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Time Profile of Viral DNA in Aqueous Humor Samples of Patients
Treated for Varicella-Zoster Virus Acute Retinal Necrosis by Use of
Quantitative Real-Time PCR
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The objective of this study was to evaluate the kinetics of varicella-zoster virus (VZV) loads using quantitative PCR (qPCR) in
patients treated for acute retinal necrosis (ARN). Six patients (52 * 13 years old) with ARN syndrome were consecutively stud-
ied. Aqueous humor (AH) was sampled from both eyes of all patients for qPCR evaluation. The patients were treated with intra-
venous acyclovir and intravitreal injections of antiviral drugs. The mean follow-up time was 17.6 * 16.4 months. Main outcome
measures were the numbers of viral genome copies in the AH, assessed using real-time qPCR with hydrolysis probe technology
with a threshold of detection of 200 copies/ml. Two main portions of the viral load curves were observed for each patient: a pla-
teau phase (27.8 = 24.9 days) and a decrease in the number of viral genome copies. The mean baseline viral load was 3.4 X 107 +
4.45 X 107 copies/ml (6 X 10° to 1.2 X 10® copies/ml). The viral load decreased according to a logarithmic model, with a 50%
reduction obtained in 3 * 0.7 days. There was a significant viral load (>102 copies/ml) at 50 days after the onset of treatment,
despite antiviral drugs. qPCR use demonstrated reproducible VZV DNA kinetics with a two-phase evolution: a plateau followed
by alogarithmic decrease. These data suggest that high-dosage antiviral therapy administered for the conventional 10-day dura-

tion is insufficient for most patients. This series of patients responded with a similar decrease in viral load once treatment was
initiated, and the data from these patients may be used to predict the responses of future patients.

Acute retinal necrosis syndrome (ARN), one of the most seri-
ous infectious ocular diseases, is caused by herpesviruses,
with varicella-zoster virus (VZV) being the most common (1, 2).
Great advances have been made in the diagnosis of viral retinitis
with the detection of viral DNA in intraocular fluids (vitreous and
aqueous humor [AH]) and accurate quantification of viral ge-
nome copies using real-time quantitative PCR (qPCR) (3, 4).

The extent of retinitis, such as anterior chamber and vitreous
inflammation, vasculitis, retinal necrosis, and scarring of the in-
volved retina, is currently monitored with physical examination.
Vitreous opacities and/or cataract development, however, may
preclude visualization of the posterior segment, making clinical
monitoring and appraisal of the efficacy of antiviral treatment
difficult. At this time, it is not known whether the kinetics of viral
DNA during systemic treatment (i.e., acyclovir [5], valacyclovir
[6, 7], or famciclovir [6-8] and/or intravitreal therapy [9]) is sim-
ilar in all patients and can be predicted once the treatment is ini-
tiated.

The objective of this case series was to assess the evolution of
VZV DNA loads after systemic/intravitreal antiviral treatment in
ARN and to evaluate the contribution of gqPCR to the monitoring
of patients with VZV acute retinal necrosis.

MATERIALS AND METHODS
This retrospective study was conducted in a tertiary center with a consec-
utive series of six patients with ARN syndrome (10) who were referred to
our department during a 5-year period (2005-2009). This study followed
the Declaration of Helsinki guidelines for research involving human sub-
jects. The study protocol was approved by the national institutional re-
view board (Ethics Committee of the French Society of Ophthalmology).
All eyes were sampled after two instillations of 5% aqueous povidone
iodine solution in the conjunctival sac (1 min). At the beginning of the
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procedure, after signed informed consent was obtained, aqueous humor
(AH) (150 pl, n = 8 to 11 patients) was sampled in a sterile syringe in
order to reduce intraocular pressure before intravitreal injection of anti-
virals and was then used for qPCR evaluation. The patients in this series
were treated with both intravenous acyclovir (10 mg/kg/8 h) and intrav-
itreal injections of antivirals (either foscarnet sodium [Foscavir] at 2,400
pg/ml or ganciclovir at 2,000 wg/ml) since the initial findings were judged
to be severe (11, 12).

Resolution of retinitis was defined as the absence of active areas of
retinitis (13). Onset of healing was defined as the absence of new active
areas of retinitis and the onset of the appearance of pigmentary modifica-
tions (11).

qPCR technique. Total DNA from 150 pl ocular fluids was extracted
with the QIAmp DNA minikit (Qiagen, Courtaboeuf, France), eluted in
50 wl of elution buffer, and stored at —20°C. Results were expressed as
copies of VZV DNA per ml of AH. The extraction efficiency was checked
by adding an internal control to the sample, and an external negative
control was used to detect possible contamination. gPCRs were run on a
LightCycler instrument (Roche, Meylan, France) using the hydrolysis
probe technology, the LightCycler DNA master hybridization probes kit
(Roche) according to the manufacturer’s instructions, and 10 pl of the
extracted DNA. The primers (forward primer 5'-CGGCATGGCCCGTC
TAT-3' and reverse primer 5'-TCGCGTGCTGCGGC-3") and the probe
[5'-(6-FAM)-ATTCAGCAATGGAAACACACGACGCC-(BHQ1)-3']  (6-
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FAM is 6-carboxyfluorescein, and BHQ1 is black hole quencher 1) tar-
geted the DNA polymerase gene and resulted in a 63-bp amplified frag-
ment (14). PCR mixtures also contained primers for the internal control.
The multiplex PCR allowed internal controls (phage DNA) to be coam-
plified and the extraction and amplification processes to be validated.
Absolute quantification was performed with external calibration curves
constructed from serial 10-fold dilutions of a plasmid containing the
DNA polymerase gene as the template. DNA PCR contamination was
prevented using dUTP and DNA uracil glycosylase in each run. The linear
range of the technique was from 250 to 25 X 10° copies/ml and the thresh-
old was 200 copies/ml. The repeatability and reproducibility of the tech-
nique varied by <0.5 log copies/ml over the linear range.

Statistical analysis. The statistical analysis was performed using the
SPSS 12.0 software (SPSS for Windows, Chicago, IL). In order to deter-
mine the slope of the viral DNA decrease over time, one segment of the
curve illustrating the numbers of VZV genome copies was analyzed for
each patient and was defined when a biologically significant change in
viral load (0.5 log [15, 16] from baseline) was identified. VZV DNA was
modeled using alogarithmic decay curve, expressed by the equationy = y,
e ™, where y is the initial virus load, ¢ the time from the start of the curve,
and a the decay constant (17). Data were expressed as means * standard
deviations (SD). Correlation was analyzed using the nonparametric
Spearman test, and the exponential model was tested using a linear regres-
sion analysis. The statistical analysis was performed using the Statistical
Package for the Social Sciences program (SPSS 17.0 for Windows, Chi-
cago, IL). Differences were accepted as significant for P values of <0.05.

RESULTS

Baseline data and clinical course are summarized in Table 1. All
patients were HIV negative and ranged in age from 35 to 68 years.
Only one patient had myopia (—4 diopters). Patient 3 was consid-
ered immunocompromised, having Chester-Erdheim disease
treated with alpha-2a interferon (3,000,000 U, three times/week).
Patient 5 received oral steroids (1 mg/kg/day, given for uveitis by
his referring ophthalmologist) 12 days before the diagnosis of
ARN. The retinitis was considered extensive in all cases since it was
=180°.

At presentation, all patients were given acyclovir intravenously
(10 mg/kg/8 h) with an intravitreal injection of antiviral drugs
(Table 1). The duration of each treatment was adapted to the
course of inflammation and the patient’s drug tolerance. One pa-
tient was vitrectomized since dense vitreous opacities did not al-
low a sufficient view of the fundus, and two other patients were
treated with pars plana vitrectomy (PPV) for retinal detachment
(RD) (with endolaser and silicone tamponade). Therapeutic strat-
egies for each patient are also summarized in Fig. 1.

According to the kinetics defined for each patient (increase,
plateau, and decrease), two main portions of the DNA curves were
defined for each patient, a plateau phase with a mean duration of
27.8 *= 24.9 days (range, 10 to 77 days), followed by a phase in
which the viral DNA amount declined. The mean initial viral load
was 3.4 X 107 + 4.45 X 107 copies/ml (6 X 10° to 1.2 X 10%/ml).
We found no correlation between the initial viral load and the
duration of the plateau (P = 0.3), the onset of efficacy of treatment
(P = 0.9), or the age of the patient (P = 0.4). The viral load
decreased in accordance with an exponential model, with a similar
slope and R* coefficient (Table 2) (Fig. 2).

Clinical evolution was illustrated by the onset of healing and is
noted on the curve shown for each patient (Fig. 1, see point H). In
two patients, given the clinical course of hyalitis, the examination
of the fundus was difficult and the treatment efficacy time was
defined approximately. In patient 2, the fundus was not visible on
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day 15, and retina healing was observed at the time PPV was per-
formed (day 48). In patient 5, since vitreitis precluded the visual-
ization of the retina between day 12 and day 21, the onset of heal-
ing was estimated to have occurred on day 21 concurrent with
PPV when RD was managed, with areas of healing of the inferior
retina. In patient 6, superior peripheral RD associated with dense
vitreitis was suspected on B-scan examination. Therefore, PPV,
endolaser, and silicone tamponade were performed on day 45.
Finally, the onset of healing was calculated as 22.5 = 12.8 days
(range, 13 to 48 days). Three patients had silicone oil in the vitre-
ous cavity 25, 45, and 57 days after the beginning of the medical
treatment.

We found no correlation between the duration of the bio-
logical plateau and the onset of healing (P = 0.6). As shown in
Fig. 1, the onset of the reduction of viral load was delayed from
the onset of healing of retinal lesions in patients 1 and 3 (dif-
ferences of —60 and —16 days, respectively) and advanced in
patient 5 (+11 days). Note that given her general health status,
patient 3 was not able to have intravitreal injections twice a
week for 3 weeks (she had only one injection per week). Despite
prolonged intravenous acyclovir treatment, the duration of the
plateau was particularly long (77 days). She died 4 months
later, secondary to peritonitis and cholecystitis. We found that
the clinical course was similar to the biological course in pa-
tient 4 (20 days) and patient 5 (21 versus 10 days). In patient 2,
the delay in the clinical course was probably overestimated
since healing onset was observed concurrent with PPV.

With a mean follow-up of 17.6 = 16.4 months, in one patient
the anatomical outcome was phthisis bulbi, and in five patients
visual acuities ranged from no light perception to 20/60 (Table 1).

DISCUSSION

Our results clearly show that the profile of viral DNA in the AH of
patients treated for VZV ARN follows a well-defined kinetic pat-
tern of virus load clearance with a plateau phase and then a loga-
rithmic reduction of viral load, resulting in persistence of VZV
DNA copies as long as 6 months after the initiation of antiviral
therapy.

Quantification of viral DNA was first validated for cytomega-
lovirus (CMV) in peripheral blood leukocytes (18) and for herpes
simplex virus (HSV) in the cerebrospinal fluid (4, 14). The quan-
titative measurement of viral load using qPCR has recently been
described for ocular infections by HSV (19, 20), VZV (20, 21),
human herpesvirus type 6 (12,22),and CMV (12). Real-time PCR
has also been used in patients with ARN attributable to VZV (20)
and HSV?2 (20), but the assay was performed with only two to four
samples, which did not allow definition of the kinetics of the viral
load over several weeks during and/or after treatment.

The viral load kinetics, as measured by qPCR, were previously
well correlated with the clinical course of several types of infection
due to herpesviridae, such as HSV in cerebrospinal fluid (23),
VZV in bone marrow, (24), Epstein-Barr virus (EBV) in liver after
transplantation (25), human herpesvirus type 6 infection (26),
and varicella (plasma, within a period of 14 to 30 days after anti-
viral treatment onset) (24, 27, 28). However, to the best of our
knowledge, there is no previous study on virus load kinetics in
ARN. From a practical point of view, this approach is feasible in
patients with ARN syndrome since aqueous tap is minimally in-
vasive, with very rare adverse events (29), and it can be performed
before intravitreal injection in viral retinitis-affected eyes to re-
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FIG 1 Time course of VZV viral loads in six patients with acute retinal necrosis. @ H, healing; ¢ RD, retinal detachment; ll—M treatment; ACV, aciclovir; VCV,
valaciclovir; FCV, foscarnet sodium; GCV, ganciclovir; FamCV, famciclovir; PO, per os treatment; IV, intravitreous treatment; 1IVT, one intravitreal injection

per week; 2IVT, two intravitreal injections per week.

duce the risk of increased intraocular pressure (30). An anterior
chamber tap is easier than a vitreous biopsy, and one previous
study (31) showed that AH and vitreous loads were significantly
correlated (data from Table 1, R*> = 0.87, P = 0.004), suggesting
that viral load in AH reflects that in the vitreous fluid (32). The
correlation between AH or vitreous viral load and that quantified
within the retina has never been reported. We did not find a strong
correlation between the initial viral load, the duration of the pla-
teau, and the onset of healing. The description of the clinical evo-
lution was, however, limited in three of our patients because dense
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vitreitis made viewing the fundus impossible. As has been sug-
gested regarding acute anterior uveitis where viral loads correlated
with iris damage (22), the fact that four patients out of the six
(patients 1, 2, 5, and 6) who had the highest viral load at the time
of diagnosis had a poor clinical evolution suggests a relationship
between the initial viral load and the final prognosis. These results
remain to be confirmed in a larger series of patients. The other
limitations of our study were its retrospective nature and the pos-
sibility that the results of DNA quantification influenced the ther-
apeutic strategy itself, independently of the clinical course. More-
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TABLE 2 Modelization of the reduction in viral loads during treatment
(regression analysis)

Virus load

Patient Coefficient half-time

no. Formula“ (R?) (days)
¥ = yoe™
Log(y) = log(y,) — 0.434 X ax

1 y =9 X 10% ¢ 18 0.99 3.67
Log(y) = 8.95 — 0.082x

2 y =4 X 107 ¢ 028 0.95 2.46
Log(y) = 9.60 — 0.122x

3 y=3X10"e 173 0.91 4.01
Log(y) = 10.48 — 0.075x

4 y =2 X 10% ¢ 0268 0.84 2.59
Log(y) = 8.30 — 0.016x

5 y =3 X107 ¢ O27* 0.94 3.05
Log(y) = 7.48 — 0.099x

6 y=3X10%¢ *171x 0.81 2.11

Log(y) = 6.47 — 0.07x

@ x, time (days); y, viral load.

over, vitrectomy associated with silicone tamponade in three
patients may have changed the viral load in AH (with a possible
overestimation). However, two out of three patients who under-
went vitrectomy had silicone oil in the vitreous cavity, which is
apparent in Fig. 1 at the end of the slope of decreasing viral load
(patients 4 and 6), and no effects of surgery were attributable to
the overall evolution of the viral load. The other patient was op-
erated on when VZV DNA was at the middle part of the slope, and
no evident effect of the tamponade was noted on the viral load
course after surgery in this case.

We showed that the DNA load covered a large dynamic range
(from 107 to 10 copies), as previously reported for other real-time
PCR assays. The baseline viral load in AH of the six ARN patients
(from 6 X 10° to 4 X 107 copies/ml; mean, 6.88 log =+ 0.7 copies/
ml) was comparable to that found in other reported cases of HSV
ARN (from 3.82 X 10° copies/ml to more than 107 copies/ml,
using qPCR) (19, 33) and VZV ARN (9 X 10* and 4.8 X 10°
copies/ml, qPCR targeting the VZV glycoprotein B gene) (20) and
close to that found in VZV acute anterior uveitis (from 2.2 X 10*
to 1.2 X 107 copies/ml, with one patient with 3.8 X 10 copies/ml;
mean, 2.04 X 107 = 3.79 X 107 copies/ml, n = 8, using qPCR
targeting the VZV single-stranded DNA-binding protein gene)
(22). However, the amplified target genes differed between stud-
ies, which precludes direct comparisons between the studies. Fi-
nally, the variability of viral load seems to be lower in ARN than in
acute anterior uveitis. One possible limitation of qPCR is that
detection of viral DNA does not imply the presence of actively
infectious viruses, since the amplified sequence of DNA might
represent remnants of viruses previously inhibited by the antiviral
drug and may also include nonproductive (abortive) particles.
This difficulty could have been overcome by quantification of
VZV transcripts, but RNA is very sensitive to transportation from
the operating room to the lab, and it is very difficult to correlate
the amounts of viral RNA with those of infectious particles, since
the rate of transcription varies with the level of replication of viral
particles. Finally, viral RNA is mostly found in infected cells, i.e.,
in the retina in ARN, while retinal cells are not present in detect-
able amounts in AH. Therefore, the major risk of assessing viral
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FIG 2 Model of VZV viral loads using a logarithmic decay curve in six patients
with acute retinal necrosis. The modelized part of each curve concerns the
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RNA would have been misestimation of the extent of the infec-
tious process.

In our case series, the first part of each curve was a plateau (no
change within 0.5 log of the viral load), with a variable duration
ranging from 10 to 77 days. This antiviral biological response time
was not correlated with the initial viral load, but this could have
been due to the small number of patients included in the study.
The length of this plateau may be related to the antiviral suscepti-
bility of the virus, i.e., the significant interruption of viral replica-
tion within the major area of infected retina. In the literature, only
Asano et al. (for VZV and HSV2) (20) and Cottet et al. (HSV2)
(33) reported consecutive measurements of viral DNA load (three
or four times) over a period of 1 to 6 months.

We showed for the first time that when the VZV load begins to
decline (after a biologically significant change in viral load of 0.5
log), all DNA curves behave similarly, with comparable slopes. If
this viral response model is applicable to all patients with VZV
ARN, this suggests that once the viral load decreases, the expected
time for a 50% reduction of the initial viral load is about 3 * 0.7
days.

The kinetics of the VZV load raises the question of dosage and
duration of antiviral therapy in VZV ARN. In the literature, intra-
venous treatment with acyclovir for 10 days (2, 5, 34-36) and
intravitreal injections of antiviral drugs for up to 212 days (average
course, 59 days) (13, 36) were reported for the largest studies on
ARN. Despite variable absorption of antiviral drugs (37), the use
of oral antivirals for 5 to 24 weeks (e.g., famciclovir or valacyclo-
vir) (6, 7) has been reported for the treatment of ARN in the acute
phase. The duration of maintenance therapy also varied from 2 to
75 months (2, 11, 35, 36, 38). Treatment duration has been mainly
based on the data reported by Palay et al., published in 1991 (39),
which showed that the risk of bilateral involvement is greatest in
the first 14 weeks and that acyclovir significantly reduced this risk.
However, for several case series it was reported that viruses may be
detected in the eye several months after conventional treatment.
For example, in some reported cases, PCR was positive 2 weeks
after high-dose acyclovir administration (for VZV; it was then
negative at 4 weeks) (40), 20 days after antiviral intravenous acy-
clovir (for HSV2; viral load, 4.5 X 10 copies/ml) (19), after 36
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days of acyclovir treatment (for VZV; 1.2 X 10° at day 43) (20), 2
weeks (HSV2, 1.9 X 10* copies/ml) and 6 months after treatment
(acyclovir 14 days intravenously and orally for 3 months, 1.4 X
10* copies/ml), and then negative at 10 months (33). In herpetic
keratitis, it is difficult to reduce the viral load quickly despite clin-
ical improvements (41). Also, our data are consistent with the
absence of a reduction in HSV1 DNA copy numbers in tears by
treatment with 500 mg of valacyclovir daily for 30 days (42),
whereas 400 mg of acyclovir can significantly reduce the number
of HSV keratic recurrences (31). Biological efficacy is achieved
with 70 or 140 mg/kg of valacyclovir in rabbits (43), equivalent to
approximately 5 g or 10 g daily for humans, i.e., 10- or 20-fold the
usual 500-mg dosage of valacyclovir. Finally, our data add to pre-
viously reported clinical data (time for complete resolution of
retinitis between 2 and 17 weeks[7, 13, 44], possible recurrence in
the same eye despite ongoing antiviral treatment [44]) and bio-
logical data (presence of viral genome from 2 weeks to 6 months
[20, 33,40]) and strongly suggest that a more prolonged high-dose
therapy (probably up to 50 days) could be considered for patients
with ARN, especially those with VZV infection.

Modeling the VZV load in patients with ARN may help the
clinician to evaluate the duration of therapy when a decrease of
DNA has been initiated. Since AH samples can be collected at the
time of intravitreal injections, QPCR may be a useful technique to
monitor patients with VZV ARN. An unanswered question is also
the viral load threshold at which it can be considered that therapy
may be stopped, since low viral load may persist for several
months, as demonstrated in this series.

In conclusion, the use of gPCR demonstrated a course of VZV
DNA reduction with virus clearance kinetics, including a plateau
followed by a logarithmic reduction. These data provide an expla-
nation for the fact that the conventional duration of 10 days of
intravenous acyclovir could be insufficient in patients who do not
present rapid healing and that therapeutic strategies should be
further evaluated. Since all the patients in this series seemed to
respond with similar kinetics once the viral load started to decline,
modeling the VZV DNA load defined in this study could also be
useful to predict the course of viral loads in new patients.
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