis isolates. In keratitis isolates,
the exoS- and exoU-positive rates were 56.5% and 34.8%,
respectively. However, the rate of exoU-positive strains in CL-
keratitis was higher than that in other disease. Thus, exoU posi-
tivity could be associated with CL-keratitis isolates. These results
are consistent with those in previous studies [18,22]. Moreover,
CL-keratitis with exoU positivity was found to be clustered by
MLST analysis. As Shanker et al. described, strains with certain
genetic backgrounds might adapt to survive in environmental
water {22]. Interestingly, non CL-keratitis with exoS positivity
was not clustered in MLST classification. The origin of isolates
could be different between CL-keratitis and non CL-keratitis.
P. aeruginosa causing CL-keratitis might originate from environ-
mental water, surviving various types of disinfectant systems,
such as chlorine in tap water or CL disinfectant, including hy-
droperoxide or polyhexamethylene biguanide. Several other

Table 3
Relationship between cluster and infection type.
Cluster Subcluster Disease TTSS type (N/%)?
(N) N) CL-keratitis (N) Non CL-keratitis (N) Conjunctivitis (N) Dacryocystitis (N) S U
1(8) A (6) 1 1 1 1 3 5 1 1 0 (0%) 6 (100%)
others (2) 0 0 2 0 2 (100%) 0 (0%)
11 (25) A (6) 1 14 3 5 0 2 2 3 6 (100%) 0 (0%)
B (6) 6 0 0 0 0(0%) 6 (100%)
c(9) 4 1 2 1 9 (100%) 0(0%)
others (4) 3 1 0 0 4 (100%) 0 (0%)
P value® P <005 NS P <001 NS

2 Rate of the TTSS type in the subcluster.
° prevalence of each infection type; cluster I vs. cluster II.
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studies have also shown a relationship between exoU expression
and resistance of P. aeruginosa to CL disinfectants [29], and to
multiple antimicrobials [30]. Thus P. aeruginosa strains with exoU
positivity could survive CL disinfectants and cause keratitis. In
these processes, strains with a similar genetic background could
be selected. Because these data in Japan were the same as in
previous studies performed in the United Kingdom, similar re-
sults could be found in different geographical locations {21,22].
By contrast, non CL-keratitis is usually triggered by trauma, se-
vere ocular surface disease, and dacryocystitis. Non CL-keratitis
could originate from various sites, such as the environment,
including not only environmental water but also soil, and the
human microflora. Thus, CL-keratitis isolates are not clustered. In
the present study, conjunctival isolates were clustered according
to MLST analysis. P. aeruginosa is a rare pathogen of conjunctivitis
and can cause this infection in infants, elderly people, and
immunocompromised hosts. Thus, isolates with a similar genetic
background might spread to patients in a hospital.

Our MLST data are similar to those in studies using the Array-
Tube genotyping system [21,22]. However, the large cluster in the
eBURST analysis, similar to that obtained with the ArrayTube
genotyping system, was not found in our study. Several reasons
should be considered. First, this study used a small population,
including various types of ocular infectious disease, compared with
previous studies. Thus, the genetic cluster could be small. Second,
there are differences between the MLST and ArrayTube genotyping
systems. MLST can scan only genetic informative traits of the core
genome; by contrast, the ArrayTube genotyping system analyzes
the composition of the accessory genome through a set of 38 ge-
netic markers as well as the core genome. Further investigation is
needed to determine the characteristics of P. aeruginosa ocular
isolates.

In conclusion, CL-keratitis and conjunctivitis strains, but not the
non CL-Keratitis strain, were found to be clustered in the genetic
analysis, suggesting that P. aeruginosa does not adapt to the con-
ditions in the eye but can adapt to external environmental
conditions.
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