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Abstract
Background Polymerase chain reaction (PCR) can be used to confirm or deny infectious ocular inflammation such as uveitis. 
The purpose of this article is to review the current practical use of PCR examination in ophthalmology, especially multiplex 
and broad-range PCR, and a novel PCR, termed Strip PCR.
Summary of contents At first, in the Introduction, we show the development of the PCR examination in ophthalmology. We 
next show the clinical applications of multiplex PCR and broad-range PCR. These advances in PCR continue to contribute 
greatly to the ophthalmology field. We also show how the sample for PCR is collected. Recently, we established a novel 
examination, a multiplex real-time PCR (Strip PCR) prototype for detecting 24 pathogens responsible for ocular infectious 
diseases. Moreover, we developed the Direct Strip PCR method, which skips the DNA extraction step in the procedure. This 
PCR is anticipated to ease etiologic evaluation, increasing pathogen detection in the intraocular fluids of uveitis patients 
even by general ophthalmologists. We also describe the following: (1) representative cases in which PCR is useful, (2) rep-
resentative cases in which PCR can exclude a diagnosis, (3) the current status of PCR in the diagnosis of infectious uveitis 
and advanced medical service, and (4) the prospects for clinical PCR in ophthalmology.
Conclusion We have established and developed the multiplex PCR, broad-range PCR, Strip PCR, and Direct Strip PCR 
methods and have reported the efficacy of such tests in multicenter studies. Our goal is “rapid and simple comprehensive 
PCR diagnosis anywhere and by anyone” for ocular infections.

Keywords Examination · Infections · Polymerase chain reaction · Uveitis

Introduction

Pathogen detection is important in the diagnosis and treat-
ment of ocular infections. However, pathogen detection is 
often difficult because of the small volume of specimens 
obtained from the ocular region. Therefore, a method to 
detect foreign antigens with high sensitivity and rapidity 
from a small number of specimens is required for the diag-
nosis of ocular infections in daily practice.

Polymerase chain reaction (PCR) is a method of amplify-
ing DNA by using DNA polymerase. In PCR methods, the 
synthesis reaction at a specific DNA site is induced using 
2 types of primers. Because DNA synthesis takes only a 
few minutes, the use of PCR is rapidly spreading. Recently, 
PCR diagnosis using local ocular specimens has become 
indispensable in the treatment of uveitis [1, 2]. PCR can be 
used to confirm or deny infectious uveitis, and PCR is often 
useful for viral keratitis, such as that caused by herpes sim-
plex virus, and for infectious intraocular inflammation, such 
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as that caused by bacteria or fungi. Recently, comprehensive 
PCR testing has become more common [1, 2].

Before the advent of PCR testing, which directly identi-
fies the viral genome, patients were diagnosed and treated 
only by local antibody production (Goldmann–Witmer coef-
ficient in the sample) or the ocular findings, or by both. For 
bacteria and fungi, culturing and microscopic examination 
(smear) are mainly used and remain the gold standard. How-
ever, culturing takes time in terms of obtaining the results 
and smears have a low detection rate. Moreover, the sen-
sitivities of these methods vary depending on the facility 
where they are performed.

The PCR method was developed approximately 35 years 
ago, and about 20 years ago PCR examination became 
widely used in the ophthalmology field. Initially, PCR was 
a test in which amplified gene products were poured into a 

gel for determination, and the entire process took 4–5 h to 
complete (Fig. 1a). In addition, because of the problem of 
trace specimens unique to ophthalmology, only 1–2 tests 
could be performed, making it difficult to say that it was a 
comprehensive test. Ten years have passed since the advent 
of “ophthalmic multiplex PCR,” which can test multiple 
microorganisms simultaneously on microspecimens of oph-
thalmology [2–4]. These tests were introduced, and their use 
became widespread in many facilities because they permit 
the testing of multiple items quickly and simultaneously. In 
addition, we have entered the era of multiplex PCR in which 
positive and negative results are graphically reviewed on a 
personal computer (Fig. 1b), as opposed to visualization by 
gel electrophoresis. Five years have passed since the launch 
of a new comprehensive PCR test kit, termed Strip PCR [5]. 
In Strip PCR, the reagent is solidified in a small tube, which 

Fig. 1  PCR results of cytomegalovirus (CMV)-associated uveitis. a 
Representative photographs of qualitative PCR results. Previously, 
PCR results were visualized using gel electrophoresis and consid-
ered to be positive if a band of the desired size was detected. In this 
representative image, the sample (vitreous humor) was CMV DNA-
positive because a band of approximately 346 bp in size was identi-
fied, which is the same size as that for the positive control (PC); NC 
negative control. b Representative graph of multiplex PCR results. 
Multiplex PCR results are determined by graph analysis. The probe 
is set to indicate a positive result for CMV DNA at a peak of approxi-
mately 62 °C in the melting curve graph. The specimen in this case 

(aqueous humor) was negative for several other viruses. This method 
is faster and simpler than gel electrophoresis because it eliminates the 
time and effort needed for gel making. c Representative graph of Strip 
PCR results. Strip PCR results are analyzed in a similar manner as 
multiplex PCR. In the first sample (sample 1: aqueous humor), the 
curve is elevated at the fluorescence for CMV, indicating a positive 
result for CMV DNA. Although it is a qualitative PCR, the Cp value 
(number of cycles acquired) also allows for semiquantitative quan-
tification (Cp value in this graph = 23.5). In another sample (sample 
2: aqueous humor), the curve was flat, indicated a negative result for 
CMV DNA
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makes the test simpler and more rapid (Fig. 1c). In addition, 
we conducted a multicenter collaborative study using Strip 
PCR and were able to increase the efficacy with high sensi-
tivity and specificity [6].

The first part of this article focuses on the clinical appli-
cations of multiplex PCR and broad-range PCR in ophthal-
mology, specimen collection for PCR, and the establishment 
of Strip PCR. The second part reviews representative cases 
in which PCR testing was useful, representative cases in 
which diagnosis of exclusion was made using PCR, the cur-
rent status of PCR coverage in the advanced medical ser-
vice system in Japan, and the prospects for clinical PCR 
in ophthalmology. In this article, we would like to provide 
useful information related to PCR testing in the diagnosis 
and treatment of uveitis.

Clinical applications of multiplex PCR 
in ophthalmology

Establishment of the first multiplex PCR for viral 
diagnosis

Recent advances in virology and molecular biology have 
led to the discovery of the involvement of viruses in dis-
eases of unknown cause in the field of ophthalmology. For 
example, a group found that acute retinal necrosis (also 
known as Kirisawa-type uveitis), whose cause was initially 
unknown, is caused by herpesviruses such as varicella-zoster 
virus (VZV) or by herpes simplex virus type 1 (HSV1) and 
HSV2 infection [7]. Subsequently, PCR testing made a major 
contribution to this diagnosis [3, 8–11]. As a result, acute 
retinal necrosis has been treated with antivirals and other 
therapies, which have made great progress, but it is still an 
intractable disease that cannot be completely avoided. One 
of the reasons for this is the difficulty of avoiding advanced 
retinal and optic nerve damage if diagnosis and the associ-
ated treatment are delayed. Many members have been iden-
tified in the Herpesviridae family, including cytomegalovi-
rus (CMV), mainly found in opportunistic infections (eg, 
AIDS); Epstein–Barr virus (EBV), often found in uveitis; 
and human herpesvirus types 6–8 (HHV6–8), poorly associ-
ated with ocular inflammatory diseases.

Therefore, we developed a multiplex PCR test for use in 
clinical practice. This multiplex PCR test includes HSV1 
(HHV1), HSV2 (HHV2), VZV (HHV3), EBV (HHV4), 
CMV (HHV5), HHV6, HHV7, and HHV8. In addition, we 
added BK virus (BKV, Polyomavirus family), JC virus (JCV, 
Polyomavirus family), and Parvovirus B19 (B19V, Parvovi-
rus family), which have recently attracted attention as causa-
tive pathogens of chronic infections. Thus, our multiplex 
PCR test was used to simultaneously screen for the above 11 
viruses by using a primer pool containing the virus-specific 

primers AccuPrime Taq (Invitrogen), and the LightCycler 
system (Roche). The 11 viruses were divided into 2 sets 
and tested simultaneously using 2 capillaries [3]. Hybridi-
zation probes and PCR products were then mixed and melt-
ing curve analysis was performed to detect the virus. An 
overview of the multiplex PCR test and its flow are shown 
in Fig. 2.

Multiplex PCR results in patients with acute retinal 
necrosis

In our previous study, multiplex PCR examination identified 
either HSV or VZV in 19 intraocular fluid samples from 
14 patients who were diagnosed with acute retinal necrosis 
on the basis of the clinical findings (Table 1). In particu-
lar, HSV1 (1/19, 5%), HSV2 (2/19, 11%), and VZV (16/19, 
84%) were detected. For other herpesviruses, EBV coinfec-
tion was found in 9 of 19 (47%) samples. Coinfection with 
CMV was found in 1 of 19 (5%) samples. The genomes 
of the remaining herpesviruses tested, HHV6–8, were not 
detected in any of the samples.

The findings for all the patients were also negative for 
BKV, JCV, and B19V, which are often detected in transplant 
patients, immunocompromised patients, and patients with 
chronic infections. In contrast, in the control uveitis group, 1 
patient with idiopathic uveitis had an aqueous humor sample 
that was VZV-positive (1/14, 7%) and 1 patient with sar-
coidosis had a vitreous fluid sample that was EBV-positive 
(1/14, 7%) [3]. No other viruses were detected. In addition, 
DNA from these herpesviruses was not detected in the sera 
of either acute retinal necrosis or control uveitis patients [3].

Interestingly, in that study, EBV DNA was also detected 
by use of qualitative PCR in about half of the patients tested. 
However, a high copy number EBV DNA was detected by 
use of quantitative PCR (qPCR) in only 1 case [3]. That is, 
even if EBV DNA was positive on qPCR, the majority of 
EBV DNA was below the limit of detection by qPCR. The 
intraocular viral load of EBV differs from those of VZV 
and HSV1/2, which are thought to be the etiologic agents 
of acute retinal necrosis, and the involvement of EBV DNA 
in this disease as an etiologic agent was thought to be low. 
Ongkosuwito et al. observed a high EBV DNA load in local 
ocular specimens from patients with uveitis with HIV-nega-
tive immunosuppressed status but considered the likelihood 
of EBV as a direct causative virus of uveitis to be low [12]. 
We also detected EBV DNA in the intraocular fluid samples 
from patients with uveitis [13]. We believe that EBV-DNA 
is detected in the intraocular fluid as a secondary factor. The 
reasons are as follows: (1) The EBV-DNA copy number is 
lower than the main cause. (2) The intraocular infiltrating 
B cells may retain EBV-DNA during inflammation. (3) It is 
considered that the intraocular tissue such as RPE cells is 
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destroyed during inflammation and that the EBV latent in the 
intraocular tissue may be released at that time.

Comparison of VZV levels using PCR analysis 
in vitreous and aqueous humor from patients 
with acute retinal necrosis

Eight vitreous humor and eight aqueous humor samples 
that were positive for VZV were grouped together and the 
viral load in the intraocular fluid was examined (Fig. 3a). 
The VZV viral load was significantly higher in the vitreous 
humor than in the aqueous humor, by > 106/mL (P = 0.0011). 
We also compared the viral loads of 5 patients who had both 

vitreous and aqueous humor samples available (Fig. 3b). In 
all the patients, the vitreous humor showed a higher viral 
load than that in the aqueous humor. These results suggest 
that viral infection occurs in the retina itself.

Diagnosis of Toxoplasma gondii using multiplex PCR

Toxoplasma gondii DNA was identified by use of multiplex 
PCR testing of the intraocular fluids from 11 of 13 patients 
diagnosed with ocular toxoplasmosis on the basis of the clin-
ical findings [14]. For the 2 remaining patients, they were 
in the inactive phase of the disease. Ocular toxoplasmosis 
with active uveitis could be diagnosed by means of PCR 

Fig. 2  Use of multiplex PCR for the analysis of pathogenic genomic 
DNA in ocular fluid from patients with uveitis. DNA was extracted 
from each sample, and multiplex PCR was performed to screen 
for infectious agents  using LightCycler capillaries. The  capillar-
ies  include PCR reaction buffer and probe buffer. After centrifuga-
tion, we analyzed the PCR melting curve data. At 55 °C, a significant 

positive curve was seen, indicating the detection of HSV1 genomic 
DNA in the aqueous humor.  This particular sample was nega-
tive for  other herpesviruses, such as HSV2, VZV, EBV, CMV, and 
HHV6–8.  When a positive result was observed, real-time PCR was 
subsequently performed to measure the viral load
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using either the aqueous or the vitreous humor, leading us 
to conclude that PCR examination is useful for this group of 
diseases. We recommend the collection of ocular fluids for 
the purposes of the diagnosis.

Clinical application of broad‑range qPCR 
in ophthalmology

Establishment of broad‑range qPCR for bacteria/
fungi

Recently, a new method of PCR application, termed broad-
range PCR, has been developed. Broad-range PCR targets 
ribosomal RNA (rRNA) genes that are conserved in different 
species, such as 16S rRNA in prokaryotes and 18S rRNA 
in eukaryotes. 16S rRNA (involved in protein synthesis of 
ribosomes in prokaryotes) and 18S or 28S rRNA (in the case 
of fungi) are among the most commonly used housekeep-
ing genes (Fig. 4). Using broad-range qPCR, we were able 
to rapidly detect bacteria and fungi in samples such as the 
aqueous and vitreous humors. In addition, qPCR can be used 
to quantify the bacterium/fungus, and gene sequencing can 
be performed to identify the bacterium/fungus. For example, 
the 16S rRNA gene in bacteria contains conserved regions 
common to all bacteria and nonconserved regions (vari-
able regions) that are species-specific (Fig. 4). Conserved 

Table 1  Summary of multiplex 
PCR results using ocular fluids 
from acute retinal necrosis 
patients

Reproduced from Sugita et al. [3] with permission
ARN acute retinal necrosis, AH aqueous humor, VF vitreous fluids

Case, Age, y, Sex Diagnosis Sample Results

HSV1 HSV2 VZV EBV CMV HHV6 HHV7 HHV8

Case 1, 82, F ARN VF (−) (−) (+) (−) (−) (−) (−) (−)
Case 2, 61, M ARN VF (−) (−) (+) (+) (−) (−) (−) (−)

ARN AH (−) (−) (+) (+) (−) (−) (−) (−)
Case 3, 27, F ARN VF (−) (+) (−) (−) (−) (−) (−) (−)
Case 4, 44, M ARN VF (−) (−) (+) (+) (−) (−) (−) (−)
Case 5, 39, M ARN VF (+) (−) (−) (+) (−) (−) (−) (−)
Case 6, 40, M ARN VF (−) (−) (+) (+) (−) (−) (−) (−)
Case 7, 70, F ARN VF (−) (−) (+) (+) (−) (−) (−) (−)

ARN AH (−) (−) (+) (−) (−) (−) (−) (−)
Case 8, 46, M ARN VF (−) (−) (+) (+) (−) (−) (−) (−)

ARN AH (−) (−) (+) (−) (−) (−) (−) (−)
Case 9, 42, M ARN VF (−) (−) (+) (−) (−) (−) (−) (−)

ARN AH (−) (−) (+) (+) (−) (−) (−) (−)
Case 10, 16, M ARN VF (−) (+) (−) (−) (−) (−) (−) (−)
Case 11, 68, M ARN VF (−) (−) (+) (−) (−) (−) (−) (−)

ARN AH (−) (−) (+) (−) (−) (−) (−) (−)
Case 12, 47, M ARN AH (−) (−) (+) (+) (+) (−) (−) (−)
Case 13, 55, F ARN AH (−) (−) (+) (−) (−) (−) (−) (−)
Case 14, 72, M ARN AH (−) (−) (+) (−) (−) (−) (−) (−)

Fig. 3  Comparison of viral load in vitreous and aqueous humor in 
patients with acute retinal necrosis. a The viral loads in VZV DNA-
positive vitreous humor (n = 8) and aqueous humor (n = 8) samples 
were summarized and compared. Viral load represents the number 
of viral copies (mean ± standard deviation) in each sample detected 
by use of real-time PCR. *P < 0.005, Mann–Whitney test. b The 
amounts of VZV in vitreous and aqueous humor samples from 
the same patients (5 cases: cases 2, 7–9, and 11) were compared. 
The viral load represents the number of viral copies in each sample 
detected by use of real-time PCR. *P < 0.05, Mann–Whitney test. 
Reproduced from Sugita et al. [3] with permission
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regions are targets for PCR primers, and variable regions are 
sequenced to identify the bacterium. In fact, this method can 
cover about 60% to 80% of the more than 30,000 bacterial 
species in the world, and it could become a very important 
test in clinical settings. We have established and developed 
broad-range qPCR for detecting bacteria and fungi in infec-
tious ocular diseases [15–17].

Method of broad‑range PCR testing

At our institution, we perform broad-range qPCR with the 
following flow of testing: DNA extraction with the DNA 
Mini Kit (Qiagen) and qPCR using the ABI 7300 system 
(Thermo Fisher Scientific). The PCR is designed with bacte-
rial 16S rRNA-specific primers and a TaqMan probe, and the 
PCR conditions are based on those of a previous report [18]. 
The detection sensitivity is set at 10 copies/mL and scored 
as follows: > 10 copies/mL, positive; 1–10 copies/mL, false 
positive; < 1 copy/mL, negative. During specimen collection 
and PCR, careful attention to bacterial and DNA contami-
nation (particularly, lab contamination) is needed. For PCR 
amplification of the 16S rRNA gene, about 500 bp of the 
first half of the 16S rRNA is analyzed using 25F primers, 

while the above PCR-positive samples with high copy 
numbers are subjected to blast analysis (BLAST search) 
for bacterial identification. The amplified PCR product is 
directly sequenced using the ABI analyzer and evaluated for 
homology with reference sequences using NCBI BLAST. 
Bacterial sequences with 100% homology (98–99% also 
acceptable) were identified. We also conducted sequenc-
ing analyses of 18S rRNAs from Candida and Aspergillus 
species, which are considered to be highly ophthalmologi-
cally relevant among fungi, and broad-range PCR of the 28S 
rRNA gene region of fungi. We performed bacterial broad-
range qPCR on intraocular fluid samples from patients with 
infectious endophthalmitis. The participants were 7 patients 
with a clinical diagnosis of infectious endophthalmitis after 
intraocular surgery or ocular trauma and who underwent 
bacterial broad-range qPCR using vitreous fluid or anterior 
humor samples. The same specimens were also cultured and 
subjected to smear tests.

The results are summarized in Table 2. High copy num-
bers of bacterial DNA (1.7 × 103–2.8 × 108 copies/mL) 
were detected in all 7 patients with infectious endophthal-
mitis. By contrast, the findings for 3 of the 7 patients were 
both culture- and smear-negative. One patient (case 4) 

Fig. 4  Schema of bacterial and 
fungal DNA used for broad-
range quantitative PCR: 16S, 
18S, and 28S rRNA regions. 
The ribosome of prokaryotes 
such as bacteria is composed of 
3 rRNAs—50S, 16S, and 5S—
and multiple proteins (53 types). 
On the other hand, ribosomes 
of eukaryotes such as fungi are 
composed of 4 rRNAs—28S, 
18S, 5.8S, 5S—and multiple 
proteins (82 types). Recently, 
PCR amplification using prim-
ers of the 16S rRNA region to 
identify all bacterial species and 
amplification of primers using 
the 18S or 28S rRNA region to 
identify all fungal species have 
been performed. The lower 
figure is a schema of PCR of 
the 16S rRNA region of all 
bacterial species in broad-range 
PCR. Two primers and a probe 
for quantitative PCR are set in 
the conserved regions (yellow 
regions) in the bacterial gene, 
and theoretically all bacterial 
species can be identified
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was culture-negative but smear-positive for gram-positive 
cocci, whilst another patient (case 5) was culture-positive 
for Staphylococcus but smear-negative. (Table 2). In addi-
tion, 6 of the 7 patients with infectious endophthalmitis 
were treated with systemic and topical antimicrobials. These 
results suggest that broad-range qPCR targeting bacterial 
16S rRNA genes may be useful for determining the causa-
tive pathogen in bacteria-related infectious endophthalmitis 
given that many intraocular fluid specimens are often cul-
ture- or smear-negative because the patients were treated 
with antibiotics early in life [19]. We have demonstrated the 
efficacy of this PCR method in cases of infectious bacterial 
intraocular inflammation [15] and to detect Candida and 
Aspergillus 18S rRNA genes [16] and general fungal 28S 
rRNA genes [17].

Sample collection for PCR

Sample collection is one of the most crucial procedures for 
successful pathogen detection by PCR. Ocular specimens 
can be collected from extraocular or intraocular specimens. 
Extraocular specimens involve discharge, tissue from cor-
neal scraping, or tears. Discharge and tissue from corneal 
scraping can be obtained by standard methods. Tear speci-
mens can be collected by rinsing the ocular surface with 500 
µL of sterile saline 3 times and using approximately 200 
µL for DNA extraction [20]. Because of possible pathogen 
contamination from the extraocular tissues, it is important to 
test tear samples from both eyes and to compare the results.

For intraocular specimens, aqueous samples can be 
obtained as an outpatient procedure with the patient under 
a surgical microscope after sterilization of the ocular sur-
face with povidone iodine. Approximately 100 µL of aque-
ous sample can be taken via limbal paracentesis using a 
30-gauge needle. A disposal pipette with a 30-gauge nee-
dle specially designed for such procedure is available from 

Inami [21] (Fig. 5). Regarding vitreous samples, either a 
nondiluted sample or vitreous residue in the drainage con-
tainer can be obtained. The nondiluted sample is obtained at 
the beginning of the vitrectomy, before starting the intraocu-
lar infusion, and usually yields up to 1.5 mL. During dry 
vitrectomy, scleral indentation is necessary to compensate 
for the decreased intraocular pressure.

The total DNA yield from intraocular samples is typically 
quite small, making quantitative measurement of amplified 
DNA based on the amount of total DNA difficult. When 
performing PCR using aqueous humor or nondiluted vitre-
ous samples, microorganisms are quantified by calculating 
the copy number of the amplicon on the basis of the amount 
of intraocular fluid, usually described as “copy number/mL 
of sample.”

Aqueous tap and vitrectomy are invasive procedures, and 
patient consent is necessary. Therefore, sample collection 
should be performed with the appropriate timing so that the 

Table 2  Summary of bacterial broad-range PCR results using intraocular fluid from cases with a diagnosis of endophthalmitis

Bacterial broad-range PCR was performed using vitreous humor or aqueous humor samples from 7 patients with clinically diagnosed endoph-
thalmitis. Culture and smear tests of the same specimen were also performed

Case Diagnosis Bacterial 16S PCR results Culture results Smear results

1 Infectious endophthalmitis 1.3 × 107 copies/mL Positive (Pseudomonas species) Gram-negative bacilli
2 Infectious endophthalmitis 1.5 × 108 copies/mL Negative Negative
3 Infectious endophthalmitis 1.4 × 106 copies/mL Positive (Enterococcus) Gram-positive cocci
4 Infectious endophthalmitis 1.1 × 104 copies/mL Negative Gram-positive cocci
5 Postoperative endophthalmitis 2.8 × 108 copies/mL Positive (Staphylococcus) Negative
6 Postoperative endophthalmitis 8.1 × 107 copies/mL Negative Negative
7 Postoperative endophthalmitis 1.7 × 103 copies/mL Negative Negative

Fig. 5  Aqueous humor collection. A disposal pipet with a 30-gauge 
needle manufactured by Inami Co. Ltd. was specifically designed for 
the anterior chamber tap
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target DNA can be detected in high quantities. The viral 
load in the aqueous humor correlates with the degree of 
intraocular inflammation [22–24]. Therefore, the aqueous 
tap should be performed when intraocular inflammation is 
prominent. However, in CMV anterior uveitis, the viral load 
is often as low as the detectable limit and does not necessar-
ily correlate with intraocular inflammation [25]. Moreover, 
multiple aqueous taps may be necessary to detect CMV from 
patients with presumed Posner–Schlossman syndrome [26]. 
Therefore, when CMV is suspected as the cause of anterior 
uveitis, the sample collection should be conducted not only 
during prominent intraocular inflammation, but also when 
the intraocular pressure (IOP) is elevated, even if intraocular 
inflammation is weak or absent.

Establishment of Strip PCR

Our purpose was to develop a convenient real-time PCR 
kit that would be equivalent to qPCR in targeting the main 
pathogens of ocular infectious diseases and yield consistent 
results in different laboratories and with different users. Sim-
plifying the PCR examination with general machines will 
improve the diagnostic fidelity, thereby providing a reliable 
option for diagnosis at general hospitals.

First, we developed a multiplex real-time PCR test 
(Strip PCR) prototype for detecting 24 pathogens respon-
sible for common ocular infectious diseases [5] as fol-
lows: HSV1/2, VZV, EBV, CMV, HHV6–8, human T-cell 
lymphotropic virus (HTLV)-1, adenovirus, Mycobacte-
rium tuberculosis, Treponema pallidum, Propionibacte-
rium acnes, bacterial 16S rRNA, Candida albicans, C 
glabrata, C krusei, Aspergillus, Fusarium, fungal 28S 

rRNA, Toxoplasma, Toxocara, Chlamydia trachomatis, 
and Acanthamoeba. Strip PCR comprises 12 wells, each 
precoated with primers and probes and targeting 1 to 3 
different pathogens. The solid-phase technique relieves 
beginners of the technical challenge of quantitatively han-
dling a small amount of liquid and provides stable results 
promptly with reproducibility and accuracy. The median 
examination time of Strip PCR (5 min 58 s for 24 patho-
gens) was shorter than that of qPCR (10 min 41 s for 1 
pathogen). The intrainstitutional coefficient of variation 
(CV) of Strip PCR indicated low CV by PCR beginners 
(0.3–0.9%) as well as experts (0.1–0.4%). The interinsti-
tutional CV was also low for both PCR beginners (4.3%) 
and experts (2.2%) [6].

However, the 24-pathogens Strip PCR prototype has 
some limitations. Minor contamination (with late Cq values) 
by bacteria, fungi, and P acnes was detected (1.6–88.7%, 
n = 124) using Strip PCR and qPCR on aqueous humor and 
vitreous humor nonuveitis samples. This finding may be 
explained by unavoidable contaminations from the ocular 
surface or the reagent, or both. Furthermore, the Strip PCR 
prototype is expensive and labor-intensive, as samples from 
different sites (eg, keratoconjunctivitis) and different sam-
ples (eg, cornea tissues) must be tested.

Therefore, we optimized the 24-pathogen Strip PCR 
prototype to detect 9 major pathogens of infectious uveitis 
(HSV1, HSV2, VZV, EBV, CMV, HHV6, HTLV-1, T gondii, 
and T pallidum; Fig. 6). We then evaluated the 9-pathogen 
Strip PCR test in a multicenter study using 772 intraocular 
samples from infectious uveitis patients [6]. The optimized 
Strip PCR successfully detected pathogen DNA at concen-
trations of 100–109 copies/mL in 252 of 255 qPCR-positive 

Fig. 6  Strip PCR setup. Strip 
PCR for infectious uveitis uses 
an 8-well multiplex PCR strip 
tube targeting 9 ocular infec-
tious disease pathogens: HSV1, 
HSV2, VZV, EBV, CMV, 
HHV6, HTLV-1, T pallidum, 
and T gondii. The internal 
controls were glyceraldehyde 
3-phosphate dehydrogenase 
(GAPDH) and TATA-binding 
protein (TBP). Each well tar-
geted 1 to 2 types of pathogens 
and was coated with primers 
(forward and reverse) and mul-
tiple probes (6FAM and ROX) 
adapted for these target patho-
gens. Reproduced from Nakano 
et al. [6] with permission
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samples (Table 3). Strip PCR had high sensitivity (98.8%), 
specificity (98.5%), positive predictive value (98.8%), and 
negative predictive value (98.5%) against qPCR. Moreover, 
optimized Strip PCR showed a good relationship (r = 0.838, 
Fig. 7) with DNA copy numbers obtained by qPCR, which 
is the gold standard for accurately determining the number 
of pathogen copies in samples. Infectious uveitis is depend-
ent on the pathogen load [22–24]; thus, quantitative Strip 
PCR will be useful for predicting disease condition. The 
high specificity of Strip PCR may be especially valuable in 
exclusive diagnosis before surgery or treatment with ster-
oids, immunosuppressants, and tumor necrosis factor-alpha 
inhibitors.

Development of direct Strip PCR

DNA purification before qPCR or Strip PCR analysis is 
time-consuming but necessary. To avoid this step, we 

developed a new PCR amplification reagent cocktail and 
combined the reagent with Strip PCR, referred to as direct 
multiplex real-time PCR (Direct Strip PCR). We then con-
firmed in a multicenter study that Direct Strip PCR for the 
9 causative pathogens of infectious uveitis demonstrated 
similar results to qPCR in terms of high accuracy, rapid 
detection, low cost, low sample volume required, and ease-
of-use (manuscript under submission). Direct Strip PCR is 
anticipated to ease etiologic evaluation, increasing pathogen 
detection from intraocular fluids of uveitis patients even by 
general ophthalmologists. CMV was the most frequently 
detected pathogen in this multicenter study. Direct Strip 
PCR, which is comprehensive and quantitative, requires only 
20 µL of sample; thus, it may be the most suitable method 
for CMV diagnosis. Direct Strip PCR is currently used in 
almost 35 institutions in Japan.

Table 3  Summary of detected pathogens, clinical diagnosis, number of samples, and data obtained by qPCR and Strip PCR

We evaluated 449 intraocular samples. Strip PCR was unable to detect pathogen DNA in only 3 samples: anterior uveitis (CMV, 1.23 × 103 cop-
ies/mL), retinitis (CMV, 1.25 × 103 copies/mL), and ocular toxoplasmosis (T gondii, 2.00 × 102 copies/mL). The 3 false positives against qPCR 
as the gold standard were herpetic anterior uveitis (CMV: Cq values of 34.87 and 38.54 by Strip PCR; HSV1: 35.69). The Strip PCR positive 
results agreed with the clinical diagnosis
CMV cytomegalovirus, Cq quantification cycle, EBV Epstein–Barr virus, HHV human herpesvirus, HTLV human T-cell lymphotropic virus, HSV 
herpes simplex virus, Mixed mixed infection, VZV varicella-zoster virus, PORN progressive outer retinal necrosis
a EBV was also detected as a mixed infection in 11 samples with HSV1 and VZV herpetic anterior uveitis, HSV1 and VZV acute retinal necrosis, 
CMV corneal endotheliitis, CMV retinitis, ocular toxoplasmosis, and intraocular lymphoma
b HHV6 was only detected as a mixed infection in 2 patients with Behçet disease
c HTLV-1 was also sampled as a mixed infection in 3 samples with CMV corneal endotheliitis, HSV1 herpetic anterior uveitis, and VZV acute 
retinal necrosis

Detected pathogens Clinical diagnosis No. of 
samples

qPCR (copies/mL) Strip PCR, Cq values

Median (Min–Max) Median (Max–Min)

HSV1 Acute retinal necrosis 2 8.01 × 105 (1.08 × 105–1.49 × 106) 27.08 (28.00–26.15)
Herpetic anterior uveitis 15 4.29 × 104 (9.86 × 100–1.39 × 106) 30.22 (35.56–22.29)

HSV2 Acute retinal necrosis 4 3.11 × 104 (6.11 × 103–1.27 × 106) 32.09 (35.82–25.09)
Herpetic anterior uveitis 1 6.38 × 103 – 37.68 –

VZV Acute retinal necrosis 45 2.78 × 106 (2.09 × 102–1.12 × 109) 23.87 (37.55–15.14)
Herpetic anterior uveitis 34 4.66 × 104 (3.30 × 102–1.43 × 108) 30.46 (39.00–19.76)
PORN 1 4.70 × 107 – 20.66 –

EBV EBV-positive uveitis 8 1.80 × 105 (1.39 × 103–3.30 × 106) 30.86 (36.31–24.74)
Mixed infection in other  uveitisa 11 2.12 × 103 (7.45 × 100–1.33 × 105) 35.67 (39.10–32.20)

CMV Herpetic anterior uveitis and cor-
neal endotheliitis

82 1.57 × 104 (3.72 × 101–4.43 × 106) 32.18 (41.00–23.80)

CMV retinitis 33 2.56 × 106 (2.55 × 101–1.61 × 109) 24.35 (38.47–13.29)
HHV6 Mixed infection in other  uveitisb 2 1.29 × 105 (7.70 × 104–1.82 × 105) 30.24 (31.00–29.47)
HTLV-1 HTLV-1 associated uveitis 16 8.42 × 103 (4.77 × 101–8.48 × 105) 33.93 (37.88–30.50)

Mixed infection in other  uveitisc 3 4.86 × 102 (9.87 × 101–9.72 × 103) 36.51 (37.10–35.63)
Toxoplasma gondii Ocular toxoplasmosis 6 1.01 × 105 (6.55 × 101–5.77 × 106) 30.09 (39.78–23.86)
Treponema pallidum Syphilitic uveitis 2 1.18 × 104 (2.34 × 102–2.34 × 104) 30.85 (34.93–26.77)
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Representative cases in which PCR was useful

Good PCR targets in intraocular specimens are typically 
DNA of herpesviruses, such as HSV, VZV, and CMV, or T 
gondii. Even if corneal or dermal manifestations are absent, 
cases of sudden onset of unilateral anterior uveitis with 
mutton fat keratic precipitates (KPs) (Fig. 8a) and elevated 
IOP are highly suspected to be caused by HSV or VZV, and 
ophthalmologists should consider performing an aqueous 
tap. Additionally, zoster sine herpete may be diagnosed if a 
patient presents with segmental iris atrophy; however, PCR 
for aqueous humor is still useful to confirm the diagnosis.

The patient in case 1 was a 47-year-old man referred 
to our clinic because of sudden onset of foggy vision in 
the left eye. The IOP was 12 mmHg for the right eye and 
26 mmHg for the left eye. In the anterior chamber of his left 
eye, medium size mutton-fat KPs (Fig. 8a) were present in 
the lower part of the cornea in a fan shape, and 3+ anterior 
chamber cells were observed. Aqueous tap was performed 
owing to the suspicion of herpesvirus infection, and the sam-
ple was analyzed using multiplex PCR. VZV was detected in 
high copy numbers (1.2 × 108 copies/mL), but other herpes-
viruses such as HSV or CMV were not detected. The patient 
received instillation of 1% betamethasone 4 times daily and 
oral valaciclovir. The IOP became normal and the intraocu-
lar inflammation was ameliorated, but segmental iris atrophy 

gradually developed (Fig. 8b). Steroid eye drops and acyclo-
vir eye ointment were administered for more than 6 months.

Another pathogen frequently detected using PCR is 
CMV. Typically, patients with CMV anterior uveitis have 
a long history of sporadic episodes of elevated IOP accom-
panied by small KPs and moderate-to-faint anterior cham-
ber cells. Patients with this condition usually respond well 
to topical steroid instillation. The diagnosis in such cases 
is often Posner–Schlossman syndrome, and the patients 
are observed until the next attack occurs. However, years 
later, steroid instillation may no longer suppress elevated 
IOP [27], and corneal endothelial cell density (CECD) is 
decreased when compared with the fellow eye [22]. The 

Fig. 7  Correlation between Strip PCR and quantitative real-time PCR 
results. A high correlation value (r = 0.838, P < 0.001, Pearson cor-
relation coefficient after Shapiro–Wilk normality test) was obtained 
between quantification cycle values (Strip PCR) and DNA copy 
numbers (copies/mL; quantitative real-time PCR). Reproduced from 
Nakano et al. [6] with permission

Fig. 8  Representative case in which PCR is useful: VZV-associated 
anterior uveitis. The patient of this case was a 47-year-old man with 
anterior uveitis caused by varicella-zoster virus (VZV) in the left eye. 
a At the first visit, medium size mutton-fat keratic precipitates were 
observed in the lower part of the cornea by use of slit-lamp biomi-
croscopy. b Six months later, segmental iris atrophy had developed in 
the lower temporal area of the iris
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patient in case 2 was a 33-year-old woman who had a his-
tory of recurrent granulomatous anterior uveitis and elevated 
IOP (often > 30 mmHg) in the left eye for 2 years, which 
was treated with topical steroid instillation each time. She 
was then referred to our clinic for close examination. At 
the initial presentation, small, scattered white KPs (Fig. 9a) 
and small, clear KPs forming a coin-shaped lesion (Fig. 9b) 
were observed. Trace cells were observed in the AC. CECD 
was 2950/mm2 in the right eye and 1565/mm2 in the left 
eye. We suspected CMV infection and performed an aque-
ous tap. Multiplex PCR showed the presence of CMV DNA 

(5.1 × 104 copies/mL) but not HSV, VZV, or other patho-
gens. She received intravitreal ganciclovir, followed by 1% 
ganciclovir instillation 6 times a day. The IOP and ocular 
inflammation were well controlled thereafter.

The patient in case 3 was an 84-year-old woman who was 
referred to our clinic because of a history of decreased vision 
in the right eye for 1 week. Pigment KPs, 2+ AC cells, and 
blood clots in the iris and intraocular lens (Fig. 10a) were 
observed. The fundus could not be observed in detail owing 
to dense vitreous opacity, but a white lesion was observed in 

Fig. 9  Representative case in which PCR is useful: CMV-associated 
anterior uveitis. The case was a 33-year-old woman with CMV-asso-
ciated anterior uveitis in the left eye. Scattered small white keratic 
precipitates (KPs) (a) and small, clear KPs forming a coin-shaped 
lesion (b) were seen at the first visit

Fig. 10  Representative case in which PCR is useful for diagnosis: 
Toxoplasma infection. The patient of this case was an 84-year-old 
woman with ocular toxoplasma in the right eye. a Slit-lamp biomi-
croscopy showed a blood clot on the iris and intraocular lens at the 
first visit. b White lesions were seen in the upper part of the fundus. 
The fundus photo was taken 3 months after the first visit
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the upper part of the fundus (Fig. 10b). A systemic workup 
did not show remarkable findings except for anti-Toxoplasma 
IgG antibodies (Abs) (119 IU/mL). Anti-Toxoplasma IgM 
Abs were undetectable. We performed an aqueous tap and 
analyzed the samples by use of multiplex PCR, the find-
ings of which were positive for T gondii (3.9 × 103 copies/
mL) but negative for HHV, syphilis, and M tuberculosis. In 
our previous report, the copy number of toxoplasma DNA 
in the intraocular fluid of active uveitis patients who were 
finally diagnosed with ocular toxoplasmosis was 5.1 × 102 to 
2.1 × 106 copies/mL [14].

On the basis of these findings, we diagnosed ocular toxo-
plasmosis and initiated oral acetylspiramycin and predniso-
lone therapy. PCR is thus useful for the diagnosis if typical 
ocular manifestations are not available because of cloudy 
media, as represented by this case.

Representative cases in which PCR could exclude 
a diagnosis

A 70-year-old woman with a history of primary central nerv-
ous system lymphoma was treated with radiation and had no 
recurrence throughout the year. She had blurred vision in the 
left eye and was treated with 0.1% betamethasone eye drops 
after HTLV-1-associated uveitis was diagnosed as a result 
of a blood test given by a local ophthalmologist. The ocular 
fluid was not tested. The vitreous opacity was unresponsive 
to therapy and worsened; thus, the patient was referred to 
Oita University Hospital after suspected acute retinal necro-
sis or central retinal artery occlusion with vision loss was 
diagnosed. The visual acuity of the left eye was 0.05 (n.c.). 

The ocular fundus is shown in Fig. 11. Direct Strip PCR was 
conducted using 20 µL of aqueous humor, and the results 
indicated an immediate exclusive diagnosis of HTLV-1 and 
HSV1, HSV2, CMV, EBV, VZV, HHV6, T pallidum, and 
T gondii within 1 h (Fig. 11a). Pars plana vitrectomy was 
performed (Fig. 11b); the vitreous sample was processed 
for repeat PCR assays, the findings for which were nega-
tive. Intraocular lymphoma was subsequently diagnosed as 
a result of immunohistochemistry, flow cytometry, cytokine 
evaluation, and molecular analyses and treated with intra-
vitreal methotrexate (Fig. 11c). Direct Strip PCR was use-
ful for exclusive diagnosis of the 9 main infectious ocular 
pathogens.

Current status of PCR in the diagnosis of infectious 
uveitis and the advanced medical service in Japan

According to a nationwide survey about the use of PCR 
for the diagnosis of uveitis in Japan, 101 of the 131 (77%) 
facilities that responded to the survey, including university 
hospitals and core training hospitals, performed PCR for 
1616 patients from January 1, 2018 through June 30, 2018, 
and comprehensive PCR was performed for 674 (42%) of 
these patients. Thus, PCR using intraocular fluids to diag-
nose infectious uveitis is common and has important value 
in Japan [28]. However, the costs of diagnostic PCR for uvei-
tis are not covered by the national health insurance system 
in Japan, which can prevent the use of PCR in appropriate 
cases.

Diagnostic PCR for uveitis has been approved for cover-
age by the advanced medical service since the end of 2013. 

Fig. 11  Representative case in which PCR was used for exclusive 
diagnosis: intraocular lymphoma. a Direct Strip PCR was performed 
using 20 µL of aqueous humor, which made an immediate exclusive 
diagnosis of HTLV-1 and HSV1, HSV2, CMV, EBV, VZV, HHV6, 
T pallidum, and T gondii within 1  h. Glyceraldehyde 3-phosphate 

dehydrogenase (GAPDH) and TATA-binding protein (TBP) were the 
internal controls. b Pars plana vitrectomy was performed; the vitreous 
sample was processed for repeat PCR assays, the findings for which 
were negative. c After diagnosis of intraocular lymphoma, the patient 
was treated with intravitreal methotrexate
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From 2013 to 2017, PCR was performed for 409 herpesvirus 
cases and 112 bacterial/fungal cases, and the numbers of 
PCR cases and facilities are increasing annually (Fig. 12). 
PCR for herpes viruses or bacteria/fungi were useful to 
diagnose or diagnose by exclusion in all the cases, and no 
adverse effect was reported. Currently, 19 facilities have 
been involved in this system. It is expected that compre-
hensive diagnostic PCR will be approved for coverage by 
national health insurance in Japan in the near future.

Prospects of clinical PCR in ophthalmology

As mentioned above, we have established and developed 
multiplex PCR, broad-range qPCR, and Strip PCR and have 
reported the efficacy of such tests in multicenter studies [2, 
6]. We have developed Direct Strip PCR for keratoconjunc-
tivitis and infectious endophthalmitis, and evaluations of 
these tests in multicenter studies are currently underway. The 
keratoconjunctivitis Direct Strip PCR kit covers herpesvi-
ruses, Chlamydia, Acanthamoeba, adenovirus, and Neisseria 
gonorrhoeae, whilst the endophthalmitis Direct Strip PCR 
kit provides a comprehensive identification of 14 bacterial 
species commonly found in infectious endophthalmitis.

Surprisingly, because the Direct Strip PCR infectious 
uveitis kit can be completed within 60 min, it is now used 
for intraoperative diagnosis of acute retinal necrosis and 
CMV retinitis during vitrectomy (manuscript under sub-
mission). The ability to identify a virus during vitrectomy 
allows intraoperative procedures to be performed according 
to PCR results.

In Table 4 we have summarized the sensitivity, specific-
ity, positive predictive value, and negative predictive value 
of our PCR examinations such as multiplex PCR, broad-
range PCR, Strip PCR, and Direct Strip PCR based on our 
previous results. In any of the PCR examinations, higher 
diagnostic parameters were exhibited (Table 4). As a result, 
we obtained high diagnostic parameters in a multicenter 
study. Our goal is “rapid and simple comprehensive PCR 
diagnosis anywhere and by anyone” for ocular infections, 
which we anticipate will occur in the near future.

Fig. 12  Changes in the number of PCRs performed and participat-
ing facilities under the advanced medical service in Japan (cited and 
modified from Ref. [27] with permission). The upper panel shows 
changes in viral PCRs, and the lower panel, changes in bacterial/fun-
gal PCRs. The solid lines represent the number of PCRs performed 
under the advanced medical service system in Japan; the white boxes 
represent the number of participating facilities

Table 4  Sensitivity, specificity, positive predictive value, and negative predictive value of our PCR examinations

PPV positive predictive value, NPV negative predictive value

PCR type Sensitivity (%) Specificity (%) PPV (%) NPV (%) References

Multiplex PCR and broad-range PCR 91.3 98.8 98.6 92.4 [2]
Broad-range PCR (fungal 28S) 83.3 99.8 90.9 99.6 [17]
Strip PCR 98.8 98.5 98.8 98.5 [6]
Direct Strip PCR 99.1 98.9 98.7 99.3 Unpublished data
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