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Abstract
Purpose The aim of this study is to determine the efficacy of quantitative real-time PCR (qPCR) and clinical characteristics to
diagnose ocular cytomegalovirus (CMV) infections.
Methods The technical factors were assessed by the outcomes of the qPCR assay at five institutions in Japan using the WHO
International Standard of cytomegalovirus. The clinical factors were assessed by examining the aqueous humor samples of 197
eyes of 197 consecutive patients suspected of CMV using the receiver operating characteristics (ROCs).
Results All of the institutions had excellent detection efficacy, although the copy number ranged from 0.82 to 4.66 copies/IU. In
the clinical samples, CMV was detected in 51 eyes, and the amount of CMV DNAwas significantly higher for CMV retinitis. In
corneal diseases, the amount of CMV DNAwas significantly associated with frequency of recurrences and IOP elevations. The
sensitivity and specificity of qPCR for the diagnosis was 90.0 and 98.7%, respectively. For the corneal and anterior uveitis types
of CMV diseases, the area under the curve (AUC) of qPCR was 0.95 and 0.96, followed by frequency of recurrences with AUC
of 0.89 and 0.82, and IOP elevations with AUC of 0.78 and 0.76. Unclassified cytomegalovirus detection, which did not meet
diagnostic criteria of CMV corneal endotheliitis, anterior uveitis, or retinitis, was 4.6%, and it was significantly associated with
corneal diseases and history of corneal transplantation.
Conclusions qPCR with standardization is specific and accurate; however, the inclusion and knowledge of the clinical charac-
teristics improve the diagnostic efficacy.
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Introduction

Ocular infections caused by cytomegalovirus (CMV) are well-
known to lead to CMV retinitis in immune-compromised pa-
tients. In immune-competent patients, CMV corneal
endotheliitis and CMV uveitis have been diagnosed mainly
in elderly individuals. The clinical signs of CMV can also be
observed in non-HIV patients with retinitis [1].

CMV infections of the anterior segment are relatively rare
and often misdiagnosed. CMV corneal endotheliitis can pres-
ent as bullous keratopathy or keratitis after years of recurrent
episodes. CMV uveitis can present as Fuchs heterochromic
iridocyclitis or Posner-Schlossman syndrome with recur-
rences of elevations of the intraocular pressures (IOPs) [2].
For CMV corneal endotheliitis, the hallmark signs of the dis-
ease are endothelial cell loss, coin-shaped lesions, IOP eleva-
tions, and owl’s eye appearance of the lesions. An earlier study
showed that these signs had a highly positive predictive value
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of 90.9% for the diagnosis of CMV [3]. For CMV uveitis, a
relapsing inflammation is a well-known and characteristic
sign, and it may be accompanied by endothelial cell loss.
However, the diagnosis of CMV infection is difficult when
made by only the clinical signs and symptoms.

PCR has been established as the standard diagnostic meth-
od for diagnosing systemic CMV infections achieving a sen-
sitivity of 80.1% and specificity of 93% for blood samples [4].
For the diagnosis of ocular CMV infection, the amount of
aqueous sample is limited, and the efficacy of quantitative
real-time PCR (qPCR) has not been adequately validated. In
addition, a CMV infection of the eye in immune-competent
patients is relatively rare and is mainly observed in the Asian
population.

Thus, the purpose of this study was to determine the effi-
cacy of qPCR and clinical characteristics that will allow clini-
cians to detect and diagnose ocular CMV infections in indi-
viduals living in Japan [2] [5]. To accomplish this, we first
evaluated the efficacy of CMV qPCR at five major ophthal-
mological institutions throughout Japan. We determined insti-
tutional or clinical factors which had affected the diagnostic
efficacy of ocular CMV infection using a CMV standard and
aqueous humor samples from consecutive cases of suspected
ocular CMV infections. The results showed that qPCR of
CMVis a very good test with excellent efficacy for diagnosing
ocular CMV infections. However, knowledge of the clinical
characteristics and unclassified CMV detection improves the
efficacy of the diagnosis.

Materials and methods

Patients

The medical records of 197 eyes of 197 consecutive patients
examined over a 13-year period were studied. All of these
patients were suspected of having an ocular CMV infection
or required an exclusion diagnosis. These patients had kerati-
tis including corneal endothelial inflammation, the corneal
disease type, or anterior uveitis or retinitis which did not re-
spond to conventional therapy including topical steroids. All
of the cases had undergone qPCR of the aqueous humor for
CMVand differential diagnosis of viral infections.

One hundred thirteen of the 197 patients were men. The
mean age of all the patients was 63.2 ± 15.6 years. All of the
patients were examined at the Tottori University Medical
Hospital between November 2005 and May 2017. A total of
290 measurements were made to diagnose the recurrent in-
flammations or to assess the therapeutic efficacy of antiviral
treatment.

All procedures were performed in accordance with the eth-
ical standards of the Institutional Review Board of Tottori
University, Tottori, Japan, and the procedures conformed to

the 1964 Helsinki declaration and its later amendments of
comparable ethical standards. An informed consent was ob-
tained prior to the procedures from all of the participants.

To compare the reliability of the qPCRmeasurements at the
different institutions, the 1st WHO International Standard for
Human Cytomegalovirus for Nucleic Acid Amplification
Techniques was used. This standard sample contained 5 ×
106 international units (IUs) of CMV. One IU corresponded
to one copy of the CMV genome. The 95% detection limit
was calculated using international standard DNA diluted to
103, 102, 101, 100, 10−1, and the concentration that achieved
95% positivity by qPCR assessment was determined to be
98 IU as calculated by probit regression (N = 20/dilution)
[6]. This indicated that when 20 samples of 98 IU of CMV
was assayed, 19 samples would be diagnosed as positive for
CMV.

To determine the copy numbers of the CMV DNA in the
aqueous humor samples of the consecutive case series, DNA
was extracted from the aqueous humor with QIAamp DNA
mini kit (Qiagen, Hilden, Germany). The glycoprotein B gene
of the CMV was amplified with the LightCycler (Roche,
Basel, Switzerland) [7] [8] (Table 1). A standard curve was
generated with known dilutions of cloned DNA amplicons.
Samples with less than the 95% detection limit were taken to
be negative [6].

For differential diagnosis of infections by herpes simplex
virus (HSV) and varicella-zoster virus (VZV), the aqueous
humor sample was assayed for HSV and VZV by qPCR as
described in detail [9]. Primers detecting both HSV-1 and
HSV-2 were used for the HSVassays.

Diagnosis and clinical parameters for assessment
of ocular CMV infection

The final diagnosis of CMV infection was made by the course
of the disease process and confirmed by the detection of the
DNA of CMV by conventional PCR or antigenemia [2, 5,
10–13]. An ocular CMV infection was classified as CMV
corneal endotheliitis, CMVanterior uveitis, or CMV retinitis.

CMV corneal endotheliitis was diagnosed when the fol-
lowing criteria, (a and (b or c)), were met [5]:

a. Positive for CMV DNA in the aqueous humor, and
negative for the DNA of HSVand VZV.

b. Corneal endotheliitis with coin-shaped lesion or linear
keratic precipitates (KP).

c. Corneal endotheliitis with localized edema with two of
the following were present; recurrent anterior uveitis or
ocular hypertension or corneal endothelial loss.

CMV anterior uveitis was diagnosed when (a, d, and e)
were met [11, 13].
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d. Recurrent anterior uveitis without retinitis or posterior
segment inflammation.

e. Responsiveness to anti-viral drugs for CMV.

CMVretinitis was diagnosed when (a and f) were met [14].

f. Characteristic necrotizing retinitis.

Unclassified CMVdetection was present when CMVDNA
was positive in the aqueous humor of cases which did not
require anti-CMV drug therapy and were not caused by an
ocular CMV infection by the above diagnosis criteria as de-
scribed [15].

To assess the diagnostic efficacy of the clinical parameters
for CMV infection, the number of recurrences, IOP elevations
of > 20 mmHg without glaucoma medication, loss of corneal
endothelial cells, history of keratoplasty, and presence of coin-
shaped keratic precipitates were determined. Corneal endothe-
lial cell loss was defined as < 1000 cells/mm2 or less than 500
cells/mm2 in the contralateral eye [7].

Statistical analyses

Data are presented asmeans ± standard deviation. For bilateral
cases, the findings of the more severely affected eye were used
for the statistically analyses. ANOVA and post-hoc tests were
used to determine whether the differences between the groups
were statistically significant. Multivariate logistic regression
analysis was used to compute the odds ratio (OR). Clinical
signs including IOP elevation, corneal endothelial cell loss,
and previous history of corneal transplantation were analyzed
as dichotomic variable (present or absent). The frequency of

recurrences was coded as 0, 1, 2, and ≥ 3. To evaluate the
diagnostic efficacy of qPCR, the receiver operating character-
istic (ROC) regression analysis was used with adjustments for
repeated measurements and clinical parameters. Statistical
analyses were conducted with Stata 15 (Stata Corp, College
Station, Tx). A P < 0.05 was considered significant.

Results

Institution-dependent technical effects on reliability
of qPCR

We first analyzed whether institutional factors may have af-
fected the outcome of qPCR of CMV DNA. Five major insti-
tutions that routinely perform qPCR for diagnosing ocular
CMV infections participated in this collaborative study. The
WHO International Standard of CMV were sent to each insti-
tution, and the CMV DNA copy numbers were determined
using the institutions’ own protocol of DNA extraction and
qPCR. Technicians belonging to each facility extracted the
DNA from the standard using their routine protocol and quan-
tified the amount of CMV DNA using different qPCR equip-
ment, primers, and cloned templates (Table 1). The standard
containing 5 × 106 IU of CMV was serially diluted to 104 to
10−1 IU in 10-fold steps, and the DNA was extracted. The
extracted DNAwas assayed for the copy numbers of DNA.

The results showed that the International Unit Standard
was correlated with the copy number (ρ = 0.94, P = 0.0000);
however, the calculated copy numbers were significantly dif-
ferent for the same amount of CMV standard. For 1 unit of the
International Standard, the calculated copy number ranged

Table 1 Settings for real-time PCR and primers at different institutions

Facility DNA extraction Real-time PCR CMVamplicon Primers and probe

A EZ1 Advanced XL
EZ1 Virus Mini
(Qiagen)

Light cycler 2.0 (Roche) IE-1 CATGAAGGTCTTTGCCCAGTAC
GGCCAAAGTGTAGGCTACAATAG
Probe
TGGCCCGTAGGTCATCCACACTAGG

B QIAamp Viral RNA Mini (Qiagen) ABI 7000
(Applied Biosystems)

DNA polymerase GCTGACGCGTTTGGTCATC
ACGATTCACGGAGCACCAG
Probe
FAM-TCGGCGGATCACCACGTTCG

-TAMRA

C QIAamp DNA Mini (Qiagen) StepOnePlus
(Applied Biosystems)

DNA polymerase GCTGACGCGTTTGGTCATC
ACGATTCACGGAGCACCAG
Probe
FAM-TCGGCGGATCACCACGTTCG

-TAMRA

D DNA Extract All
(Applied Biosystems)

StepOnePlus
(Applied Biosystems)

Pa034534000_s1
Applied biosystems

E QIAamp DNA Mini Kit (Qiagen) Light cycler 2.0 (Roche) Glycoprotein B AAGTACCCCTATCGCGTGTG
ATGATGCCCTCRTCCARGTC
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from 0.82 to 4.66 copies (Table 2), and the mean copy number
was 1.92 copies with 95% confidence intervals of 1.63 to 2.22
(P < 0.001). This indicated that exact evaluations require stan-
dardization by the International Units, and the use of facility-
dependent copy number may overestimate the amount of
CMV DNA by up to fourfold.

We also assessed whether the results of qPCR for CMV
differed at the different institutions using ROC analysis. The
WHO CMV standard diluted up to the sensitivity limits was
evaluated for presence or absence of CMV DNA (Table 2).
When the limit of detection for clinical diagnosis was defined
as the amount of DNA needed to diagnose the sample as
positive with 95% probability [6], all the facilities showed
an AUC of 1.0 and had reliable and consistent performances.

Association of CMV DNA with clinical signs
and disease type

To assess the clinical factors which were associated with the
amount of CMV DNA in the eye, we evaluated the character-
istics of the CMV ocular infection and other herpes family
viruses. The diseases were classified into three types; corneal
disease type (keratitis involving endothelial inflammation),
anterior uveitis, and retinitis (Table 3). The anterior uveitis
type of disease made up 54.3% (107 cases) of all cases. Of
these, 17.8% (19 cases) were caused by CMV-associated an-
terior uveitis which was the most frequent, and it was signif-
icantly more frequent than HSV (P = 0.006, proportional test).
The corneal disease type was diagnosed in 69 eyes (35.0%),
and of these, CMV was the most frequent cause at 34.8%.
This was followed by infections of HSV (20.3%). For the
retinitis type of diseases, 4 of the 21 cases were caused by
CMV. Collectively, CMV was the most frequent cause of in-
traocular viral infections.

At the initial presentation, the average logarithm of the IU
of CMV was 4.1 ± 2.2 log IUs for the CMV anterior uveitis.
The average CMV IUs for the endotheliitis type of CMV was
4.2 ± 1.8 log IU, and it was 6.1 ± 0.6 log IU for the retinitis
type of CMV (Fig. 1). CMV retinitis had significantly higher
IUs than the other types of CMVinfections, and an increase of
anterior (keratitis) to posterior (retinitis type) was observed.

We next assessed how the CMV DNA may be associated
with the clinical characteristics using logistic regression anal-
ysis of all the cases with or without CMV infections (Table 4).
CMVDNAwas significantly associated with the frequency of
recurrences and IOP elevations in the corneal and anterior
uveitis types of diseases. In contrast, significant associations
of CMV DNA with corneal endothelial loss were only ob-
served for the anterior uveitis type.

Diagnostic efficacy of clinical characteristics and CMV
DNA for ocular CMV infections

We then determined the disease type-dependent diagnostic
efficacy of qPCR at the first visit (Table 5). The overall sen-
sitivity and specificity of qPCR was 89.4 and 94.0%, respec-
tively. The negative predictive value was excellent at 96.6%,
respectively. The sensitivity and specificity profiles were sim-
ilar for the corneal and the anterior uveitis types of diseases.

Next, we compared the diagnostic efficacy of qPCR and
the clinical parameters. To assess the efficacy of the diagnosis,
the area under the curve (AUC) was calculated using ROC
regression after adjustments for the clinical parameters
(Fig. 2). The overall AUC of qPCR was 0.98. For the corneal
type of diseases, the AUC of qPCR was 0.95 followed by
number of recurrences (AUC 0.89), and IOP elevation
(AUC 0.78). For the uveitis type of disease, the AUC for
qPCR was 0.96 followed by the number of recurrences
(AUC 0.82) and IOP elevation (AUC 0.76). These findings
indicate that the number of recurrences is the most important
clinical sign. For the CMV retinitis cases, the four CMV cases
were diagnosed correctly using CMV qPCR, and the AUC
was 1.0.

Factors associated with unclassified CMV detection

We next assessed factors which were associated with unclas-
sified CMV detection, which did not meet criteria of ocular
CMV detection and did not require anti-viral treatment. The
unclassified CMV detection was low at 4.6% (nine eyes). The
corneal disease type had higher rate of the detection (five eyes,

Table 2 Efficacy of CMV real-
time PCR evaluated by WHO
CMV standard

Copy/IU 95% confidence
interval

p value Area under curve
Cut-off (95% probability
detection)

A 1.20 1.08–1.33 0.000 1.0

B 1.26 1.13–1.39 0.000 1.0

C 1.68 1.56–1.81 0.000 1.0

D 4.66 4.54–4.79 0.000 1.0

E 0.82 0.70–0.95 0.000 1.0
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7.2%), and the anterior uveitis type had a frequency of 3.7%
(four eyes).

When logistic regression analysis was performed to assess
any associations with the unclassified CMV detection, the
corneal disease type and history of corneal transplantation
had significant odds ratio of 8.8 (P = 0.004) and 8.4 (P =
0.006, after age adjustment), respectively. No other clinical
characteristic, including the IOP elevation, corneal endothelial
cell loss, number of recurrences, and infection of HSV or
VZV, was significantly associated with the unclassified
CMV detection.

Discussion

The results showed that the AUC for the diagnostic efficacy of
CMV qPCR for aqueous samples was 0.98 for ocular CMV
infections, and no other single clinical sign matched this high
AUC. This indicated that qPCR for CMV is the most efficient
single diagnostic method to detect ocular CMVinfections, and

its use allows an accurate diagnosis at the first visit when any
type of ocular CMV infection is suspected.

Clinicians generally rely on the clinical signs for their di-
agnosis.We showed that the factors which significantly affect-
ed the diagnosis of ocular CMV infection was dependent on
the disease type. The most useful clinical signs for the diag-
nosis were the frequency of recurrences of the corneal and
anterior uveitis types of CMV infections. CMV corneal
endotheliitis can be diagnosed very effectively with the clini-
cal characteristics of the frequency of recurrences.

Suspected anterior segment viral infections, including the
corneal disease types and anterior uveitis types, were associ-
ated with CMV, HSV, and VZV. We showed that CMV was
the most frequent cause of these diseases. The results indicat-
ed that the exclusions of HSV and VZV were very important
for the diagnosis of CMV infections. For the exclusion of
HSV infections, a history of dendritic lesions or recurring
stromal keratitis should be considered. A history of herpes
zoster ophthalmicus highly suggests the presence of ocular
VZV infection [16] [17]. Thus, the exclusion of HSV and
VZVmay also be achieved by the history, and DNA detection
is not required. This information will benefit clinicians in the
differential diagnosis of ocular CMV infections effectively. In
addition, all of these Herpes virus family members are well
known to shed spontaneously from healthy tissues and can be
detected in diseased eye. However, we did not observe co-
detection of CMVand HSVor VZV in the aqueous samples.

We showed that CMV qPCR has high specificity for diag-
nosing ocular CMV infections. However, we observed cases
with unclassified CMV detection. In elderly subjects, more
than one-half were seropositive for CMV, and the frequency
of shedding of CMV in body fluids including urine and serum
was approximately 7% [15]. There remain clear whether un-
classified CMV detection was caused by shedding. In our
ocular inflammatory disease cases, the corneal disease type
was most significantly associated with the unclassified CMV
detection, and its main characteristic was a history of corneal
transplantation. Under these conditions, we need to be aware
that presence of CMV DNA may not require treatment.

The differences in the disease type may reflect where the
CMV is latently infected before causing an active infection.
Thus, the identification of the tissue of CMV detection with-
out requirement of treatment is most likely the latently infect-
ed tissue. We found a significant association of unclassified

Table 3 Causative viral pathogen
and disease type Corneal endotheliitis type Anterior uveitis type Retinitis type

Cytomegalovirus 34.8% (24 eyes) 17.8% (19 eyes) 19.1% (4 eyes)

Herpes simplex virus 20.3% (14 eyes) 5.6% (6 eyes)* 4.8% (1 eyes)

Varicella zoster virus 2.9% (2 eyes)** 9.3% (10 eyes) 4.8% (1 eyes)

Total (eyes) 69 107 21

*P = 0.006; **P = 0.0000, proportional test

Fig. 1 Disease type-dependent cytomegalovirus DNA amounts at the
first presentation. CMV retinitis showed significantly higher
cytomegalovirus DNA than other types of CMV infections. CMV DNA
amount of shedding was significantly lower than those of ocular CMV
infections. *P = 0.01; **P = 0.005; ***P = 0.002; ****P = 0.001;
*****P = 0.000
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CMV detection and the corneal disease type and previous
history of corneal transplantation. This suggests that the prob-
able tissue where CMV resides latently is the cornea, and we
have shown that CMV can effectively replicate in the corneal
endothelial cells [8].

In CMV retinitis, the amount of CMV DNA was signifi-
cantly higher than in CMV corneal endotheliitis or anterior
uveitis (Fig. 1). Generally, CMV retinitis is associated with
systemic CMV infections, and the amount of CMV DNA in
the blood is known to be a significant sign for poor prognosis
and increased mortality [18] [19]. Transmission to the retina is
considered to occur by transmission from the blood through
the retinal vascular endothelium [20]. CMV retinitis is gener-
ally observed in immune compromised patients, and the re-
duced anti-viral responses may permit unrestricted viral pro-
liferation. This may explain the higher amount of CMV DNA
in CMV retinitis patients, and why presumable latency or un-
classified detection was not observed for the retinitis type of
CMV disease.

In the anterior uveitis type of CMV disease, the AUC for
the number of recurrences and IOP elevations was lower than
that for the corneal disease type. Such differences may be
caused by strain differences of the CMV [21]. Currently, it
remains unclear whether the endotheliitis type and the anterior
uveitis type of CMV are caused by different CMV strains.
However, Oka et al. reported no significant difference in the
amount of viral load or viral protein profiles for these two
types of diseases [22].

The quantitative aspects of CMV qPCR have not been well
appreciated for the aqueous humor. Some researchers have
concluded that a positive or negative detection of the DNA
of CMV was sufficient information. However, we conclude
that the viral load of CMV is also very important information
for clinicians to determine the treatment protocol as is well
known for systemic CMV infections [19]. For example, the
viral load of CMV was significantly associated with the endo-
thelial cell loss and glaucoma medications [2] [7]. Thus, a
higher viral load will predict refractoriness or advancement
of the stage of CMVinfection.When treating anterior segment
inflammations due to CMV, anti-viral drugs are used. After
anti-CMV viral drugs are applied, the amount of CMV de-
creases, and the level generally becomes undetectable [23].
However, the clinical signs of endotheliitis or uveitis, and
the IOP elevation can promptly resolve before the aqueous
CMV amount becomes completely negative. A decrease in
the viral load in the presence of low levels in the aqueous
humor suggests a need of prolonged use of anti-viral drugs.
However, the decision on whether to continue the use of an-
tivirals is very difficult to makewithout tracking the viral load.
In addition, the resistance to ganciclovir occurs in up to 10%
of the cases when anti-viral treatment duration becomes lon-
ger in systemic infections [19]. Tracking of the amount of viral
DNA not responding to the antiviral treatment will become an
important sign to consider drug-resistant infections.

To detect the presence or absence of CMV, the qPCR facil-
ities had equally efficient diagnostic efficacy. This was some-
what unexpected because the five facilities used different

Table 4 Association of CMV
DNAwith clinical characteristics
by logistic regression analysis

Corneal disease type Anterior uveitis type Retinitis type

OR 95%
CI

P
value

OR 95%
CI

P
value

OR 95%
CI

P
value

Frequency of recurrences 2.2 1.5–3.3 0.000 1.5 1.2–1.9 0.002 1 NS

IOP elevations 1.6 1.2–2.0 0.000 1.6 1.1–2.3 0.009 1.3 0.8–2.0 NS

Corneal endothelial cell
loss

1 0.8–1.3 NS 1.4 1.1–1.8 0.002 NS

OR odds ratio (per log CMV IU/ml) after age adjustment

Table 5 Sensitivity and
specificity profile of CMV real-
time PCR

Overall Corneal disease type Uveitis type

95% CI 95% CI 95% CI

Sensitivity 89.4% 76.6–95.6% 91.7% 70.9–98.0% 84.2% 59.7–95.1%

Specificity 94.0% 88.8–96.9% 88.9% 75.4–95.4% 95.5% 88.3–98.3%

Positive predictive value 82.4% 69.2–90.7% 81.5% 61.6–92.3% 80.0% 56.2–93.3%

Negative predictive value 96.6% 92.0–98.6% 95.2% 82.2–98.9% 96.6% 89.7–98.9%

False positive rate 17.7% 9.3–30.8% 18.5% 7.7–38.4% 20.0% 7.4–43.8%

False negative rate 3.4% 1.4–8.0% 4.8% 1.1–17.8% 3.5% 1.1–10.3%
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primers, reagents, and equipment. Importantly, the copy num-
bers by each institutional assay were different by up to fourfold
for the same sample. This can be due to different target and
amplification protocols, or DNA standards of copy numbers.
In our hands, the amplification efficacy of different qPCR
methods for CMV did not appear to cause significant changes
of the copy numbers. Indeed, incorrect amplification is easily
noticed by technician and by trouble shooting. However, prob-
lematic quality of DNA standard for copy number calculations
is very difficult to be recognized. Although this can be tested
by limiting dilution of standard to one copy of DNA, maintain-
ing this high sensitivity is difficult for routine laboratory work.
During trouble shooting processes, we noticed a decay or im-
proper preparation of the DNA standards that can lead to

overestimations of the template DNA concentration. This can
cause significantly increased calculated copy numbers. This
further supports the importance of validated DNA standards.

Thus, we propose the use of standardized international unit,
which theoretically corresponds to one copy of genome.
Generally, anterior segment CMV infections are rare, and the
pooling of the data and comparisons of case series was re-
quired to accurately determine the etiology of the disease
and the therapeutic strategy. Thus, reporting the viral loads
in IUs can facilitate more accurate assessments of such trials,
and efficient integration of data by meta-analysis will help
determine the efficacy.

There are several limitations in our study. The efficacy of
qPCR for clinical samples and incidence of ocular CMV in-
fection were assessed using case series which were mainly
referred to us for diagnosis and may not represent the exact
incidence. In addition, the results of a non-selected population
might differ. After this assessment of performance of qPCR,
the protocol of PCR in each facility may have been updated to
further improve efficacy of PCR for quality control purpose.

For the current study, the sensitivity of CMV qPCR was
98 IU as the limit of detection which is higher than the theo-
retical limit of detection of PCR (three copies) [6]. However,
when 98 IU was used as the cut off value, no difference in the
efficacy of qPCR was observed in the different institutions
(Table 2). In addition, patients with less than cut off were
not required for anti-CMV treatment.

Sensitivity of qPCR for ocular CMV infections was very
high. However, CMV DNA was not always detected at the
first visit, and some cases required repeated examinations of
CMV DNA for the final diagnosis. Clinicians need to be
aware that qPCR becomes negative when inflammations are
not intense.

In conclusion, qPCR is a very effective diagnostic test;
however, the CMV DNA amount depends on the clinical
characteristics. Thus, determining the clinical characteristics
will facilitate a more accurate diagnosis than simply relying on
costly CMV qPCR testing.
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