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ABSTRACT Diagnosis of herpes simplex keratitis (HSK) is mostly based on clinical 
findings, yet biological confirmation supports management of challenging cases. This 
study evaluated the place of real-time quantitative PCR (RT-qPCR) on tear samplings 
in the management of HSK. Clinical records of patients who underwent tear sampling 
tested by RT-qPCR for herpes simplex virus type 1 for an acute episode of corneal 
inflammation or defect between January 2013 and December 2021 were retrospec
tively reviewed, and results were compared to clinical diagnosis (i.e., HSK or not) 
based on biomicroscopic findings and medical history. Of 465 tested tear samples 
from 364 patients, a clinical diagnosis of active (ongoing) HSK was recorded in 240 
cases, among which 76 were RT-qPCR positive (global sensitivity of 31.6%, specificity 
of 99.5%). Sensitivity of RT-qPCR was higher in epithelial (97.4%) and stromal keratitis 
with ulceration (48.7%), compared to other types of HSK (23.5% in keratouveitis, 13.6% 
in endotheliitis, 11.1% in postherpetic neurotrophic keratopathy, and 8.1% in stromal 
keratitis without ulceration). The highest viral loads were detected from epithelial and 
stromal keratitis with ulceration, while in HSK with no epithelial involvement, the viral 
load detected was 196-fold lower, on average. The proportion of clinically character
ized HSK patients with negative tear samples was higher in patients receiving antiviral 
treatment (P < 0.0001). RT-qPCR, performed on tear samples, can help in confirming 
diagnosis in case of presumed HSK, including clinical forms with no obvious epithelial 
involvement. The sensitivity of tear sampling is much higher whenever epithelial keratitis 
is present.
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H erpes simplex keratitis (HSK) is a broad term that encompasses a range of corneal 
diseases caused by herpes simplex virus type 1 (HSV1). These diseases involve 

varying combinations of viral replication, immune reactions, and trophic alterations. With 
an estimated prevalence of 150/100,000 in the general population, HSK is considered 
as a leading cause of infectious blindness in industrialized countries (1–3). Diagnosis 
is based on clinical findings and medical history, although it can be challenging in 
atypical presentations (4, 5). Furthermore, it is advisable to have biological confirmation 
of this chronic and potentially recurring disease in order to enhance the comprehensive 
medical and surgical treatment options that may be necessary to optimize outcomes.

Due to a very high sero-prevalence in the general population—up to 60% in subjects 
above 40 years in industrialized countries (6)—serology is rarely helpful, except if 
negative (3). For these reasons, microbiological analysis of ocular surface (OS) samples 
may be of utmost importance in challenging cases and in cases of clinical failure to 
anti-herpetic drugs, in order to assess potential antiviral resistance (7). In this context, 
detection and quantification of the viral genome by polymerase chain reaction (qPCR) on 
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OS samples have largely supplanted other techniques such as immunofluorescence or 
viral titration on cell culture (8).

Two main techniques are commonly used to sample HSK: corneal scraping and 
tear sampling, and there are no existing recommendations regarding the preferable 
technique, especially according to the clinical form of HSK (5, 8, 9). Additionally, aqueous 
tap can be considered in HSK cases involving viral replication within the anterior 
chamber, such as endotheliitis and keratouveitis (10–12). Although corneal scraping may 
logically offer a higher sensitivity (due to a broader harvest of infectious particles) than 
tear samples (8), it is not appropriate for HSK subtypes with no spontaneous epithelial 
involvement, since the additional epithelial defect induced by this invasive procedure 
may be detrimental for the time of HSK healing, especially in these patients who often 
present with altered corneal sensitivity and trophicity (10). Using a Schirmer strip for tear 
sampling provides a convenient, painless, and non-invasive alternative to evaluate the 
presence of viral genetic material in tears and to identify genetic variants of HSV1, when 
applicable.

In this study, we evaluated the diagnostic performances of real-time quantitative PCR 
(RT-qPCR) in tear samples from Schirmer strip for diagnosis of various clinical presenta
tions of HSK, and we discuss the advantages of this method compared to other sampling 
techniques in the management of HSK.

MATERIALS AND METHODS

Patients

In this retrospective study conducted at Bicêtre Paris-Saclay University Hospital labeled 
as the French Reference Center for recurrent HSK, we reviewed all the medical charts of 
patients who underwent tear sampling for HSV1 RT-qPCR for an acute episode of corneal 
inflammation or defect between January 2013 and December 2021, and we compared 
the results to clinical diagnosis (i.e., HSK or not), based on biomicroscopic findings (slit 
lamp examination) and medical history. The results of this study were reported according 
to the CONSORT guidelines.

Patient data collected included age, gender, clinical features of HSK, and any ongoing 
antiviral treatment at the time of sampling (i.e., antiviral prophylaxis in patients with 
multiple previous recurrences). Only cases of active corneal inflammation or corneal 
defect at time of sampling were included in the analysis. Relapses were differentiated 
from first episodes and reported as well as keratitis with or without epithelial involve
ment. The study adhered to the principles of the Declaration of Helsinki and received 
approval from the Ethics Committee of the French Society of Ophthalmology (IRB 
00008855 Société Française d’Ophtalmologie IRB#1).

Sample collection

To minimize potential PCR inhibition by anesthetic or fluorescein eye drops, tear samples 
were obtained either before instilling any eye drop or at least 10 minutes after having 
rinsed the eyes with sterile 0.9% saline solution (13). A Schirmer strip (Schirmer-Plus, 
DINA-HITEX, Czech Republic) was placed in the lower conjunctival cul-de-sac for 5 
minutes to collect the tears (14). Subsequently, the strip was placed in a sterile collection 
tube (Greiner Bio-one, Austria) with one drop of sterile 0.9% saline solution.

Nucleic acid extraction and real-time quantitative PCR

Schirmer strips were completely submerged in 250 µL of extraction buffer (which 
contains RNA carrier, proteinase K, maleic acid, and guanidine chlorhydrate) and 
incubated at 56°C for 1 h. The supernatant was purified using the QIAmp MinElute 
Virus Spin kit (Qiagen, Les Ulis, France) with a step of ethanol precipitation. Elution 
was performed in 50 µL of DNase-free buffer, and nucleic acid extracts were stored 
at −20°C until use. A 10-µL volume was used to perform RT-qPCR with HSV1&2 and 
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Varicella-Zoster Virus (VZV) R-GENE kit (bioMérieux, Marcy L’étoile, France). Quantification 
(copies per milliliter) was performed against calibration standard curve of the kit.

Patient groups

As clinical diagnosis is considered as the reference in typical HSK (4, 5), we chose it 
as the diagnostic gold standard in this study and based it on the following: (i) slit 
lamp examination for epithelial, stromal or endothelial abnormalities typical of HSV1 
infection; (ii) the disease history (multiple relapses, in the same eye, of epithelial, 
stromal or endothelial keratitis or keratouveitis), including the efficacy of antiherpetic 
treatment (oral valacyclovir, oral famciclovir, oral or topical acyclovir, topical ganciclovir) 
for previous episodes; and (iii) no history of herpes zoster ophthalmicus. HSK presenta
tions were classified into six clinical subtypes (5): (i) epithelial keratitis including dendritic 
and geographic ulcers, (ii) stromal keratitis without ulceration, (iii) stromal keratitis with 
ulceration, (iv) endothelial keratitis, (v) kerato-uveitis, and (vi) postherpetic neurotrophic 
keratopathy.

Four groups were included in the analysis, as depicted in the flowchart (Fig. 1): (i) true 
positives (TP), HSK patients with clinically confirmed diagnosis and a positive sample; 
(ii) false negatives (FN), HSK patients with clinically confirmed diagnosis but a negative 
sample; (iii) true negatives, patients with an alternative diagnosis, who had a negative 
qPCR sample; and (iv) false positives (FP), patients with an alternative diagnosis, who had 
a positive RT-qPCR sample. Patients with an alternative diagnosis were considered as a 
control group.

Statistical analysis

Statistical analysis was conducted using GraphPad Prism 9.0. Clinically diagnosed HSK 
patients were categorized based on their RT-qPCR results (positive or negative) and 
compared together using nonparametric Mann-Whitney U tests for continuous variables 
and χ2 (or Fisher exact when necessary) tests for categorical variables. The values of qPCR 
(viral loads) were compared using nonparametric Mann-Whitney U tests and reported 
using scatter plots. A P-value of less than 0.05 was considered statistically significant. 
Sensitivity, specificity, and negative and positive predictive values (NPV and PPV) of 
the RT-qPCR test (and their 95% confidence intervals) were calculated using the clinical 
diagnosis of HSK as the reference standard on the entire sample and according to the 
keratitis subtype.

FIG 1 Flow chart of the study. RT-qPCR, real-time quantitative PCR; HSK, herpes simplex keratitis; TP, true positive; FN, false negative; FP, false positive; TN, true 

negative.

Full-Length Text Journal of Clinical Microbiology

December 2023  Volume 61  Issue 12 10.1128/jcm.00885-23 3

https://doi.org/10.1128/jcm.00885-23


RESULTS

Between January 2013 and December 2021, a total of 465 eyes from 364 patients 
underwent tear sampling with HSV1-specific qPCR testing and were included in this 
study. Among them, a clinical diagnosis of HSK had been established for 240 eyes, in 
all cases for a unilateral herpetic disease. The remaining 225 samples were assigned 
alternative diagnoses and served as negative controls. These alternative diagnoses 
included microbial keratitis (34.4%), catarrhal infiltrates (15.2%), severe keratoconjunc
tivitis sicca (8.5%), non-herpetic neurotrophic keratopathy (8.5%), recurrent corneal 
erosion syndrome (6.1%), endothelial decompensation (4.4%), and Thygeson kerati
tis (4%). Other diagnoses (18.9%) comprised various keratopathies such as expo
sure keratitis, corneal dellen, post-surgical keratitis, and mechanical ulcers. Presumed 
VZV-induced keratitis cases were excluded from either group.

Clinically characterized HSK

In this group, RT-qPCR was positive in 76 samples (TP) and negative in 164 samples (FN). 
The clinical features of these HSK are summarized in Table 1. Among clinically character
ized HSK patients, 160 (67%) received antiviral prophylaxis at the time of sampling (Table 
S1). Significant differences were observed, with a higher proportion of treated patients 
in the stromal keratitis without ulceration subgroup (P = 0.048, 35% vs 22.5%) and a 
higher proportion of untreated patients in the epithelial keratitis subgroup (P = 0.0002, 
28.7% vs 10%). HSV1 viral loads ranged from 1 to 107 copies/mL (mean: 1.8 × 105 ± 1.4 
× 105 copies/mL) (Fig. 2A; Table 2). An epithelial defect was found in 75% of positive 
samples and significantly associated with a higher viral load (Fig. 2B; 2.3 × 105 ± 1.7 × 105 

vs 327 ± 907 copies/mL, P < 0.0001). Otherwise, epithelial keratitis and stromal keratitis 

TABLE 1 Clinical characteristics of patients and controlsa

Clinically characterized HSK patients Alternative diagnosis

RT-qPCR positive, n = 76 
(31.5%)

RT-qPCR negative, n = 164 
(68.5%)

P-value RT-qPCR positive 
(n = 1)

RT-qPCR negative 
(n = 224)

Age (years, median) 56.5 54.6 0.5 56 51.8
Male 46 (60%) 96 (58.5%) 0.9 0 107 (48%)
Female 30 (40%) 68 (41.5%) 0.9 1 (100%) 117 (52%)
Keratitis subtype
  Epithelial 38 (50%) 1 (0.6%) <0.0001 0 66 (29.5%)
  Stromal without ulceration 6 (7.9%) 68 (41.5%) <0.0001 1 (100%) 56 (25%)
  Stromal with ulceration 19 (25%) 20 (12.2%) 0.01 0 8 (3.6%)
  Endotheliitis 6 (7.9%) 38 (23.1%) 0.004 0 62 (27.7%)
  Kerato-uveitis 4 (5.3%) 13 (8%) 0.6 0 13 (5.8%)
  Postherpetic neurotrophic keratopathy 3 (4%) 24 (14.6%) 0.009 0 19 (8.5%)
Epithelial defect 60 (79%) 44 (26.8%) <0.0001 0 149 (66%)
First episode (vs recurrence) 32 (42.1%) 26 (15.8%) <0.0001 Non relevant Non relevant
Antiviral intake at the time of sampling 39 (51.3%) 121 (73.8%) <0.0001 0 35 (15.7%)
Epithelial 16 (21.1%) 0 <0.0001 6 (2.7%)
Stromal without ulceration 4 (5.2%) 52 (31.7%) <0.0001 12 (5.4%)
Stromal with ulceration 12 (15.8%) 15 (9.1%) 0.13 5 (2.2%)
Endotheliitis 4 (5.2%) 26 (15.8%) 0.02 2 (0.9%)
Kerato-uveitis 2 (2.6%) 9 (5.5%) 0.5 4 (1.8%)
Postherpetic neurotrophic keratopathy 1 (1.3%) 19(11.5%) 0.005 6 (2.7%)
Treatments at the time of sampling
  Valacyclovir 29 (38.2%) 94 (56.7%) 0.008 0 33 (14.8%)
  Acyclovir 3 (3.9%) 10 (6%) 0.75 0 0
  Famciclovir 6 (7.9%) 17 (10.3%) 0.64 0 2 (0.9%)
  Topical ganciclovir 2 (2.6%) 0 0.09 0 0
aHSK, herpes simplex keratitis; RT-qPCR, real-time quantitative PCR.
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with ulceration were significantly more prevalent (respectively; P < 0.0001 and P = 0.01) 
in clinically characterized HSK patients with positive tear sample (Table 1). In the latter 
group, viral loads were similar regardless of whether patients were receiving antiviral 
treatment at the time of sampling or not (Fig. 2C). However, the proportion of clinically 
characterized HSK patients with negative tear sample was higher in patients receiving 
antiviral treatment at the time of sampling (P < 0.0001 Table 1). Finally, the viral load was 
not different between first episodes and relapses of HSK (Fig. 2D).

Alternative diagnosis

Out of 225 eyes with an alternative diagnosis, RT-qPCR on tear samples showed negative 
results in 224 cases (specificity of 99.5%, Table 1). The clinical characteristics of HSK 
patients and patients with an alternative diagnosis (control group) are summarized in 
Table S2. Notably, the rate of RT-qPCR positivity was significantly lower within the control 
group (P < 0.0001; Table S2). Indeed, we detected only one positive HSV1 sample among 
the control group, coincidentally with a clinical presentation typical of adenoviral (ADV) 

FIG 2 (A) Concentration of HSV1 DNA in tear samples according to the keratitis group. Scatter plots of 

viral loads according to (B) presence versus absence of an epithelial defect (P < 0.0001). (C) Treated versus 

untreated with antivirals at sampling (non-significant). (D) Relapse versus first episode (non-significant).
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keratoconjunctivitis and a positive ADV PCR in tears. The presence of HSV1 DNA in 
this case was considered due to incidental shedding, as the complete medical records 
were indicative of ADV epidemic keratoconjunctivitis and the ocular condition improved 
without specific antiviral HSV therapy. This case was thus classified as a false positive.

Diagnostic accuracy of tear samples

When compared to the clinical reference standard, the overall sensitivity, specificity, 
PPV, and NPV of HSV1 RT-qPCR in tears for diagnosing HSK were 31.6%, 99.5%, 98.7%, 
and 57.7%, respectively. The sensitivity was higher for epithelial and stromal keratitis 
with ulceration (97.4% and 48.7%, respectively) compared to keratouveitis, endotheliitis, 
postherpetic neurotrophic keratopathy, and stromal keratitis without ulceration (23.5%, 
13.6%, 11.1%, and 8.1%, respectively). The characteristics of the test, including sensitivity, 
specificity, and predictive values, are summarized in Fig. 3.

The sensitivity of the test was globally better in treatment naïve versus antiviral 
treated patients (Tables S3 and S4).

DISCUSSION

Our results confirm the usefulness of RT-qPCR on tear samples to obtain microbiological 
confirmation in various clinical subtypes of HSK.

Pros and cons of tear sampling

Tear sampling is a non-invasive and painless method which is useful in HSK subtypes 
where scraping is not possible or could be deleterious, i.e., when the corneal epithelium 
is intact. In the present study, tear samples yielded positive results in HSK clinical 
subtypes with predominant intraocular inflammation such as endotheliitis, where 
aqueous tap may be proposed. The overall rate of viral DNA detection in active HSK 
(regardless of the sampling method) has been reported in the literature to range from 
20% to 37% (14–17), which is consistent with our series (31.8%). Previous studies have 
reported a higher detection rate of HSV1 DNA in epithelial keratitis, ranging from 80% to 
100% (18–20), compared to 97.4% in our study.

Compared to tear specimens, corneal scrapings have been suggested to yield higher 
viral loads. Satpathy et al. demonstrated a twofold higher rate of positive PCR in corneal 
scrapings (36.6% vs 18.3% in tear sampling) among 153 clinically suspected HSK cases, in 
which both techniques were employed (14). The rate of detection in tear specimens was 
much lower in non-epithelial keratitis, especially stromal keratitis (18–20). In our study, 
the sensitivity of tear sample RT-qPCR in cases of stromal keratitis without ulceration was 
low (8.1%). Kakimaru-Hasegawa et al. and Fukuda et al. found a sensitivity of tear 
sampling for stromal HSK of 43% (12/28) and 57% (8/14), respectively, but their studies 
included a limited number of cases (19, 20). In a larger cohort of 146 clinically suspected 
stromal HSK patients, Qiu et al. reported a 10.96% rate of positive PCR in tears (21), 
similar to our findings.

Anterior chamber tapping is often considered as a good option for diagnosis of HSV1 
endotheliitis or keratouveitis while tear sample testing is generally not mentioned in 
literature in such cases. Kakimaru-Hasegawa et al. found 25% of positive PCR (2/8) in the 

TABLE 2 HSV1 viral loads in tear samples (mean, standard deviation of mean)

Specimens HSV1 DNA, copies/mL

Epithelial keratitis 38 3.3 × 105 ± 2.7 × 105

Stromal keratitis without ulceration 6 219 ± 153
Stromal keratitis with ulceration 19 4.3 × 104 ± 2.7 × 104

Endotheliitis 6 629 ± 596
Kerato-uveitis 4 40 ± 15
Postherpetic neurotrophic keratopathy 3 954 ± 493
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aqueous humor in cases of endotheliitis (20), a rate that is of the same order of magni
tude than our results from tears (13.6%), in contrast to other studies in which HSV DNA 
was not detected in tears from endotheliitis patients (18, 19). Table 3 summarizes the 
findings from various studies on the detection rate of HSK, which, although diverse in 
nature, were considered relevant.

In addition to its non-invasiveness nature, tear sampling from Schirmer strip offers the 
possibility to perform genotyping for the detection of resistance to antiviral drugs (7, 23). 
This technique, a convenient alternative to phenotypic testing, relies on sequencing both 
viral thymidine kinase and viral DNA polymerase genes to ascertain whether genetic 
mutations may account for the diminished sensitivity of the isolated viral strains to 
antiviral drugs (24, 25). Although obtaining a lower viral load in tears compared to 
corneal scrapings (16, 20) can sometimes hinder the effectiveness of genotyping (7, 10, 
23), we recently published a series of HSK cases caused by acyclovir-resistant strains, 
in which RT-qPCR on tear samples unveiled resistance to antiviral drugs in a significant 
number of cases (26). Finally, the main drawback of tear sampling appears related to its 
non-invasive nature, as it does not encompass a step of epithelial debridement, which 
accelerates the healing process in dendritic and geographic epithelial keratitis (27).

Why is diagnostic accuracy so different in the different clinical HSK subtypes?

There are some important anatomical and pathophysiological mechanism differences 
between HSK clinical subtypes that may influence effectiveness of tests on tear samples 
(5, 10). Epithelial HSK is mainly caused by viral replication in corneal epithelium (directly 
in contact with tears). Similarly, stromal HSK with ulceration is also associated with 
high levels of viral replication on the OS, including epithelium and stroma (5, 10, 
28). At the opposite, stromal HSK without ulceration is mainly immune mediated, 
induced by the immune conflict in response to HSV stromal antigens, and associated 

FIG 3 Diagnostic testing accuracy. PPV, positive predictive value; NPV, negative predictive value; CI, confidence interval. Color 

code: red shading, 0%–25%; orange shading, 25%–75%; green shading, 75%–100%.
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with low-grade intrastromal viral replication with limited viral shedding in tears (5, 10, 
28). Endotheliitis is linked to high-grade viral replication, but the latter occurs in the 
innermost corneal layer, leading to minimal viral shedding in tears. Concordantly, the 
present study showed better sensitivity and higher viral loads in HSK with epithelial 
involvement, compared to those without epitheliopathy, especially stromal keratitis 
without ulceration, endotheliitis, and keratouveitis. Finally, post-herpetic neurotrophic 
keratopathy is usually considered as a sequalae of previous episodes, not involving 
viral replication. However, three cases in our series were HSV1-DNA positive (11.1%), 
suggesting possible low-grade chronic viral shedding and/or local replication in some 
patients presenting with what appears to be a typical presentation of neurotrophic 
keratopathy.

Limitations of the study

This study was limited by its retrospective nature, although it included a large series 
of cases compared to those of previous publications. One possible bias in our study 
stemmed from using clinical aspects and disease history as the gold standard for 
diagnosis, instead of employing an alternative sampling method. This approach may lack 
objectivity, but clinical diagnosis is widely regarded as the benchmark for diagnosing 
typical HSK (4, 5). Additionally, it would be inconceivable to compare tear sampling with 
corneal scraping (and/or aqueous tap) in cases where disrupting the epithelium and/or 
the anterior stroma could adversely affect the clinical course of the disease. In atypical 
cases, slit-lamp diagnosis of HSK can be challenging and potentially lead to a biased 
classification of HSK. However, taking into account the patients’ disease history and their 
response to anti-herpetic drugs provides crucial clues to correctly categorize individuals.

Moreover, it is possible that VZV keratitis might have been misidentified as HSV 
keratitis, given that VZV keratitis can (i) occur without the presence of shingles or herpes 
zoster (referred to as zoster sine herpete) (10, 29) and (ii) relapse and thus mimic HSK (30). 
However, we did not observe RT-qPCR positive for VZV in our group of presumed HSV 
keratitis, suggesting that our non-inclusion criteria were quite robust.

TABLE 3 HSV PCR detection rates according to clinical subtypes and sampling techniques in the literaturea

Reference HSK subtypes Type of sampling Detection rate Viral load Sensitivity Specificity

Fukuda et al. (19) Epithelial: n = 27 Tears 100% 6.4 × 105 (1) NA NA
Stromal: n = 14 Tears 57% 1.4 × 105 (1)

Kakimaru-Hasegawa 
et al. (20) Epithelial: n = 15 Tears/scraping 100% 3.5 × 105/107 (1) NA NA

Stromal: n = 10 Tears/scraping 50% 4.7 × 102/2.8 × 105 (1)
Endothelial: n = 8 Aqueous humor 25% 2.9 × 102 (1)

Fukuda et al. (18) Epithelial: n = 37 Tears 81% 3.9 × 105 (2) NA NA
Stromal: n = 22 Tears 59% 8.9 × 105 (2)
Uveitis: n = 7 Aqueous humor 14.30% 3.8 × 104 (2)

Satpathy et al. (14) Not specified Tears 18.30% No quantifications 100% (3) 90.7% (3)
n = 153 Scraping 36.60% 100% (3) 71.3% (3)

Shoji et al.(22) Epithelial: n = 23 Tears 78.30% 2.3 × 104 (1) 55.8% (4) 100% (4)
Stromal: n = 9 Tears 33.30% 3.1 × 102 (1)

Qiu et al. (21) Stromal: n = 146 Tears 11% NA 11% (4) 100% (4)
Present study Epithelial: n = 39 Tears 97.40% 3.3 × 105 (2) 97.4% (4) 100% (4)

Stromal without ulceration: n = 74 Tears 8.10% 219 (2) 8.1% (4) 98.1% (4)
Stromal with ulceration: n = 39 Tears 48.70% 4.3 × 104 (2) 48.7% (4) 100% (4)
Endotheliitis: n = 44 Tears 13.60% 629 (2) 13.6% (4) 100% (4)
Keratouveitis: n = 17 Tears 23.50% 40 (2) 23.5% (4) 100% (4)
Neurotrophic: n = 27 Tears 11.10% 954 (2) 11.1% (4) 100% (4)

a(1) Copies/sample, (2) copies/mL, (3) compared to cell culture, (4) compared to clinical diagnosis. NA, non available.
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An additional limit in evaluating the sensitivity of PCR from tear sampling could be 
associated with the circumstance that a substantial number of patients were sampled 
due to a recurrence of HSK despite ongoing prophylactic antiviral therapy (N = 160, 67%), 
which might have affected viral load levels and detection rates. Corroborating this is 
the observation that patients who were undergoing preventive treatment at the time of 
relapse were more commonly found to test negative for RT-qPCR in tears.

The variability in tear sampling methods could potentially skew comparisons 
between studies. In fact, there is currently no standardized approach to tear sampling. 
For instance, Satpathy et al. used Schirmer strips without moistening the strip nor rinsing 
the OS before sampling (14), while Fukuda et al. rinsed the OS with 500 µL of saline 
solution and sampled non-standardized volumes using a micropipette (18). Kakimaru-
Hasegawa et al. also used a micropipette to sample tears but collected a calibrated 
volume of 200 µL (20). Furthermore, results in the literature are presented either as 
copies per sample or copies per milliliter.

The interpretation of RT-qPCR results may be constrained by the inability to 
distinguish between pathological and normal shedding of HSV1 in the tear film (31, 
32). However, viral loads associated with asymptomatic shedding are usually very low 
(33). Nevertheless, there is no definitive consensus threshold to distinguish between 
continuous asymptomatic shedding and pathogenic viral replication.

In summary, this study highlights the value of HSV1 RT-qPCR testing of tear samples 
as a diagnostic tool for HSK. Its diagnostic performance varies among different clinical 
subtypes, with notably improved accuracy when viral replication occurs in the corneal 
epithelium.

What is already known in the diagnostic performance of real-time quantita
tive PCR in tear samples?

• The viral load is higher in corneal scrapings, compared to tear specimens, and 
significantly yielded a twofold increased rate of detection

• Tear sampling is a non-invasive method and could be useful in HSK subtypes 
where scrapping is not possible

• The sensitivity is lower in non-epithelial keratitis, especially keratitis without 
ulceration

What this study adds

• Diagnostic testing accuracy data are scarce. This study allowed to determine the 
diagnostic testing accuracy in a large cohort, according to various HSK subtypes.
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