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A B S T R A C T   

Background: Seasonal outbreaks of infectious conjunctivitis remain a public health issue. Determination of outbreak etiologies in the context of a worldwide pandemic 
may provide useful information to guide public health strategies. The aim of this study was to identify pathogens associated with outpatient infectious conjunctivitis 
during the COVID-19 Delta surge. 
Methods: This prospective study was conducted from April 2021 to September 2021. All outpatients presenting to the Aravind Eye Center (Madurai, India) with signs 
and symptoms consistent with acute infectious conjunctivitis were eligible. Three swabs were obtained from each participant: one from each conjunctiva and one 
from the anterior nares. Samples were processed for metagenomic RNA deep sequencing (RNA-seq). 
Results: Samples from 106 study participants were sequenced. The most common presenting symptoms were tearing (86%) and itching (71%). Preauricular 
lymphadenopathy was present in 38% of participants. 20% of participants had close contacts with similar symptoms. Systemic symptoms such as coughing, runny 
nose, vomiting or diarrhea were uncommonly reported. 60% of all participants used some medicated eye drops upon enrollment. 75% of study participants 
demonstrated infection with human adenovirus D (HAdV-D). 11% of conjunctivitis was associated with SARS-CoV-2. 15% had no definitive pathogen detected. 8% of 
all participants had codetection of more than one pathogen on RNA-seq. 
Conclusions: During the COVID-19 Delta surge in India, HAdV-D was the most common pathogen associated with infectious conjunctivitis. SARS-CoV-2 was the 
second most common associated pathogen. Seasonal surveillance may be necessary for the determination of emerging and reemerging pathogens responsible for 
infectious conjunctivitis.   

1. Introduction 

Worldwide epidemics of infectious conjunctivitis occur regularly [1, 
2]. Episodes of infectious conjunctivitis continued despite the wide-
spread implementation of nonpharmaceutical interventions designed to 
mitigate the COVID-19 pandemic, such as mask-wearing, hand-washing, 
and social distancing. We know infectious conjunctivitis etiology varies 
by location and season [3]. Pathogens driving infectious conjunctivitis 
during a COVID-19 pandemic have not been studied in a prospective 
manner. 

As worldwide interest in emerging infectious disease increases, our 

collective ability to rapidly screen for and diagnose etiologies of any 
contagious process has wide reaching implications. SCORPIO (Seasonal 
Conjunctivitis Outbreak Reporting for Prevention and Improved Out-
comes) is a UCSF based international study aimed to determine the 
causes of infectious conjunctivitis worldwide. The Aravind Eye Hospital 
in Madurai, India, is one of the participating sites. This manuscript de-
scribes the pathogens responsible for infectious conjunctivitis during the 
COVID-19 Delta surge in Madurai, India, as determined by metagenomic 
RNA deep sequencing analysis (RNA-seq). A companion paper in this 
issue provides more details on the patients presenting specifically with 
SARS-CoV-2 conjunctivitis [4]. 
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2. Materials & methods 

This study adhered to the tenets of the Declaration of Helsinki. The 
Institutional Review Board of the University of California, San Francisco 
and Aravind Eye Hospital in Madurai, India, approved the study. 
Informed written consent was obtained from all patients. Guardians 
were consented for all children. Children older than 18 years of age 
provided assent. Conjunctival swabs were obtained from patients who 
presented to the Aravind Eye Hospital in Madurai, India from April 1 to 
May 1,2021 and from June 1 to September 17, 2021. The gap in sample 
collection represented the lockdown period in which all research ac-
tivities at Aravind were placed on-hold due to the Delta surge. Inclusion 
criteria required acute conjunctivitis symptoms for less than 14 days. 
Exclusion criteria were presumed allergic conjunctivitis or chemical 
conjunctivitis. Sterile polyester applicators (Puritan) were used to swab 
the lower conjunctival fornix of each eye. The most affected eye was 
swabbed first. A third swab of both nares was collected. All swabs were 
immediately placed in DNA/RNA-Shield (Zymo Research) and trans-
ferred to a − 80◦C freezer for long-term storage until tested. Details of 

sequencing, library preparation, and bioinformatics analyses are 
described and summarized in the SARS-CoV-2 companion in this issue 
[4]. 

3. Results 

The highly contagious Delta variant of SARS-CoV-2 surged in 
southern India in the spring of 2021[5]. Peak numbers necessitated a 
cessation of elective clinical visits from May 10, 2021 through May 24, 
2021. Elective clinical study participation stopped on May 1, 2021 and 
resumed June 1, 2021. During this time period of sample collection, 106 
patients were consented for study participation (Fig. 1). 

Demographics of infectious conjunctivitis study participants are 
summarized in Table 1. The mean age was 39 years old. 37% of study 
participants were female. Bilateral conjunctivitis was present in 46% of 
the population (95% confidence interval (CI): 37% to 56%). Only the 
right eye was affected in 22% (95% CI: 15% to 31%). Signs and symp-
toms in the left eye only were present in 32% (95% CI: 24% to 41%). The 
mean duration of ocular symptoms prior to presentation was 6 days 
(standard deviation: +/- 3 days). 102 of 106 participants (96%) pro-
vided information regarding close contacts. Of this group, 20% (95% CI: 
13% to 28%) reported similar symptoms of ocular redness and irritation 
in family members and/or close contacts. The most commonly reported 
subjective symptom from participants was tearing, present in 86% (95% 
CI: 78% to 91%). Itching was the next most common symptom, pre-
sented in 71% (95% CI: 61% to 79%). Purulent discharge was reported 
in 58% (95% CI: 48% to 67%). 

Upon examination, a membranous conjunctivitis (differentiation 
between membranes and pseudo-membranes was not required) was 
present in 22% (95% CI: 15% to 31%) of all participants. Slit lamp ex-
amination demonstrated corneal sub-epithelial infiltrates in 10% (95% 
CI: 6% to 18%). 103 of 106 participants (97%) were evaluated for pre-
auricular adenopathy which was present in 38% (95% CI: 29% to 48%). 
Comorbid systemic symptoms were not frequently reported. 8% re-
ported a runny nose (95% CI: 6% to 18%), 7% (95% CI: 3% to 13%) had 
a sore throat, 2% had coughing (95% CI: 0% to 7%), and 1% (95% CI: 
0% to 16%) had diarrhea. 60% (95% CI: 51% to 70%) of study 

Fig. 1. Cases of infectious conjunctivitis during the Delta coronavirus variant surge at the Aravind Eye Center in Madurai, India. The y-axis on the left represents 
numbers of new and confirmed SARS-CoV-2 cases in the population in the Tamil region of India during the Delta surge in 2021 [13]. This is represented by the solid 
gray line. The bar graph represents number of conjunctivitis cases enrolled in the study, per week, over the study time period. The y-axis on the right indicates the 
number of conjunctivitis cases. The solid gray bar represents the stoppage of clinical activities at the Aravind Eye Center. 

Table 1 
Demographics, Signs, and Symptoms of Patients Presenting with Presumed In-
fectious Conjunctivitis During the Delta Variant Surge in Madurai, India.    

n = 106 % (95% CI) 
Gender Female 39 37 (28, 46) 

Male 67 63 (54, 72) 
Age Years 39 ± 16   
Both Eyes Affected Yes 49 46 (37, 56) 
Duration of Symptoms Days 6 ± 3   
Contacts affected Yes 20 19 (12, 27) 
Ocular symptoms Tearing 91 86 (78, 91) 

Itching 75 71 (61, 79) 
Purulence 61 58 (48, 67) 

Exam findings Sub-epithelial infiltrates 11 10 (6, 18) 
Membranes 23 22 (15, 31) 
Preauricular adenopathy 39 38* (29, 48) 

Plus-minus values are mean ± standard deviation. 
95% Confidence intervals were calculated by an Adjusted Wald method. 

* Preauricular adenopathy was evaluated in 103 of 106 participants. 
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participants were using one or more medicated eye drops upon enroll-
ment. Of those using medicated drops, 89% presented on antibacterial 
drops, (95% CI: 79% to 95%), and 20% (95% CI: 12% to 32%) were 
using a steroid drop. Anti-fungal, anti-viral and antihistamine drops 
were each used by 2% (95% CI: 0% to 9%). 

In all patients with presumed infectious conjunctivitis, RNA-seq 
analysis identified an associated pathogen in 88% of cases. The most 
common pathogen identified (Fig. 2) was human adenovirus species D 
(HAdV-D), present in 75% (95% CI: 65% to 82%) of cases. The second 
most common pathogen recovered was SARS-CoV-2, presented in 11% 
(95% CI: 6% to 19%). Vittaforma corneae (microsporidia) was detected in 
8% (95% CI: 4% to 15%). Epstein-Barr Virus (EBV) was detected in two 
cases. Aspergillus and human coronavirus OC43 were each identified as 
pathogens in 1 case, representing 1% of all cases (95% CI: 0% to 6%). 
Co-infection, samples meeting definitional criteria for more than one 
associated organism of conjunctivitis, was present in 7 participants. 
Additional details describing the coinfection cases are presented in the 
companion paper. 

4. Discussion 

The overall effects of the novel COVID-19 pandemic on the fre-
quency, etiologies, and geographic variability of worldwide, recurrent, 
and seasonal conjunctivitis epidemics are unknown. With the onset of 
the COVID-19 pandemic, circulation of other respiratory viruses, in 
many countries decreased early on[6].[7]. As respiratory viruses are also 
common etiologies of infectious conjunctivitis, there was some sugges-
tion of decreased rates of infectious conjunctivitis during the early 
pandemic[8].[9]. However, by spring of 2021, detection of many 
different viruses returned to pre-pandemic normal and others were ris-
ing, but in months atypical for their presentation[10]. As time passed, 
the timeline and prevalence of typical pathogen reemergence varied 
based on geography and season[11,12]. In this study, we demonstrate 
human adenovirus, specifically type 54, was still the most common 
etiology of infectious conjunctivitis in Madurai, India during the months 
that corresponded to the Delta surge of COVID-19. SARS-CoV-2, how-
ever, was the second most common associated etiology. There were no 
clear clinical distinguishing features between the two and they can occur 
together as a co-infection. Pathogens vary by location and continued 
surveillance is required to determine how and if the frequency of 
conjunctivitis pathogens change with time. 

5. Limitations 

54% of all participants were using an antibacterial drop at the time of 
sample collection. This may be the reason why no bacterial conjuncti-
vitis pathogens were identified. However, this also emphasizes the 
overuse of topical antibiotics for infectious conjunctivitis which may be 
predominantly viral in etiology. Additionally, the pathogens identified 
on the clinical swabs are suggestive for symptom causality, however 
comparative control swabs from unaffected patients were not obtained 
so an analysis of comparative risk of disease could not be assessed. 

6. Conclusions 

This study emphasizes the importance of repeated regional and 
seasonal surveillance of causes of infectious diseases. The unbiased na-
ture of deep sequencing allows for the detection of unanticipated 
pathogens and unexpected co-infections. RNA sequencing may be a 
useful diagnostic tool for the comprehensive surveillance of all viruses, 
including the RNA virus SARS-CoV-2, that can cause conjunctivitis. 
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