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Abstract 
This cross-sectional study examined the viral causes and clinical features of acute keratoconjunctivitis in West 
Bengal, India. Conducted over one year at the Viral Research and Diagnostic Laboratory (VRDL) of Burdwan 
Medical College, the research analyzed 110 patient samples using multiplex RT-PCR and quantitative PCR. 
Adenovirus emerged as the predominant pathogen, detected in 19.09% of cases, followed by Herpes Simplex 
Virus 1 (HSV-1) at 2.72%. No instances of SARS-CoV-2, Varicella-Zoster Virus (VZV), or H1N1 were 
identified. Common clinical symptoms included red eyes (89.09%), itching (79.09%), and foreign body 
sensation (73.63%), and discharge (57.27%). Petechial haemorrhages were strongly associated with the 
condition. Seasonal analysis revealed higher incidence rates during winter and monsoon months. Adenovirus 
infections exhibited lower cycle threshold (CT) values compared to HSV-1, indicating higher viral loads. 
Genetic analysis identified a G95C substitution in the adenoviral genome, resulting in a proline-to-proline 
alteration, which may influence protein function and contribute to keratoconjunctivitis. These findings 
underscore adenovirus as the primary cause of viral keratoconjunctivitis in the region and emphasize the need 
for improved clinical protocols and public health measures during peak seasons. 
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RT-PCR, Seasonal trends, Clinical features. 
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Introduction 

Keratoconjunctivitis, an inflammation of the 
conjunctiva and cornea, poses a significant public 
health challenge with global economic 
implications. Viral infections, particularly 
adenoviruses, are the leading cause of this 
condition. In India, adenoviral conjunctivitis 
accounts for 10–30% of all conjunctivitis cases, 
reflecting its substantial healthcare burden [1].  

Globally, adenoviruses are responsible for up to 
75% of viral conjunctivitis cases, often transmitted 
through contaminated surfaces or direct contact, 
such as hand-to-eye transfer [2,3]. While 
adenoviruses dominate, other viruses like 
respiratory syncytial virus (RSV), enteroviruses, 
varicella-zoster virus (VZV), and herpes simplex 
virus (HSV) also contribute, each presenting 
distinct symptoms and varying severity levels [4,5]. 
The clinical spectrum ranges from mild, self-
limiting cases to severe infections that may lead to 
recurrent episodes, corneal scarring, or even 

blindness, especially in immunocompromised 
individuals [6]. Patients with pre-existing 
conditions face a higher risk of complications, 
including secondary bacterial infections caused by 
pathogens like Staphylococcus aureus or 
Pseudomonas aeruginosa, which can worsen the 
condition and complicate treatment [7]. Chronic 
inflammation and scarring may result in vision 
impairment, significantly affecting quality of life 
[5]. Managing viral keratoconjunctivitis is 
challenging due to the lack of targeted antiviral 
therapies for many causative agents.  

Current treatments focus on symptom relief using 
lubricating eye drops or anti-inflammatory agents 
like corticosteroids. However, corticosteroids must 
be used cautiously, as they may promote viral 
replication or lead to secondary infections [8]. The 
absence of effective antiviral drugs, particularly for 
viruses like enteroviruses, highlights the urgent 
need for improved therapies [9]. 
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Preventative measures rely heavily on robust 
hygiene practices, including frequent handwashing, 
avoiding contact with infected individuals, and 
disinfecting contaminated surfaces [10]. Strict 
infection control protocols are crucial in healthcare 
settings, schools, and military bases, where 
transmission rates are often high, driving up 
healthcare costs [11]. Although vaccines offer a 
promising solution, they are not yet available for all 
causative viruses [1]. 

To address the global impact of viral 
keratoconjunctivitis, continued research into 
antiviral therapies, vaccine development, and 
advanced diagnostic tools is essential. Advances in 
molecular diagnostics, such as PCR and next-
generation sequencing, have significantly improved 
pathogen identification and outbreak surveillance 
[12,13]. The development of vaccines and broad-
spectrum antiviral agents targeting multiple viral 
pathogens could revolutionize prevention and 
treatment strategies [14]. Addressing this issue 
requires a coordinated effort by the international 
scientific community to prioritize research, 
surveillance, and public health initiatives. 

Methods 

Study Design and Location: This cross-sectional 
study was conducted at the ICMR-DHR-VRDL 
within the Department of Microbiology, Burdwan 
Medical College, West Bengal, from January to 
December 2024. A total of 110 eye swab samples 
were collected from individuals suspected of 
keratoconjunctivitis visiting the ophthalmology 
outpatient department (OPD). Informed consent 
was obtained from all participants, and clinical 
manifestations were documented. 

Ethical Approval: The study was approved by the 
Institutional Ethics Committee (IEC) of Burdwan 
Medical College and Hospital. 

Sample Collection: Eye swab samples were 
collected by gently pulling down the lower eyelid 
to expose the conjunctiva. A sterile swab was 
rotated over the infected area 2–3 times, avoiding 
contact with the cornea. For bilateral infections, 
separate swabs were used for each eye. Samples 
were transported in triple packaging and stored at 
2–8°C for up to 72 hours or frozen at ≤ -70°C for 
longer storage. Residual specimens and purified 
nucleic acids were preserved at ≤ -70°C. 

Inclusion and Exclusion Criteria: Patients 
presenting with clinical signs of suspected acute 
viral keratoconjunctivitis were included. Those 
diagnosed with bacterial or allergic conjunctivitis 
were excluded. 

Viral DNA Isolation: RNA was extracted from 
patient serum samples using the HiPurA Viral 
Automated DNA Purification Kit (HiMedia). DNA 
concentrations were determined using a 
spectrophotometer. 

Multiplex RT-PCR Diagnostic Assay: DNA 
extracted from patient samples was analyzed using 
multiplex RT-PCR with specific primers, probes, 
and enzymes. Positive and negative controls were 
included to validate assay reliability. Results were 
assessed based on cycle threshold (Ct) values. 

Clinical Data Collection: Patient interviews were 
conducted using a standardized questionnaire, and 
clinical examinations were performed by trained 
healthcare professionals. 

Qualitative PCR Analysis: PCR was performed 
using the Bio-Rad C1000 Touch thermal cycler. 
Amplified products were analyzed via gel 
electrophoresis to confirm target DNA. 

Sanger Sequencing: PCR products were resolved 
on a 2% agarose gel, and desired DNA bands were 
excised and extracted. Purified DNA was 
sequenced using capillary electrophoresis on a 
SeqStudio Genetic Analyzer. 

Statistical Analysis: Data were analyzed using 
SPSS software (IBM Corp., Version 22.0). 
Qualitative variables were presented as mean ± 
standard deviation (SD). 

Results 

The study provided insights into the demographic 
distribution, pathogen detection rates, clinical 
symptoms, and seasonal patterns of viral 
conjunctivitis. 

Demographic Distribution: Among 110 paediatric 
patients (<18 years), males accounted for 56.36% 
of the study population, while females comprised 
43.64%. No significant difference in age 
distribution between sexes was observed (P > 
0.05). 

 

Table 1: Age and Sex Distribution of Patients with Viral Conjunctivitis. 
Sex Age (<18 yrs) Age (<18 yrs) Total (n=110) P value Chi Square Value 
Male 13 (20.96%) 49 (79.04%) 62 (56.36%) > 0.05 0.11 
Female 8 (16.67%) 40 (83.33%) 48 (43.64%) 
Pathogen Detection: Adenovirus was the most commonly identified virus, detected in 19.09% of cases, 
followed by HSV-1 at 2.72%. No cases of SARS-CoV-2, VZV, or H1N1 were detected. (Table2) 
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Table 2: Molecular Detection of Viral Pathogens. 
Viral pathogen Positive (N=110) at RTPCR 
Adenovirus 21 (19.09%) 
Herpes Simplex Virus 1 (HSV-1) 3 (2.72%) 
SARS-CoV-2 0 
VZV 0 
H1N1 0 
 
Clinical Symptoms: Redness was the most prevalent symptom (89.09%), followed by itching (79.09%), 
foreign body sensation (73.63%), and discharge (57.27%). Petechiae were present in 60.90% of cases and 
significantly associated with the condition (P < 0.05). (Table 3). 
 

Table 3: Clinical Signs & Symptoms: 
Clinical Manifestations Percentage of Prevalences (n=110) P value Chi Square Value 
Petechiae 67 (60.90%) 

<0.05 29.46 

Foreign Body Sensation 81 (73.63%) 
Redness 98 (89.09%) 
Discharge 63 (57.27%) 
Itching 87 (79.09%) 
Sensitivity to light 34 (30.90%) 
All of the above 14 (12.72%) 
 
Genetic Analysis: A G95C substitution in the adenoviral genome resulted in a proline-to-proline alteration, 
potentially affecting protein function. Phylogenetic analysis revealed a close genetic relationship with 
previously reported adenovirus sequences. (Table 5). 
 

Table 4: Distribution of viral conjunctivitis throughout the year. 
Season Percentage Prevalence (n=110) P value Chi Square Value 
Winter 11 (10%) 

<0.05 28.95 
Summer 39 (35.45%) 
Monsoon 44 (40%) 
Post Monsoon 7 (6.36%) 
Throughout the Year 9 (8.19%) 
 
Quantitative PCR was conducted to evaluate the 
relative abundance of Adenovirus and Herpes 
Simplex Virus type 1 (HSV-1) by analyzing their 
average Cycle Threshold (Ct) values (Figure 1). A 
statistically significant difference was observed 
between the two viruses (p < 0.01). The mean Ct 

value for Adenovirus was approximately 30, while 
HSV-1 had a higher mean Ct value of around 34. 
Lower Ct values indicate a greater initial amount of 
the target, suggesting that Adenovirus was present 
in higher relative abundance compared to HSV-1 in 
the analyzed samples. 

 
 

 
Figure 1: Mean Ct Value for Adenovirus and HSV-1 
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Figure 2: Clinical Manifestations of Viral Keratoconjunctivitis 

 

 
Figure 3: Seasonal Trends of Keratoconjunctivitis in eastern India during 2024 

 
In Figure 4, it shows many examples of keratoconjanktivitis, which is characterized by ocular surface, eyelid 
inflammation and inflammation of redness of the conjunctiva with discomfort, irritation, and photophobia and 
wide tearing. 
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Figure 4: Cases of Acute Keratoconjunctivitis Admitted to Hospitals with Adenovirus Positive. 

 
In Figure 5, PCR-amplified products of the human 
beta-actin gene (61 bp) and the Adenovirus D8 
main coat protein gene (132 bp) are seen in this gel 

electrophoresis picture. When determining band 
size, the molecular weight ladder (L100) is used as 
a reference. 

 

 
Figure 5: Gel Electrophoresis for the Identification of Human Beta-Actin Genes and Adenovirus D8 

Major Coat Protein 
 
Based on the phylogenetic tree (Figure 6), our 
sample "A(F)A01012025-01-20-19-39-27" is 
positioned at the bottom right, in close proximity to 
sequences "KP016720.1:17820-17903" and 
"KP016740.1:17820-17903," indicating a high 
degree of genetic similarity. This positioning 
suggests a close evolutionary relationship, with a 
shared common ancestor. The clustering within a 

specific branch indicates that our sample belongs to 
a closely related lineage compared to these 
reference sequences. However, the lack of 
bootstrap values and a scale bar limits further 
quantification of these relationships and divergence 
times. Additional analysis is needed for a more 
comprehensive understanding of the sample's 
phylogenetic position. 
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Figure 6: Phylogenetic Tree of Adenovirus Sequences 

 
The G to C substitution at position 95 in the 
adenovirus sequence may influence the viral 
function based on its location. In coding regions, 
this mutation could alter protein function, while in 
non-coding regions, it may affect RNA stability or 
replication.  

In the context of keratoconjunctivitis, this mutation 
could impact the virus's virulence and the severity 
of the infection (Figure 7). The G to C substitution 
at position 95 in the Human Adenovirus D8 major 
coat protein gene leads to the replacement of 

arginine (Arg) with proline (Pro) in the Hexon 
protein. This mutation alters a positively charged 
amino acid to a nonpolar one with a rigid cyclic 
structure, potentially disrupting protein structure 
and function. Analyzing aligned coding sequences 
across different adenovirus species may reveal 
whether this mutation is conserved, indicating 
functional importance, or variable, suggesting 
evolutionary adaptation.  

Further studies are necessary to evaluate its impact 
on protein stability and viral function. 
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Figure 7: The Adenovirus sequence from the keratoconjunctivitis patient sample shows a G to C 

substitution at position 95. 
 
Discussion 

The results of this study reinforce adenovirus as the 
primary cause of viral keratoconjunctivitis, 
responsible for a significant proportion of global 
cases [2-3]. Specifically, adenovirus was detected 
in 19.09% of cases, highlighting its high prevalence 
in West Bengal, which aligns with findings from 
other Indian studies [4-5]. The study also identified 
adenovirus as more prevalent than HSV-1, as 
evidenced by lower Ct values. Common symptoms 
such as redness, foreign body sensation, and itching 
were frequently reported, consistent with typical 
presentations of viral keratoconjunctivitis [3,5]. 
The seasonal patterns observed, with peaks during 
the monsoon and summer months, further support 
findings from earlier studies [1,8]. Notably, no 
cases of SARS-CoV-2, VZV, or H1N1 were 
detected, indicating that these viruses did not 
significantly contribute to keratoconjunctivitis 
during the study period. Phylogenetic analysis of 
adenovirus strains revealed a close genetic 
relationship with previously reported sequences, 
providing valuable insights into local viral 
dynamics. 

Conclusion 

Adenovirus is the leading cause of viral 
keratoconjunctivitis in West Bengal, underscoring 
the need for accurate diagnostics and public health 
interventions. Enhanced hygiene practices, seasonal 
monitoring, and advancements in antiviral 
treatments and vaccines are essential to reducing 
the global burden of this condition. 
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