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Introduction: Acute adenoviral conjunctivitis is a disease with mild to severe clinical manifestations. Animal models have provided 
insight into the role of the innate immune system in clinical damage, but the human immune response at the ocular surface remains 
poorly understood. Therefore, this study aimed to establish the relationship between tear cytokine levels and disease severity in 
patients with epidemic keratoconjunctivitis (EKC).
Methods: Fourteen consecutive patients with EKC, confirmed with HAdV8 infection, were included. Ocular characteristics were 
documented, and each patient’s eye was classified as having more or less severe disease. After tear sampling, levels of cytokines IL-8, 
IL-6, IL-1b, IL-10, IL-12, and TNF-a were measured using a cytometric bead array.
Results: Our results showed the expression of proinflammatory cytokines in EKC-affected eyes. IL-6, IL-8, and IL-12 significantly 
correlated with the total clinical ophthalmological score. In the more severely affected eyes, IL-8 and IL-6 significantly correlated with 
conjunctival hyperemia, and IL-6 correlated with conjunctival swelling. In the less severely affected eyes, inflammatory response, 
conjunctival hyperemia, and conjunctival hemorrhages were significantly correlated with IL-12 and TNF-a, and ocular discharge was 
significantly correlated with all tear cytokines. IL-10 was detected in both eyes, suggesting a possible regulatory counterbalance.
Discussion: This study offers novel insights into the pathophysiology of human adenoviral keratoconjunctivitis and its association 
with clinical data.

Plain language summary: Despite the clinical significance of adenoviral keratoconjunctivitis, most studies have concentrated on 
defining its genotype. Similarly, knowledge of the molecular basis of adenoviral conjunctivitis comes from animal models or cellular 
lines. Prior to our work, the human immune response at the ocular surface during adenovirus conjunctivitis was poorly understood. 
Our study described the clinical features of the disease based on severity and found significant correlations between proinflammatory 
tear cytokines and clinical signs. The results of this study provide new insights into the pathophysiology of adenoviral keratocon
junctivitis and a potential new approach to diagnosis and prompt treatment. 
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Introduction
Human adenovirus (HAdV) is a highly infectious pathogen capable of arresting all mucosal tissues including the ocular surface, 
and inducing illness via severe respiratory, gastrointestinal, and genitourinary infections.1,2 Adenovirus is highly contagious and 
is the leading cause of infectious conjunctivitis worldwide.2 They can induce outbreaks in enclosed environments such as 
hospitals, schools, or military institutions due to direct hand-to-hand or eye-to-hand transmission, resulting in large economic 
losses due to missed work.3 Adenoviral conjunctivitis usually manifests as acute viral follicular conjunctivitis, epidemic 
keratoconjunctivitis (EKC), pharyngoconjunctival fever (PCF), or chronic/relapsing adenoviral conjunctivitis.4 EKC is the 
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most severe ocular infection caused by HAdV. Among the seven groups of HAdV (A-G), adenovirus group D (−8, −19, and −37) 
affects the conjunctiva, and cornea inducing severe prolonged inflammation in the form of EKC.3,5

The adenoviral disease begins after an incubation period of 5–10 days in one eye as an acute follicular or 
pseudomembranous/membranous conjunctivitis. After 2 or 3 days, diffuse epithelial keratitis may be present, and after 
one week, focal areas of subepithelial infiltrates may appear, compromising vision quality due to astigmatism and corneal 
aberrations, which may persist over time.1,4,6,7 About 7–10 days after the commencement of the acute phase of 
conjunctivitis, subepithelial nummular corneal opacities appear, inducing halos, and in some cases, blurred vision, 
which rarely may persist for years.6,8 Characteristics of the disease include significant edema of the plica, caruncle, 
and conjunctiva, of variable severity. Edematous lid swelling could be accompanied by pseudoptosis due to inflammation 
and is frequently seen in the primarily affected eye. Similar but usually milder manifestations commonly appear after two 
to seven days in the second eye and may remain unnoticed. Characteristic symptoms include tearing, foreign body 
sensation, itching, pain, and photophobia as a result of punctate epithelial corneal lesions.8

After adenoviral infection, replication occurs in ocular surface epithelial cells, followed by interleukin (IL) 8 expression in 
corneal stromal cells.9 Fibroblast-like stromal keratocytes may respond to adenovirus by expressing numerous pro-inflammatory 
mediators, including Monocyte Chemoattractant Protein-1 (MCP-1), IL-6, and Interferon-gamma Inducible Protein 10 (IP-10)10 

Despite our understanding of the immune response after adenoviral infection in animal models, the production of cytokines 
during acute adenoviral infection and its relationship to disease severity has not been explored in humans. Therefore, our study 
aims to identify the cytokine profile during acute (epidemic) adenovirus conjunctivitis and its correlation with clinical disease 
severity.

Materials and Methods
Patients
Fourteen consecutive patients with untreated epidemic keratoconjunctivitis, diagnosed clinically and confirmed by of 
HAdV8 infection via polymerase-chain reaction (PCR), were included in the study. Informed consent was obtained from 
all patients to perform a complete ophthalmological evaluation before obtaining tear samples and clinical photographs. 
The Investigation, Biosecurity, and Ethics Committees of the Institute of Ophthalmology ¨Conde de Valenciana 
Foundation” (CC-04-2007) in Mexico City approved the study, assuring compliance with the Declaration of Helsinki.

Clinical Evaluation
A complete medical-ophthalmologic history was performed, and clinical signs were identified using a slit lamp (Carl 
Zeiss, Meditec Inc., Dublin, CA, USA). Ocular signs such as eyelid involvement, conjunctival hyperemia, conjunctival 
hemorrhages, discharge, swelling, inflammatory response, and corneal involvement in either eye were recorded in each 
patient. To establish the most and least severely affected eye, the severity of each sign was classified on a scale of 0 to 4, 
where 0 = None, 1 = Mild, 2 = Moderate, 3 = Severe, and 4 = Very Severe. The sum of all signs per eye was obtained to 
get a final score. Clinical descriptions of signs with an assigned grade of severity are shown in Table 1. The eye with the 
higher score was identified as the most affected eye (MAE), and the contralateral eye as the less affected eye (LAE). The 
total clinical ophthalmological score per patient was obtained with the sum of both eyes. Representative clinical 
photographs for each grade are presented in Figure 1. All cases were documented by clinical photography. The evolution 
time was considered from the onset of the symptoms until tear sampling. All patients in this study presented bilateral 
adenoviral infection. No additional microbial infections were identified at the time of sampling.

Tear Samples and Determination of Soluble Cytokines in Tears
Tear samples were taken from each patient’s eye by applying 20mL of sterile saline solution to the ocular surface and 
immediately recovering tear fluid via a sterile capillary, following the methodology reported in.11 All tear samples were taken 
from 9:00 am to 12:00 am before scraping conjunctiva for laboratory diagnosis. The cytokines IL-1 β, IL-6, IL-8, IL-10, IL- 
12p70, and Tumor Necrosis Factor alfa (TNF-α) were identified using a Human Inflammation Cytokine kit (BD Biosciences, San 
Jose, CA, USA) and were measured using cytometry bead arrays according to the manufacturer’s instructions (BD Biosciences) 
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Table 1 Adenoviral Conjunctivitis Grade of Severity Classification

Grading Eyelid 
INVOLVEMENT

Conjunctival 
Discharge

Conjunctival 
Hyperemia

Conjunctival 
Hemorrhages

Conjunctival Swelling Inflammation 
Response

Corneal 
Involvement

0 No eyelid edema No discharge No hyperemia No hemorrhages No swelling No papillary 

hyperplasia or 

visible follicles

No visible opacities

1 Localized superior or 

inferior eyelid edema

Watery discharge and/ 

or debris within

Hyperemia 1+ to 2 + Diffuse dot 

hemorrhages in tarsus 
<5

1/3 conjunctival edema with 

partial visible conjunctival vessels

Papillae may be 

present 1+ and 
small follicles (< 5) 

in tarsal conjunctiva

SPK or isolated 

subepithelial infiltrates 
<5

2 Generalized superior or 

inferior eyelid edema 

and/or pink violaceous 
aspect

Mucoid discharge 

and /or 1/3 superior 

or inferior 
pseudomembrane 

formation

Hyperemia 2+ to 3+ Diffuse dot 

hemorrhages (5 to 10) 

confluent in tarsus

2/3 Conjunctival edema with 

some visible conjunctiva vessels

Visible moderate 

follicles (5 to 10) in 

tarsal conjunctiva 
and/or sac fundus

Multiple subepithelial 

infiltrates (5 to 10) 

without compromise 
of visual axis

3 Generalized superior 

and inferior eyelid 

edema with visible 
redness aspect

Mucopurulent 

discharge and/or 2/3 

pseudomembrane 
formation

Hyperemia >3+ with 

visible localized 

engorgement of ciliary 
vessels

> 10 dot hemorrhages 

in tarsus and /or diffuse 

bulbar subconjunctival 
hemorrhage

More than 2/3 edema with barely 

visible conjunctival vessels and/or 

plica formation in sac fundus and 
inferior tarsus

> 10 follicles in 

tarsal conjunctiva 

and/or sac fundus

Multiple localized 

subepithelial infiltrates 

(5 to 10) with 
compromise of visual 

axis

4 Generalized edema with 

violaceous or 

hemorrhagic aspect plus 
shearing of epidermis

> 2/3 

pseudomembrane 

formation or 
membrane 

formation*, including 

sac fundus

> 3+ with generalized 

engorgement of ciliary 

vessels

Generalized 

subconjunctival 

hemorrhage

Tarsal conjunctiva vessels not 

visible and/or generalized 

chemosis

Multiple conjunctival 

folding, fibrosis and/ 

or fornix 
foreshortening

> 10 generalized 

infiltrates with visual 

axis compromise

Note: 1+ Diffuse slight redness of bulbar conjunctival vessels; 2+ Local moderate redness of bulbar conjunctival vessels; 3+ General severe redness of bulbar conjunctival vessels. * Considered present when positive peel off bleeding 
occurred. 
Abbreviation: SPK, Superficial Punctate Keratitis.
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and analyzed using flow cytometry (FACS Calibur, Biosciences, Franklin Lakes, NJ, USA). Kit detection limits were as follows: 
IL-1β, 7.2 pg/mL; IL-6, 2.5 pg/mL; IL-8, 3.8 pg/mL; IL-10, 3.3 pg/mL; IL-12p70, 1.9 pg/mL; and TNF-α, 3.7 pg/mL. The upper 
limit for all cytokines was 2500 pg/mL.

Laboratory Confirmation of Adenovirus Infection
The sample was collected by scraping the lower conjunctival sac using a calcium alginate swab (Eurotubo, S.A., Spain), 
and then placed in a transport medium containing 50 mg/mL gentamicin, 500 U/mL penicillin-streptomycin, 1 mg/mL 
fungizone, and 5% bovine serum albumin in Hank’s buffer (Gibco, Invitrogen Ltd., USA). Subsequently, all samples 
were processed at the clinical laboratory of the Institute of Ophthalmology “Conde de Valenciana” using the methodol
ogy described by Mejía-Lopez12 to identify adenovirus 8 infection through PCR.

Statistical Analysis
Parametric distribution was assessed using the Shapiro–Wilk test, comparisons between the more and less severely 
affected eyes were performed using the Mann–Whitney U-Test, and the Spearman test was used to assess correlations. 
GraphPad Prism 9 (GraphPad Software Inc., La Jolla, CA, US) and SPSS 22 (IBM Corporation, Armonk, NY, US) were 
used for statistical analysis. In all cases, p<0.05 was considered statistically significant. A colorblind-proof design is used 
in the bar graphs to represent the results.

Results
Demographics, Ocular Characteristics, and Clinical Background of Patients With 
Acute Adenovirus Conjunctivitis
The mean age of patients with adenovirus conjunctivitis was 47 ± 16 years (n = 14; nine women (64.2%) and five men 
(35.7%)). The evolution time since symptoms onset was 8.5 ± 5.0 days. The relevant medical history of patients is shown 
in Table 2 and more detailed in supplementary Table 1. The severity distributions in the affected eyes are depicted in 
supplementary Table 2. Score evaluation per sign and the affected eye is depicted in Figure 2.

Figure 1 Grade based on severity of signs in adenoviral keratoconjunctivitis. The severity of each sign was evaluated on a scale of 0 to 4. For each eye, the sum of signs 
indicated severity. The eye with the higher score was identified as the most affected eye (MAE) and the contralateral eye as the less affected eye (LAE).
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The Proinflammatory Cytokines IL-8, IL-6, IL-1β, IL-12, and TNF-a Were Detected in 
Tears of Patients With Acute Adenoviral Conjunctivitis
All proinflammatory cytokines were detected in both eyes, to a slightly greater extent in the more severely affected eye 
(see Table 3). Cytokine expression was then evaluated by the fold of change in MAE/LAE; IL-10 and IL-12 showed the 
greatest interocular difference in expression, but this difference was not statistically significant (Figure 3). Tear cytokine 
expression per affected eye is depicted in supplementary Table 3.

Correlations Between Clinical Data and Tear Cytokines
Correlations between tear cytokine levels and disease severity are shown in Tables 4, 5, and Supplementary Table 4. 
Total Score correlated with IL-12 (r = 0.3552, p = 0.0345), IL-6 (0.3387, 0.0453), and IL-8 (0.3913, p = 0.024) (See 
Supplementary Table 4). In the most affected eyes, eyelid involvement and conjunctival swelling (CS) correlated with IL- 
10; CS also correlated with IL-6 (see Table 4). In the less affected eyes, inflammatory response, conjunctival hyperemia, 
and conjunctival hemorrhages were significantly correlated with IL-12 and TNF-a, while ocular discharge was sig
nificantly correlated with all tear cytokines (see Table 5). Interestingly, TNF-α correlations with evolution time and 
patient age were significant in the less affected eyes (Table 5).

Discussion
Adenoviruses are spread globally by droplets and smears of contaminated bodily fluids that enter through the nose, throat, and 
conjunctiva. This work aimed to study proinflammatory mediators in epidemic keratoconjunctivitis to understand the 
pathophysiological mechanisms involved in clinical ophthalmological changes. In accordance with our hypothesis, all 
proinflammatory tear cytokines were detected in both eyes. Several years ago, Chodosh et al9 suggested that infected 
human corneal stromal fibroblasts were able to generate IL-8 after infection with AdV19; similarly, porcine corneal cells 
infected with AdV 37 are capable of inducing IL-8 mRNA.13 IL-8 is a chemokine involved in the cellular homing of 
neutrophils; in the eye, IL-8 has been involved in several diseases, such as allergies, uveitis, glaucoma,14 and microbial 
infections.11,15 Regarding proinflammatory cytokines in the healthy ocular surface, some studies have demonstrated that IL-6 
and IL-8 are present in tears but at very low concentrations.16–18 Our results suggest a relevant role of IL-8 and IL-6 in 
adenoviral conjunctivitis; however, the lack of healthy controls limits our conclusions. It is important to note that IL-8 and IL-6 
are key molecules involved in inflammation and have been reported in dry eye,19 microbial keratitis,11 allergic 
conjunctivitis,20 and keratoconus.21 These reports reinforce the positive and significant association between the inflammatory 
response, conjunctival hyperemia, hemorrhages, and proinflammatory tears cytokines observed in our work.

The presence of IL-10 and IL-12 in EKC patients’ tears has several biological implications. IL-12 has a variety of 
functions, such as induction of Th1 immune response, increased effectiveness against viral infection, and promotion of local 
inflammation.22 The involvement of IL-12 in pathological conditions has been reported in herpetic keratitis15 and diabetic 
retinopathy.23 Its presence in chronic conditions implies a role in sustaining local inflammation as well as participation in long- 

Table 2 Demographics and Clinical History of Patients With Acute Adenoviral Keratoconjunctivitis

Males/Females 5/9 Medical Treatment

Age (mean ± SD, years) 47.64±16.03

Ocular history Chronic Glaucoma (2) 

Trabeculectomy (2) 
Retinal detachment surgery (1) 

None (9)

Glaucoma medication (2) (Xalatan 1 drop daily, Azopt and Timolol 1 drop twice 

a day (1)/ Xalatan 1 drop daily(1)

Medical history* Systemic Hypertension (2) 

Epilepsy (1) 
Diabetes Mellitus (1) 

None (10)

Systemic Hypertension (Enaladil 10 mg (1)/ Clortalidone 30 mg per day(1) 

Epilepsy (Carbamazepin 900 mg per day) 
Diabetes Mellitus (Metformine 500mg once a day)

Note: *No history of cold was documented previous adenovirus infection.
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term ophthalmological clinical changes associated with corneal adenoviral infections, such as subepithelial infiltrates. In 
contrast, IL-10 has anti-inflammatory and anti-angiogenic properties in ocular tissues such as the conjunctiva and cornea;24 

therefore, their expression might be associated with a failed attempt to avoid inflammation at the ocular surface. Further 
studies would be necessary to address IL-10 function in EKC.

The severity score used in this study was developed to analyze the ophthalmological characteristics in EKC and their 
possible association with a specific proinflammatory tear cytokine. The score incorporates a few clinical variables (the 
most frequent clinical signs) to understand the involvement of some tear cytokines in clinical presentations. Van Gelder 
et al established a clinical score to evaluate the clinical presentation of human AdVE4 vs AdVD8. Like us, they classified 
symptoms and signs based on eye severity, including the worst seeing eye when bilateral involvement occurred. 
Although their data did not show statistically significant differences between groups, they proposed five signs and 

Figure 2 Severity Score per sign in EKC-affected eyes. Scored severity by sign presentation in the total affected eyes (A), the less affected eyes (LAE) (B), and the most 
affected eyes (MAE) (C). Differential distribution was observed according to severity score and the clinical evaluation.
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symptoms based on moderate or severe scores, implying that some clinical presentations could be influenced by the 
molecular basis of these two viral types.25 Our findings showed high variability between patients, and we did not find any 
cytokine profile associated directly with the clinical ophthalmological severity. The data dispersion in our results could be 
explained by sample size, lack of a standardized international system to evaluate clinical severity in adenovirus infection, 
lack of symptoms evaluation, differences in evolution time at tear sampling, age presentation, and comorbidities. 
Remarkably, the intra-group variability observed in our findings underscores the complexity of the relationship between 
cytokine profiles and the clinical severity of EKC. In this context, comorbidities such as glaucoma26 and diabetes27 have 
been reported to significantly alter tear cytokine profiles, modifying cytokine concentrations directly related to the viral 
infection. Another critical consideration is the possible influence of age and sex-related immunological variations; it is 

Table 3 Tear Cytokine Levels in Acute Adenoviral 
Conjunctivitis

Tear 
Cytokine

Most 
Affected Eye 
(MAE) n=14

Less 
Affected Eye 
(LAE) n=14

MAE 
vs LAE p

IL-8 1435 ± 1268 1237 ± 1008 0.4385

IL-6 1010 ± 1208 871 ± 1158 0.2318

IL-1β 588 ± 1000 255 ± 660 0.1771

IL-10 253 ± 684 40 ± 55 0.3069

IL-12p70 62 ± 204 11 ± 18 0.5109

TNF-α 17 ± 30 13 ± 15 0.2171

Note: Results are expressed in pg/mL; Kit detection limits were as follows: 
IL-1β, 7.2 pg/mL; IL-6, 2.5 pg/mL; IL-8, 3.8 pg/mL; IL-10, 3.3 pg/mL; IL-12p70, 
1.9 pg/mL; and TNF-α, 3.7 pg/mL. Upper limit for all cytokines: 2500 pg/mL.

Figure 3 Tear cytokines in patients with adenoviral keratoconjunctivitis. Levels of cytokines IL-1b, IL-6, IL-18, IL-10, and TNF-a were measured in the most affected eyes 
(MAE) and the less affected eyes (LAE) (A) Fold increase (interocular difference) per cytokine (MAE vs LAE) p-values are shown (B). Fold increase was obtained by dividing 
the average level of each cytokine in the MAE by that in the LAE. Most differences were found in IL-10 and IL-12. The dotted line indicates MAE/LAE quotient equal to 1 
(zero interocular difference).
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known that older patients may have different systemic cytokine profiles than younger individuals due to immunosenes
cence, and hormonal changes could affect the tear profile.28,29

In addition, molecular explanations for the variability in clinical phenotypes, such as viral load30 and cytokine 
polymorphisms, have also been proposed.31 The viral burden is associated with developing subepithelial infiltrates, while 
IL-6 polymorphisms are involved in several ocular inflammatory diseases. Furthermore, diurnal rhythms have been 
linked to tear cytokine variations;32 Uchino et al observed higher levels of proinflammatory cytokines (IL-6, IL-1b, and 
TNF-a) at 12:00 am than at 9:00 am. In our study, sampling was performed in this time range; thus, diurnal differences 
during tear collection could also explain the high variability observed in the EKC patients. Another limitation of our 
investigation was the methodology employed in tear sample collection; several authors have demonstrated that the 
detection of specific proteins may vary based on the method utilized; thus, the results could be interpreted cautiously.33–35

Although we did not find a characteristic cytokine profile that could describe a specific severity grade in adenoviral 
conjunctivitis, our work shows the involvement of IL-6, IL-8, and IL-12, in EKC. It is essential to highlight that these 

Table 4 Correlation Matrix Between Clinical Data and Tear Cytokines in the Most Affected Eyes

IL-8 IL-6 IL-1β IL-10 IL-12 TNF-α

r p r p r p r p r p r p

Age 0.103 0.738 −0.061 0.842 −0.044 0.886 −0.181 0.553 0.047 0.879 0.008 0.979

Evolution Time 0.313 0.298 −0.065 0.832 −0.084 0.784 −0.166 0.589 −0.158 0.605 −0.072 0.815

Eyelid Involvement 0.106 0.729 0.338 0.258 0.433 0.139 0.568 0.043 0.465 0.109 0.286 0.343

Conjunctival hyperemia 0.550 0.052 0.183 0.549 0.333 0.267 0.191 0.532 0.158 0.607 0.364 0.221

Conjunctival hemorrhages 0.286 0.343 −0.024 0.938 −0.041 0.894 0.132 0.667 −0.132 0.667 −0.136 0.657

Conjunctival discharge 0.231 0.447 0.410 0.165 0.153 0.617 0.264 0.384 0.268 0.376 −0.020 0.948

Conjunctival swelling 0.392 0.185 0.560 0.046 0.462 0.112 0.570 0.042 0.199 0.514 0.414 0.160

Inflammatory response −0.131 0.669 0.104 0.736 0.039 0.899 0.084 0.784 0.220 0.471 0.208 0.496

Corneal involvement 0.201 0.510 −0.033 0.914 −0.244 0.422 −0.011 0.971 −0.109 0.723 −0.501 0.081

Note: Significant results are presented in bold.

Table 5 Correlation Matrix Between Clinical Data and Tear Cytokines in the Less Affected Eyes

IL-8 IL-6 IL-1β IL-10 IL-12 TNF-α

r p r p r p r p r p r p

Age 0.326 0.138 0.307 0.154 0.360 0.103 0.077 0.401 0.418 0.068 0.561 0.018

Evolution 0.021 0.473 0.064 0.418 0.078 0.396 0.159 0.302 0.379 0.090 0.593 0.013

Eyelid Involvement 0.301 0.159 0.200 0.256 0.164 0.288 0.321 0.142 −0.063 0.415 −0.170 0.280

Conjunctival hyperemia 0.397 0.090 0.267 0.189 0.396 0.080 0.371 0.106 0.497 0.035 0.529 0.026

Conjunctival hemorrhages 0.329 0.136 0.311 0.150 0.408 0.074 0.374 0.104 0.462 0.048 0.488 0.038

Conjunctival discharge 0.550 0.026 0.620 0.012 0.660 0.005 0.683 0.005 0.656 0.005 0.731 0.001

Conjunctival swelling 0.290 0.168 0.325 0.139 0.318 0.134 0.313 0.149 0.217 0.229 0.319 0.133

Inflammatory response 0.241 0.214 0.283 0.174 0.377 0.092 0.340 0.128 0.528 0.026 0.569 0.017

Corneal involvement 0.352 0.119 0.352 0.119 0.313 0.138 0.231 0.223 0.404 0.076 0.449 0.054

Note: Significant results are presented in bold.
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cytokines could contribute to the dysregulation of the local microenvironment, resulting in ocular surface damage and 
clinical appearance. More studies exploring the immunological basis of human adenoviral conjunctivitis will lead to new 
treatments for EKC by targeting proinflammatory cytokines.
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