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Fig. 3. Expression of epitopes recognized by mAbs. In the screening of mAbs (200 clones), mAbs from 23 clones with various isotypes are non-responding to either 293CD4
or 293FT-env (data not shown). (A) Three mAbs, F12-1, F13-6, and F18-4, showed the positive signals when cells are membrane fused compared with the negative control
(293FT +293CD4). Bars = 100 pm. (B) The mAbs were also examined on the individual cells by flow cytometric analysis. These results are representative of three independent

experiments.

flow cytometry. Supernatants negative for both transfectants were
chosen for further screening in co-culture of the transfectants. Pos-
itive hybridomas were re-cloned for confirmation of their binding
specificities. Designated F12-1, F13-6 and F18-4 clones were cho-
sen as three mAbs that recognize the epitopes apparently during
the membrane fusion.

mAbs that recognized the antigenic epitopes of CD4 were
screened by ELISA using soluble CD4 (R&D Systems, Minneapolis,
MN). mAbs designated B224, R260, R210,R19, R35,B40,B211,R240
and R275 were characterized and found to recognize the extracel-
lular region of human CD4 in the 293CD4 transfectants.

Commercially available fluorochrome Abs were: allophyco-
cyanin- (eBioscience, San Diego, CA) and biotin-conjugated (Biole-
gend, San Diego, CA) OKT4, phycoerythrin (PE)-conjugated RPA-T4
(Biolegend), and fluorescein isothiocyanate (FITC)-conjugated CD3
(Beckman Coulter, Brea, CA). The anti-CD4 mAbs used were: RPA-T4
(Biolegend), S3.5 (Caltag Laboratories, Burlingame, CA), Leu-3a/SK3
(Biolegend), Q4120 (Sigma Aldrich), OKT4 (Biolegend), Leu-3a (BD
Bioscience), and Leu-3 (eBioscience).

Immunocytostaining

Single transfectants without spGFP constructs included 293FT-
env and 293CD4 which were used for VFC staining. Co-cultured

cells were fixed with 0.2% formaldehyde-PBS for 2 h at 4°C. mAbs
(5 pg/ml) were added for 1h at RT and detected with goat anti-
mouse IgG conjugated to AlexaFluor® 488 under the conventional
staining procedure.

Flow cytometric analysis

mAbs conjugated to biotin were used for staining the cell
surface epitope by cross-inhibition with mAbs against known
CD4 epitopes. The signal was detected with Streptavidin-PerCP
Cy5.5 (BD Bioscience) or Streptavidin-PE Cy7 (eBioscience). Cells
were analyzed using FACSCalibur (Becton Dickinson) or JSAN
cell sorters (Bay Bioscience, Kobe, Japan) with Flow]o software
(Tree Star, OR).

Virus neutralization assay

Recombinant luciferase-reporter virus stock pseudotyped with
HIV-1 envelope was generated by co-transfection of 293T cells
with pHIV-1 NL-Luc (Masuda et al,, 1995) and pCXN2 vector
expressing envelope from JR-FL (Maeda et al., 2000). The neu-
tralization of pseudovirus infection by the mAb was measured
using MAGI/CCR5 cells as previously described (Maeda et al.,
2000). The infectious HIV-1 stocks of NL4-3 (Adachi et al.,, 1986),
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Fig. 4. Appearance of vFC epitopes and their association with membrane fusion and virus infection. (A) Kinetics of the appearance of vFC during co-culture of 293CD4
and 293FT-env cells. The signal was visualized using the mAbs plus AlexaFluor 488-anti-mlg Abs after fixation. All images are the same size and each experiment was
repeated three times with identical results. Bars =100 pm. (B) Effect of anti-vFC mAb on epitopes within Env and CD4. 293FT-env HcRed cells were preincubated with
the anti-vFC mAbs for 1h at RT, lightly washed with PBS, and stained with biotinylated G2-25 without fixation. 293CD4 cells were processed similarly and stained with
FITC-labeled OKT4. The specific signals were confirmed using non-labeled mAbs, G2-25 and OKT4. Bars =100 pm. These results are representative of three independent

experiments.

JR-FL (Koyanagi et al, 1987), 89.6 (Collman et al, 1992) and
Indie-C1 (Mochizuki et al., 1999) were prepared using 293T cells
by transfection. The HIV-1 stock of Bal (Gartner et al., 1986) was
prepared from the culture supernatant of PM1/CCR5 cells (Yusa
et al., 2005) infected with BaL. For the neutralization assay, we
used a TZM-bl cell line expressing CD4 and CXCR4/CCR5 and car-
rying the luciferase and B-galactosidase reporter genes under the
control of HIV-1 LTR (Platt et al., 1998; Wei et al., 2002). Briefly,
TZM-bl cells (1 x 10%) were infected with aforementioned infec-
tious viruses in the presence of the mAb (0.5, 5, and 50 p.g/ml)
and the luciferase activities were measured 48h after infection.
Inhibitory concentration (ICsp) value was calculated as the concen-
tration of mAb giving 50% of relative luminescence units (RLUs)
compared with those of virus control after subtraction of back-
ground RLUs.,

NalO4-treatment and cross-inhibition using known mAbs

After fixation with 4% paraformaldehyde-PBS for 15 min at RT,
293CD4 cells were treated with 20 mM sodium periodate in 0.1 M
sodium acetate buffer pH 5.5 for 15 min at RT. The deglycosylated
293CD4 cells were stained with R275 and analyzed by FACS. Cross-
inhibition was performed to determine the epitope for R275. Aftera
1 hincubation with unlabeled mAb (25 pg/ml) at 4 °C, 293CD4 cells
were stained with biotinylated R275 followed by Streptavidin-PE
Cy7.

Results

Establishment of mAbs against the epitopes during vFC formation
using GANP'E mice

The spGFP system (Fig. 1A) (Wang et al. 2009) was used
to prepare VFC. 293FT cells were transfected to express HIV-1
Env+HcRed plus a fragment of the GFP protein (GFPyq) linked
to the membrane-targeting pleckstrin homology (PH) domain of
human phospholipase C 8 (293FT-envGFP11), Host 293 cells express-
ing CXCR4 were transfected with human cd4 cDNA and a large
fragment of the gfp gene (regions 1-10) linked to the PH region
(293CD4GFFP1-10) When both cells fuse to form vFC-like structures,
the fused membrane emits the green fluorescence signal together
with nucleus-targeted HcRed (Fig. 1B). Images were recorded
20-40 min after the start of co-culture. The membrane-fused cells
were fixed with 0.2% formaldehyde in PBS at 15 min and used as the
immunogen. Hybridoma cells secreting anti-vFC mAbs were estab-
lished using conventional cell fusion of P3U1 cells with splenocytes
from GANPTE mice immunized with the vFC.

We obtained nine mAbs against CD4 by screening with human
CD4 expressed on the surface of transfectants (Fig. 2A). Eight anti-
CD4 mAb clones recognized peptide sequences within extracellular
CD4 other than the D1 and D2 sequences known to interact with
the Env protein and MHC class II (Fig. 2B and C).

Fluorescence microscopy showed that mAb-producing clones,
designated F12-1, F13-6, and F18-4, selectively bound to the vFC
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created between 293FT-env- and 293CD4-transfectants (Fig. 3A).
None of these mAbs reacted with 293CD4 or 293FT-env cells
(Fig. 3B), indicating that they did not recognize the Env protein
or the CD4 protein expressed alone on the cell membrane. The
mAbs recognized the membrane vFC formed between 293FT-env
and 293CD4 cells, but did not recognize 293CD4 (negative control)
cells.

Altered appearance of vFC epitopes recognized by the mAbs

The appearance of antigenic epitopes was examined under flu-
orescence microscopy after co-culturing 293FT-env and 293CD4
cells (Fig. 4A). F12-1 and F13-6 recognized epitopes appearing at
later time points on cells expressing env-HcRed signals. The vFC
epitopes appeared at different time points during fusion: the F18-4
epitope appeared relatively early (120 min at the latest); the F13-6
epitope appeared when Env interacted with CD4, creating and sta-
bilizing the vFC. Finally, the F12-1 epitope appeared after 360 min.

CD4 epitope expression may also vary during the process of
membrane fusion. We next studied whether the anti-vFC mAbs
caused alterations in the epitope appearance within CD4 or Env
that are expressed on the cell surface prior to their interaction.
Pre-incubation of 293FT-env cells with non-labeled anti-vFC mAbs
did not cause any change in the binding of G2-25 (Fig. 4B). How-
ever, pretreatment of 293CD4 cells with F12-1 or F18-4 resulted
in enhanced OKT4 binding, suggesting that some of the anti-vFC
mAbs have partial affinity for CD4, and the binding may cause the
exposure of OKT4-antigenic epitope on the global surface of CD4
molecule.

Inhibition of membrane fusion by anti-vFC mAbs

We examined the effects of the mAbs on the formation of vFC
and membrane fusion. 293FT-envefP1! and 293CD4GFP1-10 were
co-cultured in the presence of excess F12-1, F13-6, or F18-4. The
GFP fusion signal on co-cultured cells was then examined (Fig. 5).
G2-25, directed against the V3-epitope of gp120, markedly sup-
pressed the GFP signal at 6 h (Fig. 5A), and this tendency continued
up until 12h (Fig. 5B). MAbs F12-1, F13-6, and F18-4 modestly
inhibited membrane fusion (Fig. 5A and B). However, the anti-
CD4 mAb R275 inhibited membrane fusion to the same extent as
anti-gp120 mAb G2-25. In addition, R275 showed marked inhibi-
tion of membrane fusion in the luciferase assay compared with
mADbs against CD4, including the ones with anti-D3 region of CD4
(Figs. 2C and 5C).

Analysis of the epitope recognized by R275 anti-CD4 mAb

R275 reacted with extracellular CD4 on cells and with recom-
binant soluble CD4 (R&D systems), but not with recombinant CD4
protein produced in Escherichia coli (Fig. 2). This suggests that R275
recognizes glycosylation or conformational epitopes. To examine
this, CD4-transfected cells were treated with NalQ4. The results
showed that NalO4 had little effect upon R275 binding; similar
results were obtained for R240 (Fig. 6A). No inhibition by mAbs
recognizing the D1 region of CD4 was detected (RPA-T4, S3.5,
SK3/Leu3a, and Q4120) (Healey et al. 1990); however, OKT4, which
recognizes the D3 region, showed clear inhibition of R275 binding
to CD4 on the cell surface (Fig. 6B). Therefore, we further analyzed
the epitope expressed by human OKT4-non-reactive CD4* T cells
recognized by R275. A single aa mutation (at aa 265) abrogated
the binding of OKT4 mAb (Lederman et al. 1991). R275 staining
of CD4* T cells isolated from OKT4 epitope-positive and -negative
individuals was then examined. The results showed that R275
only weakly recognized OKT4 non-reactive CD4* T cells (Fig. 6C),
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Fig. 5. Effect of the mAbs on membrane fusion. The effects on membrane fusion
were measured using the spGFP system. (A) The green fluorescent foci with HcRed
signals were counted in the total culture (1 x 10° cells) from each group after 6h
and (B) 12 h. (C) Membrane fusion was measured using the split fusion assay. The
positive controls were soluble CD4 (10 pg/ml) and Leu3a mAb. These results are
representative of three independent experiments.

indicating that the R275 epitope may not be identical to, but closely
associated with, the OKT4 epitope on the D3 region.

Neutralizing activity in the HIV-1 infection assay

The neutralizing activity of the mAbs was measured by using
a pseudovirus assay incorporating MAGI-CCR5 cells (Maeda et al.
2000, 2008) (Fig. 7A). None of the anti-vFC mAbs (F12-1, F13-6, or
F18-4) inhibited viral infection when compared with the anti-Env
mAb, G2-25. None of the mAbs directed against the extracellu-
lar domain of CD4 (other than the D1 and D2 regions) showed
virus neutralization activity, apart from R275, which recognized
the native form of the extracellular region of CD4 expressed on the
surface of CD4-transfectants (Fig. 7B).

Only Leu3a (which binds to the D1 region) and R275 showed
marked inhibition of viral infection comparable to that of solu-
ble CD4. No other anti-D3 mAb showed such inhibition; indeed,
R210 and B211 occasionally enhanced infectivity. Similarly, F12-1,
F13-6, and F18-4 appeared to enhance viral infection. The molec-
ular mechanisms underlying these adverse effects are unclear;
therefore, careful investigation of these effects is needed if the pre-
vention of viral infection is to be a specific target for AIDS vaccines.

The ICsq for viral infection of TZM-bl cells showed that R275
inhibited the infectivity of NL43 (clade B), 89.6 (clade B), and
Indie-C1 (clade C) viruses (each displaying different CXCR4/CCR5
usage) at doses of around 10 pg/ml; however, it was less effective
against BaL (clade B), which is resistant to soluble CD4-mediated
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Fig. 6. Analysis of the R275 epitope. CD4-transfectants were treated with NalO4 and stained with R240 or R275. (A) NalO4, which destroys the antigenicity of sugar epitopes,
did not result in marked changes in R275 binding. (B) Cross-inhibition using known mAbs showed that OKT4 (directed against the D3 region) inhibited the binding of R275,
but not binding of the other mAbs. (C) OKT4-negative individuals showed decreased expression of the R275 epitope on T cells. These results are representative of three

independent experiments.

prevention (Fig. 7C). These results highlight the relative breadth of
anti-viral infection activity.

Discussion

R275 showed marked neutralization activity (65-80% inhibi-
tion) in the in vitro pseudovirus infection assay at a dose of
0.5 p.g, but this effect did not reach 100%, even when the dose
was increased to 50 pg (Fig. 7B). This suggests that viral infection
proceeds through a complex formed via structural changes at the
different interaction sites. R275 epitopes (other than the D1 and D2
regions) are globally expressed on the surface of the CD4 molecule,
and may participate in the crucial process of vFC formation during
membrane fusion and affect viral infection.

Aprevious report by Healey et al. (1990) showed that mAb Q425,
which recognizes a 249-252 aa region within the D3 region of CD4,
showed broadly neutralizing activity and the supposed inhibition
of membrane fusion. The D3 region of CD4 is not involved in the
initial interaction with either gp120 or MHC class I, but may be
involved in the subsequent process of membrane fusion. The data
presented in this study, along with those for Q425, provide valuable
information regarding the very early stages of membrane fusion
after theinitial interaction between Env and CD4. A crystallographic
model reported by Wu and colleagues shows that the R275 epitope
is also confined to the D3 region of CD4 based on the information
of OKT4-recognition region spanning 265 aa (Wu et al. 1997).

Vaccination with high-affinity Abs against HIV-1 will provide
efficient protection against virus infection and augment immune
responses. Several challenging studies show that mAbs specific for
vFC epitopes can be generated, and that they are able to prevent
virus infection. The epitopes recognized by such mAbs presumably
reside within the region(s) critical for the membrane fusion and,
therefore, are expected to be less mutated during treatment. In this
study, we attempted to examine whether such unique antigenic
epitopes are in fact generated within the vFC complex during mem-
brane fusion. By visualizing the appearance of the vFC, we obtained
three mAbs that selectively recognize epitopes on the vFC-like
structure, which appear at different time points during membrane
fusion and may affect the exposure of CD4 epitope (Fig. 4). How-
ever, all three mAbs recognized epitopes that appear during the
later stages of membrane fusion and, therefore, they are expected to
be less effective at preventing this process, and to have little effect
on viral infection. In contrast, a mAb recognizing the D3 region of
CD4 appeared to be effective at inhibiting both membrane fusion
and viral infection. The D3 region may interact with the Env pro-
tein during membrane fusion, resulting in dynamic alterations in
the trimer complex. Alternatively, the mAb binding to the region in
VFC other than the CD4 D1 region may cause changes of the trimer
complex involved in virus infection as proposed in a model with
anti-env 17b mAb (Pancera et al., 2010). Interestingly, the interac-
tion between the F12-1 or F18-4 epitopes and the D3 OKT4 epitope
of CD4 might generate potential targets for the prevention of
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Fig. 7. Effect of the mAbs on viral infectivity. (A and B) Inhibition of virus infection
by the purified mAbs was measured using a pseudovirus infection assay. The effect
was compared with that of a control mAb directed against the V3-epitope of NL43
Env (G2-25). The p value was compared for the neutralizing activity between iso-
type control mouse IgG and anti-vFC mAbs, anti-CD4 mAbs or the G2-25 mAb using
Student’s t-test. *p < 0.01. (C) Virus neutralization of R275 was measured using vari-
ous clades of HIV-1. IC50 value was determined. These results are representative of
three independent experiments.

membrane fusion and viral neutralization. The mAbs described
in the present study may distinguish and define the epitopes
appearing during the process of membrane fusion and provide
an opportunity for preventing viral infection. Taken together, the
results of this study will contribute to the future design of effective
HIV vaccines.
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Abstract

Background To evaluate a broad-range real-time poly-
merase chain reaction (PCR) targeting the bacterial 16S
rRNA gene for detection of bacterial DNA in infectious
endophthalmitis.

Methods The bacterial 16S rRNA gene was measured by
quantitative real-time PCR. For the assay, bacterial DNA
was prepared from 12 Gram-positive and 4 Gram-negative
strains. To determine the optimum method for DNA
extraction, four extraction procedures were selected by
using DNA extraction program cards with and without the
use of lysozyme. To evaluate PCR sensitivity, PCR frag-
ments were amplified from Staphylococcus aureus and
Escherichia coli DNA.

Results DNA extraction using the Bacteria card® without
enzymes resulted in detection of all the tested strains at
concentrations >107 copies/mL. Extraction with the
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Bacteria card® with lysozyme resulted in detection of all
the tested strains at concentrations 2106 copies/mL,
indicative of no significant difference between the two
procedures. DNA extraction using the Virus card®, both
with and without enzymes, resulted in reduced efficiency of
detection of all strains compared with use of the Bacteria
card®. The PCR could detect as few as 1-10 colony-
forming units (CFU) in diluted vitreous samples per reac-
tion, and all tested bacterial species known to cause
endophthalmitis were detected.

Conclusions Bacterial 16S-specific PCR can compre-
hensively detect the main causative bacteria of clinically
suspected endophthalmitis.

Keywords Endophthalmitis - Bacteria -
Polymerase chain reaction

Introduction

Infectious bacterial endophthalmitis can result both from
exogenous infections, for example exposure to infectious
agents, trauma, and intraocular surgery, and endogenous
infections, for example systemic infectious disorders. It is
often difficult to differentiate between inflammation in
ocular inflammatory disorders, for example infectious
endophthalmitis caused by non-infectious and infectious
agents. The standard for diagnosis of invasive bacterial
infections used to be microscopic examination and con-
ventional bacterial culture. Although microscopic exami-
nation is rapid, the smear test requires a relatively large
concentration of bacteria, >10* colony-forming units
(CFU)/mL, to give a positive result [1]. Moreover, identi-
fication based solely on morphology is often not possible.
Bacterial cultures are often used for differential diagnosis,
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but there are several disadvantages, for example cultivation
time (2472 h) and low sensitivity. Inappropriate treatment
because of misdiagnosis of infectious endophthalmitis can
result in severe tissue damage and vision loss. Because of
the difficulty of making proper diagnoses on the basis of
the small amounts of ocular samples available, there is a
need to consider the collection and preservation of clinical
samples, including bacterial DNA, available for diagnostic
use. Moreover, some cases involve rapid progression of the
ocular infectious disease; therefore, accurate, rapid and
comprehensive diagnosis is of great importance.

Polymerase chain reaction (PCR) is used for detection of
bacteria in suspected intraocular infections [2—4]. Bacterial
PCR is a diagnostic tool that can be used for detection in
intraocular specimens, and can be used as an alternative
tool for subsequent examination of specimens found to be
bacteriologically negative by use of conventional methods,
for example cultures and smear tests. Several studies report
the presence of the bacterial ribosomal RNA gene (16S
rRNA gene) in ocular fluid from patients with infectious
endophthalmitis [2-4]. This broad-range PCR can detect a
variety of bacterial DNA by use of primers for conserved
regions [5, 6], and the combination of broad-range PCR
and quantitative PCR for infectious bacterial endophthal-
mitis is now available [4]. Real-time PCR enables quanti-
fication of bacterial loads in a sample. However, the
efficiency of extraction of bacterial DNA from ocular fluid
by use of a robotic extraction machine is not yet estab-
lished. Therefore, establishment of a precise extraction
procedure is needed for diagnostic clinical use. In addition,
broad-range real-time PCR assays are rarely designed to
identify bacterial DNA in clinical samples and are not
widely used for ophthalmologic diagnosis.

The objectives of this study using broad-range real-time
PCR assays were:

1. to determine optimum methods of DNA extraction;
2. to evaluate the sensitivity of the real-time PCR assay
in vitreous samples; and
" 3. to include and test several main causative agents of
infectious bacterial endophthalmitis.

Methods

This study was performed in accordance with the tenets of
the Declaration of Helsinki and approved by the Institutional
Ethics Committees of Tokyo Medical and Dental University.

Bacterial strains

Reference bacterial strains were provided by the National
Institute of Technology and Evaluation (NITE, Tokyo,
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Japan), the NITE Biological Resource Center (NBRC,
Chiba, Japan), the Research Institute for Microbial Dis-
eases (RIMD; Osaka University, Osaka, Japan), and the
Japan Collection of Microorganisms (JCM, Saitama,
Japan). Frequently reported pathogenic bacteria of.
endophthalmitis were tested, including 12 Gram-positive
strains:  Staphylococcus  aureus, methicillin-resistant
Staphylococcus aureus (MRSA), Staphylococcus epide-
rmidis, Streptococcus pyogenes, Streptococcus Sanguinis,
Streptococcus pneumoniae, Enterococcus faecalis, Cory-
nebacterium diphtheriae, Bacillus cereus, Clostridium
perfringens, Propionibacterium acnes, and Nocardia as-
teroides and 4 Gram-negative strains: Escherichia coli,
Klebsiella pneumoniae, Pseudomonas aeruginosa, and
Moraxella lacunata [7-14].

Before PCR assay, S. aureus and S. epidermidis strains
were cultured in Trypticase soy broth (Difco; BD Diagnostic
Systems, Sparks, MD, USA). S. pyogenes and S. sanguinis
strains were cultured in Todd Hewitt broth (Difco) contain-
ing 2 % yeast extract (Difco). E. coli and B. cereus strains
were cultured in LB broth (Nacalai Tesque, Kyoto, Japan).
The K. pneumoniae strain was cultured in nutrient broth
(Difco). All bacterial strains were grown until the mid-log
phase at 37 °C. Bacterial cells were washed twice with PBS,
and then re-suspended in PBS at appropriate concentrations.
The remaining strains were dissolved in physiological salt
solution without culture.

DNA extraction

DNA extraction was performed using a DNA extraction
card (Qiagen EZ1 Advanced card; Bacteria card® or Virus
card®; Qiagen, Valencia, CA, USA) and a DNA Kit
(Qiagen DNA tissue kit or Qiagen Virus Mini kit; Qiagen)
installed on a robotic workstation set for automated puri-
fication of nucleic acids (BioRobot E21, Qiagen). Four
extraction procedures were used, as follows:

Sample preparation:
bacterial culture 180 pl
+ nuclease-free water

20 pl, and extraction
method: Bacteria

card® + DNA tissue kit
Sample preparation:
bacterial culture

180 pl + lysozyme 20 pl
(50 mg/ml, Nacalai
Tesque), and extraction
method: Bacteria

card® + DNA tissue kit.
Bacterial cultures were
pretreated with lysozyme

DNA extraction procedure I

DNA extraction procedure II
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and incubated for 30 min
at 37 °C

Sample preparation:
bacterial culture

180 pl + nuclease free
water 20 pl, and
extraction method: Virus
card® + Virus Mini kit
Sample preparation:
bacterial culture

180 pl + lysozyme 20 pl
(50 mg/ml; incubation for
30 min at 37 °C), and
extraction method: Virus
card® + Virus Mini kit

DNA extraction procedure III

DNA extraction procedure IV

After DNA extraction, the DNA concentration was
measured by use of the Nano drop 2000 (Thermo Fisher
Scientific, Waltham, MA, USA), using between 1 and
10 ng/mL bacterial DNA.

Real-time PCR

The primer pairs and TaqgMan probe for conserved bacte-
rial 16S rRNA genes and PCR conditions were as described
elsewhere [5]. The sense primer (Bac349F) was 5'-AGG
CAGCAGTDRGGAAT-3’, the antisense primer (Bac
806R) was 5'-GGACTACYVGGGTATCTAAT-3', and the
TagMan probe was 5-FAM-TGCCAG CAGCCGCGG
TAATACRDAG-TAMRA-3'. The products were subjected
to 45 cycles of PCR amplification (<500 bp), with cycling
conditions set at 95 °C for 10 min, followed by 45 cycles at
95 °C for 15 s and 60 °C for 1 min. The real-time PCR
was performed using Amplitaq Gold (Applied Biosystems,
Foster City, CA, USA) and the Light Cycler 480 II system
(Roche, Rotkreuz, Switzerland). Data analysis was per-
formed by using the program of absolute quantification by
the Second Derivative Maximum Method installed in Light
Cycler 480 II. Standard curves were constructed from serial
tenfold dilutions of linearized plasmid DNA as in our
previous report [4].

Sensitivity of real-time PCR assay

After informed consent had been obtained, vitreous fluid
was collected from 11 patients who received vitreous sur-
gery for non-infectious eye diseases, for example rheg-
matogenous retinal detachment, macular edema by branch
retinal vein occlusion, and proliferative diabetic retinopa-
thy,. The vitreous samples were diluted threefold with
saline before use as a bacterial dilution. The vitreous fluids
were centrifuged at 20,000xg for 10 min, then the cell
pellets were removed.

To evaluate the sensitivity of the real-time PCR assay,
bacterial cell numbers were determined by optical density
measurements at 600 nm (ODgg) in the mid-log phase, and
serial dilutions of bacterial culture were plated on the
appropriate agar plates, then colony numbers were deter-
mined on agar plates. For example, the cell number of E. coli
at ODggo = 1.0 was determined to be 8 x 10® CFU/mL,
and the cell number of S. aureus at ODgyy = 1.0 was
determined to be 4 x 10°® CFU/mL.

200 pl of a tenfold dilution series from 2.5 x 107 CFU/
mL to 2.5 x 10" CFU/mL of S. aureus and E. coli bacterial
culture were centrifuged at 20,000x g for 10 min, and pel-
leted bacteria samples were re-suspended in the same
amount of diluted vitreous samples. The bacterial DNA was
extracted from 50 pl, from 200 pl of diluted vitreous sample
and bacterial pellet, and 10 pl (equivalent to 10° CFU/PCR
tube to 10° CFU/PCR tube) of 50 pl bacterial DNA was used
in PCR reactions. The diluted vitreous samples without
bacterial cells were used as a negative control.

Results

Analytical sensitivity of broad-range real-time PCR
in relation to the four DNA extraction procedures

Four DNA extraction procedures (I-IV) were compared
and analyzed. As described in Table 1, the analytical sen-
sitivity of the broad-range real-time PCR was assessed by
use of seven representative bacterial strains including five
Gram-positive strains (S. aureus, S. epidermidis, S. pyoge-
nes, S. sanguinis, and B. cereus) and two Gram-negative
strains (E. coli and K. pneumoniae). For negative control
samples levels were undetectable for all extraction meth-
ods. DNA extraction using Bacteria card® without
enzymes resulted in the detection at concentrations of
<107 copies/mL. for all strains. Extraction with the Bac-
teria card® with lysozyme detected concentrations of
5106 copies/mL, indicating there was no significant dif-
ference between the two procedures (Table 1). In contrast,
DNA extraction with the Virus card® both with and with-
out enzymes resulted in the detection of 10*-~10% copies/
mL for all strains, which was much less than the detection
obtained with the Bacteria card®. Therefore, procedures
using Bacteria card® could be used to treat samples of
clinically suspected infectious endophthalmitis. In addi-
tion, lysozyme treatment is not needed even for detection
of Gram-positive bacteria in ocular samples.

Sensitivity of the PCR assay for vitreous samples

PCR results for the prepared vitreous samples showed
sensitivity of detection was highest for S. aureus bacterial
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Table 1 Summary of the analytical sensitivity of broad-range real-time PCR assays in relation to DNA extraction methods

Strain Number of bacteria DNA (copies/mL)
Procedure 1 Procedure II Procedure IIT Procedure IV
Gram-positive strains
Staphylococcus aureus 108 107 10° 107
Staphylococcus epidermidis 108 108 108 108
Streptococcus pyogenes 107 108 10* 10’
Streptococcus sanguinis 107 108 108 108
Bacillus cereus 108 10° 107 107
Gram-negative strains
Escherichia coli 107 108 107 10°
Klebsiella pneumoniae 107 107 10° 108
Negative control <10 <10 <10 <10

DNA extraction procedure I: sample: bacterial culture 180 pl + nuclease-free water 20 p, and extraction method: Bacteria card® 4+ DNA tissue
kit. procedure II: sample: bacterial culture 180 pl + lysozyme 20 pl, and extraction method: Bacteria card® + DNA tissue kit. procedure III:
Sample: bacterial culture 180 pl + nuclease free water 20 pl, and extraction method: Virus card® 4+ Virus Mini kit. procedure IV: sample:
bacterial culture 180 pl + lysozyme 20 pl, and extraction method: Virus card® + Virus Mini kit

a 4o -

—e-— S. aureus

25

Ct value

20 4

100 10 102 108 10¢ 108 108
CFU per PCR

b 4 -
—&— E. coli
35 A
30 J
o
=
[
>
5 25
20 A
15
10
100 10! 102 108 104 10% 108
CFU per PCR

Fig. 1 Analytical detection ranges and sensitivities of a broad-range real-time PCR assay in diluted vitreous samples. a Detection of S. aureus.
b Detection of E. coli. Results shown are the means and standard deviations of three independent experiments

DNA (concentration >10' CFU per PCR; Fig. 1a). There
was no detection in the negative controls of nuclease-free
water. PCR of vitreous sample mixed with E. coli resulted
in C, values similar to those for S. aureus, i.e., concentra-
tion of 10° per PCR (Fig. 1b), and there was no detection in
the negative controls.

Detection of bacterial DNA of the main causative
agents of infectious endophthalmitis by broad-range
real-time PCR

For the assay, bacterial DNA was extracted from 200 pl
bacterial culture using DNA extraction procedure I. Use of

@ Springer

DNA extraction with the Bacteria card® without enzymes
and broad-range real-time PCR assay resulted in the
detection of concentrations between 5.8 x 10° and
3.5 x 10° copies/mL for all 16 strains. There was no
detection in the negative controls of nuclease-free water.
Results are shown in Table 2.

Discussion
In this study, we evaluated a broad-range real-time PCR

targeting bacterial 16S rRNA genes for detection of bacte-
rial DNA in ocular samples of infectious endophthalmitis.
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Table 2 Broad-range real-time
PCR detection of bacterial DNA

in main causative agents of
infectious endophthalmitis

Levels were undetectable in the
negative control sample
(<10 copies/mL) on PCR assay

MRSA methicillin-resistant

Strain Clone no. DNA (ng/mL) C, value Copies/mL

Gram-positive strains
Staphylococcus aureus NBRC12732 73 28.7 1.3 x 10*
MRSA JCMB702 7.0 29.1 1.0 x 10*
Staphylococcus epidermidis JICM2414 6.0 279 1.7 x 10*
Streptococcus pyogenes RIMD 3123004 72 28.0 1.6 x 10*
Streptococcus sanguinis JCM5708 3.6 29.1 9.7 x 10°
Streptococcus pneumoniae NBRC102642 8.2 25.7 9.4 x 10*
Enterococcus faecalis JCM20313 2.0 24.0 1.1 x 10°
Corynebacterium diphtheriae JCM1310 44 25.2 6.1 x 10*
Bacillus cereus JCM20266 4.9 26.8 2.9 x 10*
Clostridium perfringens JCM1290 6.1 29.9 5.8 x 10°
Propionibacterium acnes JCM6425 14 28.3 1.5 x 10*
Nocardia asteroides NBRC14403 8.0 28.7 1.3 x 10*

Gram-negative strains
Escherichia coli JCM20135 8.7 232 1.5 x 10°
Klebsiella pneumoniae JCM1662 7.5 26.8 2.9 x 10*
Pseudomonas aeruginosa JCM6425 5.6 23.7 3.5 x 10°
Moraxella lacunata JCM20914 32 25.8 8.9 x 10*

Staphylococcus aureus

Using this broad-range PCR, we are able to measure
amplification of the bacteria 16S target ribosomal RNA
genes. To detect different bacterial species, we choose the
PCR primers and probe which were constructed within the
conserved region of bacterial 16s ribosomal RNA. We
evaluated four DNA extraction procedures used for broad-
range real-time PCR assays in the detection of bacterial
DNA. The broad-range real-time PCR described herein
detected as few as 1-10 CFU in diluted vitreous per reac-
tion. In addition, the bacterial 16S-specific broad-range
real-time PCR assay could detect the presence of 16 caus-
ative bacterial species of infectious endophthalmitis. Thus,
the broad-range real-time PCR could comprehensively
detect the main causative bacteria in suspected infectious
endophthalmitis cases.

The appropriate DNA extraction procedure for verifi-
cation of bacterial infection by PCR is still controversial.
Most studies of broad-range real-time PCR for bacterial
infection detection have reported use of commercial kits,
enzyme treatment, freezing and thawing or boiling,
mechanical disruption, or a combination of these methods
[6, 15-17]. In general, pretreatment using bactericidal
enzyme is needed for bacterial cell-wall destruction, and
several investigators report the presence of lysozyme
resistance in Gram-negative bacteria species such as E. coli
[18] and P. aeruginosa [18], and Gram-positive bacteria
such as S. pneumonia [19]. However, this study found no
significant difference between use of the Bacteria card®
procedure and the Bacteria card® plus lysozyme-pretreat-
ment procedure for extraction of DNA from the samples.

The reasons for this are not clear, but it is assumed it may
depend on:

1. the kind of enzyme used; and
2. which bacteria species are treated.

Thus, a combination of several enzyme treatments
should be tried whenever possible.

Diagnosis of ocular infectious diseases, including bac-
terial endophthalmitis and other forms of ocular inflam-
matory diseases, is often difficult because of the difficulty
in obtaining results from the small amounts of ocular
samples, extracted from aqueous humor and vitreous fluids,
available. There are insufficient amounts of the samples to
enable PCR testing and additional examination to deter-
mine whether the infectious antigens causing the ocular
inflammatory diseases are from a bacterial, viral, fungal, or
parasitic infection.

In this study, we conducted various DNA extraction
procedures to determine the best DNA extraction method.
Compared with the use of the Virus card®, DNA extraction
using the Bacteria card® had higher detection efficiency for
all the representative strains tested. DNA extraction per-
formed with the Virus card® detected bacterial DNA, but
was not as efficient for strains that have a thick cell wall
and a capsule, for example S. aureus, S. pyogenes, and
K. pneumoniae. Thus, DNA extraction with the Bacteria
card® should be considered for detection of clinically
suspected intraocular bacterial infection.

The minimum detection limits of our broad-range real-
time PCR assay after DNA extraction using the Bacteria
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card® without enzymes was between 10° and 10° CFU per
PCR for the bacterial species investigated. The PCR results
from the prepared vitreous sample had the best sensitivity
for detection of selected bacterial DNA, for example
S. aureus and E. coli at concentrations of >10°-10" CFU
per PCR. Zucol et al. [6] report that the sensitivity of their
broad-range real-time PCR assay targeting the bacterial
16S rRNA gene was a concentration of >10* CFU per PCR
for detection of S. aureus and a concentration of >10*> CFU
per PCR for detection of E. coli. In addition, the minimum
detection limits for S. aureus and E. coli were determined
to be in the range 10-10° CFU or CFU equivalents per
PCR. Thus, the minimum detection limit of our PCR assay
is among the lowest reported so far for these two bacterial
species.

In a previous report by Vollmer et al. [20], serum and
urine samples were shown to have at least an equal effect on
the Ct values, whereas blood and tracheal secretion samples
had stronger effects. They suggest that the delayed C, values
of blood sample (EDTA-anti-coagulated) are mainly
affected by background human DNA, whereas the viscous
character of samples primarily affected the C, values of
tracheal secretion samples. Because our vitreous samples
included less human DNA and the diluted sample was
actually non-viscous, detection of bacterial DNA from
prepared vitreous samples was shown to be highly sensitive.

Recently, we reported that broad-range real-time PCR of
the bacterial 16S rRNA gene is a useful tool for clinically
diagnosing suspected bacterial endophthalmitis [4]. In an
earlier clinical study, we successfully detected bacterial
16S DNA in all cases of bacterial endophthalmitis
(n = 18), with the exception of one patient. The single
PCR-negative patient was suspected of having infectious
endophthalmitis but had no bacteria in his ocular sample;
K. pneumoniae was detected by biopsy culture of liver
infection. However, as described in this study, our bacterial
16S-specific broad-range real-time PCR can detect candi-
date bacterial DNA including K. prneumoniae (Table 2).
K. pneumoniae is a common cause of endogenous infec-
tious endophthalmitis, a disease that frequently results in
poor vision. K. pneumoniae endophthalmitis is strongly
associated with the presence of liver abscesses and an
underlying diabetic condition. We collected aqueous
humor samples from the patient after informed consent had
been obtained. Had a vitreous sample also been obtained,
we might have been able to detect the bacterial DNA,
because K. pneumoniae-associated endophthalmitis often
results from hematogenous dissemination. To make an
accurate diagnosis, sample preparation of clinical speci-
mens is very important. A vitreous or retinal biopsy sample
should be collected in such cases because inflammation
often occurs in the subretinal area around the choroid
because of endogenous infections.
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In conclusion, we were able to use a broad-range real-
time PCR method to measure the amplification of target
ribosomal RNA genes, for example the bacterial 16S rRNA
gene, indicating the suitability of this assay for screening
for increased levels of bacterial genes in samples. Impor-
tantly, these PCR assays may be used for detection of
candidate bacterial species that cause infectious endoph-
thalmitis. The detection limit of our real-time PCR assay is
one 16S rRNA gene copy per PCR. Thus, this PCR assay
enables rapid screening for bacterial infection in a variety
of clinical specimens from the eye.
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Virological Analysis in Patients with Human Herpes Virus
6-Associated Ocular Inflammatory Disorders

Sunao Sugita,"*> Norio Shimizu,®> Ken Watanabe,> Manabu Ogawa,*> Kazuichi Maruyama,

Norio Usui,> and Manabu Mochizuki?

Pureost. To determine whether human herpes virus 6 (HHV-6)
genomic DNA and mRNA can be detected in ocular samples from
patients with inflammatory disorders, and whether viral replica-
tion is involved in the development of inflammation in the eye.

Mernops. After informed consent was obtained, ocular fluid
samples (aqueous humor and vitreous fluids) were collected
from 350 patients with uveitis or endophthalmitis. Corneal
samples were also collected from 65 patients with corneal
infections. Multiplex PCR was performed to screen ocular
samples from the patients for HHV-1 to HHV-8. Samples were
also assayed for HHV-6 DNA using quantitative real-time PCR.
Primers for nested RTFPCR were designed to detect amplifica-
tion of mRNA (HHV-6 A IE1 U90).

Resurrs. PCR results indicated a total of seven patients with
uveitis or endophthalmitis (7/350, 2% -+) and a single patient
with corneal inflammatory disease were positive for HHV-6
DNA (1/65, 1.5% +). These eight patients had high copy
numbers of HHV-6 DNA, with values ranging from 4.0 X 103 to
5.1 X 10° copies/mL. Real-time PCR analysis indicated that two
of these cases were HHV-6 variant A and six cases were variant
B. In addition, HHV-6 mRNA was clearly detected in vitreous
celis collected from one of the patients, suggesting that viral
replication may occur in the eye.

ConcLusions. Our results indicate that HHV-6 infection/
reactivation is implicated in ocular inflammatory diseases.
(www.umin.ac.jp/ctr/index/htm number, R000002708.) (I7n-
vest Opbthalmol Vis Sci. 2012;53:4692-4698) DOI:10.1167/
iovs.12-10095

H uman herpesvirus 6 (HHV-6) is the causative agent of
exanthema subitum in children and has been associated
with a2 number of inflammatory and neurological disorders
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worldwide. It has been implicated in hepatitis, pneumonitis,
and severe infections of the central nervous system in both
immunosuppressed and immunocompetent patients. HHV-6
can reactivate from its latent form after primary infection. In
the case of eye diseases, it has been implicated in AIDS-
associated retinitis,!-3 uveitis,“® corneal inflammation,® and
optic neuropathy.!®-'2 Two variants of HHV-6 have been
identified. HHV-6A is less often associated with disease and has
a greater predilection for neural cells than HHV-6B.13 Although
HHV-6A DNA is frequently found in the nervous system of
infected adults, HHV-6B DNA is rarely present in ocular fluids,
although it is found in most documented primary HHV-6
infections.

Diagnosis of clinically relevant HHV-6 can be challenging
due to the high prevalence of infection and viral persistence.
Detection of viral nucleic acids may indicate active or latent
infections, depending on the clinical setting and specimens
tested. Quantitative PCR methods have been established to
detect active infections. Detection of HHV-6 DNA in plasma or
serum is indicative of active replication and is therefore more
directly interpretable.'%15 Using these PCR techniques, several
investigators previously reported that HHV-6 genomic DNA is
found in ocular inflammatory diseases, including infectious
uveitis and endophthalmitis'-8; however, involvement of HHV-
6 in ocular infections has not yet been clearly demonstrated.

Therefore, we designed experiments to investigate whether
ocular samples from patients with various ocular inflammatory
disorders contain HHV-6 genomic DNA, whether ocular
samples from noninflammatory patients also contain HHV-6
DNA, whether positive cases are either HHV-6 variant A or B,
and whether HHV-6 mRNA as well as a high copy numbers of
HHV-6 DNA can be detected in positive samples.

MATERIALS AND METHODS

Subjects

The first patient group was examined between 2006 and 2010 at the
Tokyo Medical and Dental University Hospital, Kyoto Prefectural
University Hospital, and Shinkawabashi Hospital in Japan. After
informed consent was obtained, ocular fluid samples were collected
from patients with uveitis (infectious and noninfectious) or endoph-
thalmitis. This group included consecutive patients with uveijtis or
endophthalmitis (# = 350), including a previously HHV-6-positive
severe panuveitis case.” Corneal tissues were also collected from
patients with ocular surface diseases (e.g., keratitis, # = 65). At this
time, we excluded ocular tumor diseases (e.g., intraocular lymphoma)
from the patient group.

In addition to the patient group, we also analyzed samples from a
control group. A total of 100 samples (50 aqueous humor and 50
vitreous fluids) were collected from patients who did not have any type
of ocular inflammation (age-related cataract, macular edema, retinal

Investigative Ophthalmology & Visual Science, July 2012, Vol. 53, No. 8
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Ocular HHV HHV-6A

Case Sample Genome Viral Copy No. by Real-Time PCR or B Treatment

1 Agh HHV-6 HHV-6: 2.4 X 10°% copies/mL HHV-6A PSL, PPV, VCV, VGV
VF HHV-6, EBV HHV-6: 2.0 X 10%copies/mL, EBV: <50 copies/mL

2 Agh HHV-6, HSV-1 HHV-6: 7.5 X 103copies/mL, HSV-1: 2.8 X 105 copies/mL HHV-6B VGV

3 VF HHV-6 HHV-6: 5.1 X 106 copies/mL HHV-6B PPV, SA, IAI

4 VF HHV-6 HHV-6: 1.1 X 104 copies/mL HHV-6B PPV, VGV

5 VF HHV-6 HHV-6: 1.1 X 10° copies/mL HHV-6B PPV, SA, Betametasone

6 VF HHV-6, CMV HHV-6: 4.4 X 10% copies/mL, CMV: 1.6 X 10° copies/mL HHV-6A VGV

7 Agh HHV-6 HHV-6: 4.0 X 103 copies/mL HHV-6B None

8 Cornea HHV-6 HHV-6: 3.9 X 10° copies/ug - DNA HHV-6B Antibiotics

Agh, aqueous humor; JAI, intravitreal antibiotic injection; PPV, pars plana vitrectomy; PSL, prednisolone; SA, systemic antibitotics; VCV,

valacyclovir; VE vitreous fluids; VGV, valganciclovir.

ac.jp/ctr/index/htm with study number of R000002708. The study
started in April 2006 and terminated in April 2010.

PCR

DNA was extracted from samples using an E21 virus minikit (Qiagen,
Valencia, CA) installed on a robotic workstation for automated
purification of nucleic acids (BioRobot E21, Qiagen). HHV genomic
DNA in ocular samples was detected using two independent PCR
assays: a qualitative multiplex PCR and a quantitative real-time PCR.16

The multiplex PCR was designed to qualitatively measure genomic
DNA of eight human herpes viruses as follows: herpes simplex virus
type 1 (HSV-1), type 2 (HSV-2), Varicella-zoster virus (VZV), Epstein-Barr
virus (EBV), cytomegalovirus (CMV), and human herpes virus 6 (HHV-
6), 7 (HHV-7), and 8 (HHV-8). PCR was performed using a LightCycler
(Roche, Rotkrevz, Switzerland). Primers for HHV-6 were as follows:
Forward - ACCCGAGAGATGATTTTGCG and Reverse - GCAGAAGA-
CAGCAGCGAGAT. Probes were used as follows: 3'FITC-TAAG-
TAACCGTTTTCGTCCCA and LcRed705-5"-GGGTCATTTATGTTATAGA.
These primers and probes do not distinguish between HHV-6A and B.
PCR conditions, primers, and probes specific for other HHV have been
described previously.!”

Real-time PCR was performed for detection of HHV only, following
identification of genomic DNA by multiplex PCR. Real-time PCR was
performed using Amplitaq Gold and the Real-Time PCR 7300 system
(AB], Foster City, CA). The sequence of the HHV-6 primers and probes
are as follows: Forward - GACAATCACATGCCTGGATAATG and
Reverse - TGTAAGCGTGTGGTAATGTACTAA. The probe was AG-
CAGCTGGCGAAAAGTGCTGTGC. The primers and probes of other
herpes viruses and the PCR conditions have been described
previously.1617 These primers and probes do not distinguish between
HHV-6A and B. TagMan probes and primers used in the HHV-6 DNA
amplifications, HHV-6 type A and HHV-6 type B, are shown in Figure
1A. The value of viral copy number in the sample was considered to be
significant when more than 50 copies/mL were observed.

RT-PCR

The primers for nested RT-PCR were designed to detect mRNA (HHV-6
A IE1 U90 immediate early) as follows: first PCR Forward -
GATGAACGTATGCAAGACTACC and ATGAACATGGATTGTTGCTG
and Reverse - CAGCGGACTGAGCAGCTA; nested PCR Forward -
CCGATCCAATGATGGAAGAA and Reverse - CAGCGGACTGAGCAGC-
TA (Fig. 1B). A one-step RT-PCR was performed on 100 ng of total RNA
with 0.5 uM of each primer and SuperScript III One-Step RT-PCR with
platinum Taq (Life Technologies Co., Tokyo, Japan) in a final volume of
50 uL. Samples were reverse transcribed for 30 minutes at 54°C and
amplified for 40 cycles consisting of denaturation for 15 seconds at
94°C, annealing for 30 seconds at 54°C, and polymerization for 20
seconds at 72°C. Following identification of a PCR product of 340 bp,
nested PCR was performed on 1 pL of the first PCR solution using 0.5

UM of each primer and 200 mM deoxynucleotide triphosphates and
1.25 U of Taq DNA polymerase (Thermo Fisher Scientific, Tokyo,
Japan). Monoclonal antibody (anti-tag high: Toyobo Life Science,
Tokyo, Japan) was used at 0.25 pg in a buffer containing 75 mM Tris-
HCI (pH=8.8), 0.01% Tween-20, 20 mM (NH4),SOy, and 1.5 mM MgCl,
in a final volume of 50 pL. Twenty cycles of amplification consisting of
denaturation for 15 seconds at 94°C, annealing for 30 seconds at 55°C,
and polymerization for 15 seconds at 72°C were performed to give a
positive PCR product of 198 bp.

All ocular samples were tested for the presence of B-actin as an
internal control. B-Actin mRNA RT-PCR was performed on 100 ng of
total RNA with 0.5 pM each primer and SuperScript III One-Step RT-
PCR with platinum Taq in a final volume of 50 pL (Forward-
CTTCCTTCCTGGGCAT and Reverse-TCTTCATTGTGCTGGGT). Sam-
ples were reverse transcribed for 30 minutes at 55°C followed by 40
cycles of denaturation for 30 seconds at 94°C, annealing for 30 seconds
at 60°C, and polymerization for 1 minute at 72°C on a thermal cycler
TP-400 instrument (Takara Bio Inc., Tokyo, Japan). Raji cell lines were
used as a positive control, and MOLT*4 cells were used as a negative
control. PCR products were analyzed using 2% agarose gel electropho-
resis and ethidium bromide staining and the positive product was 215
bp.

ResuLrs

Detection of HHV-6 Genomic DNA in Patients with
Uveitis, Endophthalmitis, and Ocular Surface
Diseases

We first performed multiplex PCR to screen for 8 HHVs after
collecting intraocular samples from patients with various
ocular inflammatory diseases. PCR results indicated that 7
(2%) of 350 patients with uveitis or endophthalmitis were
positive for HHV-6 DNA. In addition, 1 (1.5%) of 65 patients
tested positive for HHV-6 in a corneal tissue sample. These
HHV-6-positive cases together with clinical findings are
summarized in Tables 1 and 2. These eight HHV-6-positive
patients were clinically suspected to have HHV-6-associated
infectious diseases based on the detection of HHV-6 genome in
ocular fluid or corneal tissue samples. HHV-6 DNA was not
detected in any of the 100 control samples that were collected
from patients without ocular inflammation.

The clinical features observed in HHV-6-positive cases at
their initial presentation are summarized in Table 1. Almost all
of the patients with uveitis and endophthalmitis had active
ocular inflammation, that is, there were anterior chamber cells
(except case 6), keratic precipitates (except cases 4 and 6),
vitreous opacity (except cases 2 and 7), and fresh retinal
exudates/necrosis (except cases 2, 4, and 7). In the single
patient with HHV-6* keratitis (case 8 in Table 1), corneal
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A

Ficure 2. Slitlamp and fundus photographs for HHV-6 infections. (A)
Case 1: A case of ocular toxocariasis. Slit-lamp examination of right eye
(RE) disclosed ciliary injection, moderate mutton-fat keratic precipi-
tates (KPs), and severe anterior chamber cells with hypopyon (arrow).
Funduscopic examination of the RE revealed dense vitreous opacities
and yellowish white massive retinal lesions (arrow) in the peripheral
fundus. HHV-6 DNA was detected in both aqueous humor and vitreous
samples. (B) Case 2: A case of HSV-1-associated corneal endotheliitis.
Slitlamp examination of left eye (LE) disclosed pigmented mutton-fat-
like KPs with high intraocular pressure, mild anterior chamber cells,
and small-size corneal stromal edema (@rrow). HSV-1 and HHV-6 DNA
were detected in aqueous humor, but other HHV-DNA, such as VZV
and CMV, was not detected. (C) Case 4: A case of late postoperative
endophthalmitis. This patient with Vogt-Koyanagi-Harada disease had
postcataract surgery 6 months earlier. Slitlamp examination of RE
disclosed ciliary injection and mild anterior chamber cells. White
plaque (arrow) on the intraocular lens and mild inflammation were
seen, and an aqueous humor sample was obtained. HHV-6 DNA and
Propionibacterium acnes DNA were detected in the aqueous humor
sample. The final diagnosis was P acnes-associated late postoperative
endophthalmitis. (D) Case 8: A case of bacterial keratitis. Slitlamp
examination of RE disclosed keratitis (arrow) with ciliary injection. A
corneal infiltration with epithelial defect was observed and a high copy
number of HHV-6 DNA was detected in corneal tissue samples.

Virological Analysis for HHV-6 in the Eye 4695

infection, such as corneal epithelial ulcer and ciliary injection,
was indicated. Representative findings including slitlamp or
fundus photographs for HHV-6-positive cases are shown in
Figure 2. In addition, ocular samples from all patients were
subjected to bacterial examinations, including conventional
bacterial culture and bacterial broad-range PCR (bacterial 16S
rDNA)!# (Table 1). The final diagnoses were as follows: case 1,
ocular toxocariasis; case 2, HSV-1 corneal endotheliitis; case 3,
endogenous endophthalmitis; case 4, late postoperative
endophthalmitis; case 5, acute postoperative endophthalmitis;
case 6, CMV retinitis; case 7, idiopathic uveitis; case 8, bacterial
keratitis (Table 1).

We next summarized the virological analysis of ocular
samples from these eight HHV-6-positive patients (3 aqueous
humor, 5 vitreous fluids, and 1 corneal tissue) in Table 2.
Multiplex PCR was used to detect HHV infection (HSV-1, HSV-
2, VZV, EBV, CMV, HHV-6, HHV-7, and HHV-8). HHV-6 was
found together with EBV (only case 1), HSV-1 (only case 2), or
CMV (only case 6). Figure 3 is representative of the results of
the multiplex PCR where HHV-6 DNA was detected in aqueous
and vitreous fluid from case 1. HHV DNA in nine ocular
samples from eight cases was also measured by real-time PCR.
These patients had high copy numbers of HHV-6 DNA, with
values ranging from 4.0 X 103 to 5.1 X 106 copies/mL (Table 2),
suggesting that viral replication may occur in the eye.
Following diagnosis, 4 patients received antiviral treatment
(i.e., valacyclovir or valganciclovir), which controlled their
ocular inflammation (Table 2).

Detection of HHV-6 Variant A or B in Patients with
HHV-6-Associated Ocular Inflammatory Disorders

HHV-6 can be classified into two groups: a variant A (HHV-6A)
and a variant B (HHV-6B).13 Distinguishing between HHV-6
subtypes is mainly accomplished using PCR techniques,
including melting curve'® or variant-specific primers.2® There-
fore, we next determined whether the HHV-6-positive cases
were HHV-6A or B using realtime PCR. In this study, we
designed a probe and primers for use in the HHV-6 DNA
amplification. The paired primers and TagMan probes used for
detection of HHV-6A and HHV-6B are shown in Figure 1A. By
using several different primers and probes, we were able to
detect each of these HHV-6 types separately (Fig. 1A). The PCR
results from case 1 showed that intraocular samples included
HHV-6A but not HHV-6B DNA (Fig. 4). Final analysis with
quantitative PCR indicated that two of the cases were positive
for HHV-6A and six cases were positive for HHV-6B (Table 2).

Detection of HHV-6 mRNA in Intraocular Samples

RT-PCR has previously been used on mRNA from peripheral
blood mononuclear cells to detect actively replicating virus.?!
We therefore tested ocular samples for the presence of HHV-6
mRNA. Various samples, such as aqueous humor, vitreous fluid,
retinal membrane tissues, and collected vitreous cells from an
HHV-6A-positive case (case 1), were available for the RTPCR
assay. We designed primers to amplify mRNA using a nested RT-
PCR (HHV-6 A IE1 U90, Fig. 1B). As revealed in Figure 5, HHV-
6A mRNA was clearly detected in vitreous cell samples, but
other ocular samples from the same patient were all negative.

DiscussioN

In this study, we demonstrate that seven patients with uveitis
or endophthalmitis were positive for HHV-6 DNA. In addition,
one patient with infectious keratitis was also found to be HHV-
6-positive. These patients had high copy numbers of HHV-6
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Ficure 3. Results for multiplex PCR in a patient with HHV-6-positive uveitis. A significant positive curve was seen at 52°C, indicating detection of
HHV-6 genomic DNA in the ocular fluids (case 1). DNA from other herpes viruses, such as HSV1, HSV2, VZV, EBV, CMV, HHV7, and HHVS, was not

detected in this sample.

DNA, and two cases were found to be HHV-6 type A and six
cases were type B. In addition, HHV-6 mRNA was detected in
intraocular samples from HHV-6-positive patients, suggesting
that viral replication or reactivation may occur in the eye.

Recently, Cohen et al.’ reported that HHV-6A DNA could be
detected by PCR in vitreous fluid from a patient with CMV-
associated retinitis when vitreous fluids were assayed from 101
patients with ocular inflammation for HHV-6A, HHV-6B, and
HHV-7. HHV-6B DNA was also detected in vitreous fluid from a
patient with idiopathic uveitis in the absence of CMV DNA.
This study suggests that HHV-6A and HHV-6B DNA are
detectable in approximately 1% of vitreous samples from
patients with ocular inflammation. In our study, we show that
HHV-6 DNA was detectable in 2% of ocular samples from
patients with intraocular inflammation following screening for
HHV-1 to -8 infection using multiplex PCR.

In a previous study,'® we found that intraocular HHV DNA
was detectable in a wide range of herpes virus-associated
uveitis cases when analysis was performed using multiplex
PCR. PCR is a valuable tool for the diagnosis of herpetic uveitis
and it is now possible to exclude nonherpetic uveitis patients
using this method. Moreover, de Boer et al.8 previously found
that in patients with herpetic anterior uveitis, PCR was more
frequently positive than the Goldmann-Witmer coefficient.
HHV-6 has been implicated in ocular inflammation, most
remarkably when the posterior segment of the eye was
affected.57-19-12 On the other hand, the role of HHV-6 as a
cause of anterior uveitis is inconclusive and further studies are
required. As revealed in this study, we found three cases of
anterior inflammatory diseases including keratitis and five
cases of pan- or posterior inflammatory diseases in the eye.
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Ficure 4. Detection of HHV-6 DNA by quantitative real-time PCR. The real-time PCR results for the samples from case 1 showed that intraocular
samples, such as aqueous humor and vitreous fluids, contained a high copy number of HHV-6A DNA, but not HHV-6B DNA.

— 282 —



IOVS, July 2012, Vol. 53, No. 8

M N 1 2

Virological Analysis for HHV-6 in the Eye 4697

4 5 6

B-actin

<198 bp
1 HHV-6A

M - 100 bp marker

1 - positive control cells
2 - negative control cells

3 - aqueous humor
N - negative control for PCR 4 - vitreous fluids

5 - retinal membrane
6 - vitreous cells

Ficure 5. Detection of HHV-6 mRNA in intraocular samples. HHV-6A mRNA was detected in samples from vitreous cells, but other ocular samples,
such as aqueous humor, vitreous fluids, and retinal membrane tissues were all negative (Jower image). All samples, including control RNA, were

positive for B-actin (upper image).

The detection of HHV-6 in the eye might not be clinically
relevant. HHV-6 can latently reside in cells of the lymphoid and
myeloid lineage and it may have entered the inflamed eye via
immune cells, similar to EBV and human immunodeficiency
virus.3?223 Thus, HHV-6 DNA has been detected in circulating
T cells, monocytes, and leukocytes and may simply have been
carried into the eyes in the inflammatory cells as a result of
destruction of the blood-retina barrier. Our data indicate that
most HHV-6 DNA in intraocular fluids of inflamed eyes might
be a consequence of the release of HHV-6 DNA from resident
ocular cells caused by intraocular inflammation. A high copy
number of HHV-6 DNA was detected in patients with severe
ocular inflammation, pan- or posterior uveitis, or endophthal-
mitis (Tables 1 and 2). This is supported by the findings of Arao
et al.,2¢ who showed that HHV-6 can infect human retinal
pigment epithelial cells.

We detected HHV-6 in only one patient with an ocular
surface inflammatory disorder. The patient was a young
healthy donor suffering from atopic dermatitis. Okuno et al.®
recently reported that 14 of 22 patients with corneal
inflammation were positive for HHV-6, suggesting that the
association of HHV-6 with disease was more frequent than with
other herpes viruses, such as HSV-1. Thus, HHV-6 may be
another sole causative agent of corneal inflammation.

HHV-6 reactivation frequently accompanies CMV reactiva-
tion,?® and the presence of HHV-6A DNA in the eye may simply
reflect the immunocompromised state of the patient. Case 6 in
this study was a patient with CMV retinitis who was also found
to be HHV-6A DNA-positive; however, with the exception of
this patient, our HHV-6 PCR-positive patients were neither
young nor immunosuppressed. We previously used multiplex
PCR to search for HHV-6 in ocular fluids from 100 patients
with uveitis and detected HHV-GA DNA in one patient with
severe unilateral uveitis (case 1).7 This patient’s ocular fluid
also contained antibodies to Toxocara canis larvae and we
finally diagnosed ocular toxocariasis and HHVG-related pan-
uveitis.” In this study, 7 patients were found to have other
infectious agents, including bacteria, other herpes viruses
@SV-1), and parasites (Toxocara); however, it is unclear
whether HHV-6 was the predominant pathogen. It is assumed
that HHV-6 infections play a secondary role in the pathogenesis
of ocular inflammation. Therefore, we tested intraocular
samples for the presence of HHV-6 mRNA. Additional tests
for HHV-6 RNA or protein in ocular tissues would have been

more definitive and provided evidence of HHV-6 replication.
We found HHV-6A mRNA and a high copy number of HHV-6
DNA in the same sample from a patient with ocular
toxocariasis (case 1). As far as we know, this is the first report
of detection of both HHV-6 DNA and mRNA in an ocular
sample. The RT-PCR assay can reliably differentiate between
latent and actively replicating HHV-6 and its use should allow
an insight into the pathogenesis of this ubiquitous virus as
previously reported.?!

In conclusion, ocular samples collected from patients with
infectious ocular disorders can contain a high copy number of
HHV-6 DNA. The HHV-6-positive case was found to have HHV-
6 DNA and mRNA in the inflamed eye. We are currently
conducting experiments to determine whether HHV-6 type A
and type B can infect ocular cells, such as retinal pigment
epithelium, in vitro. Infected ocular cells can produce
inflammatory cytokines and chemokines that differ from those
in normal uninfected cells.
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