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Background: Viruses are considered the most common cause of infectious conjunctivitis.
PCR has been approved as the best standard method to diagnose viral conjunctivitis. This
study was conducted to investigate epidemiological patterns of conjunctivitis in Hamadan,
west Iran. In addition, the frequency of the most important cause of infectious conjunctivitis
diagnosed by PCR and its seasonal variations and association with certain socioeconomic
and health factors were studied.

Methods: In this cross-sectional study, 125 patients with suspected viral conjunctivitis or
keratoconjunctivitis in Hamadan, west Iran from July 2016 to June 2017 were examined for
the presence of herpes simplex virus 1 (HSV1), HSV2, varicella-zoster virus (VZV),
adenovirus. and Chlamydia trachomatis using multiplex real-time PCR.

Results: Adenoviruses were the most prevalent pathogens (94.4%). HSV1 was found in two
(1.6%) patients. HSV2, VZV, and C. trachomatis were not seen in any patients. There was no
difference in acquisition of conjunctivitis between men and women. A total of 55 (44%)
patients attended the clinics in summer.

Conclusion: This study demonstrated that adenoviruses were a much more common viral
cause of conjunctivitis in the studied region compared to findings in other regions. In
addition, the acquisition rate of eye infection is expected to decrease dramatically in this
region through control of adenoviruses. Demographic variables ie, age, sex, and income
level, were not significantly associated with acquisition of viral infection.
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Introduction

Worldwide, conjunctivitis is a common eye disease and caused by infection
with viruses, bacteria, or in some cases chlamydia. Viruses are considered the
most common cause of infectious conjunctivitis.'*> Symptoms of viral con-
junctivitis include redness, swelling, tearing, and irritation, which often last for
1-3 weeks. Because no efficient antiviral treatment has yet been offered for
conjunctivitis, this infection is mainly managed by symptomatic treatment.” If
vision-threatening complications occur, topical corticosteroids represent a drug
of choice.* Despite standard treatments, such as cold compresses, artificial
tears, and topical vasoconstrictors, patients continue to suffer from great pain
until complete healing of the disease.” Although viral conjunctivitis is a self-
limiting disease, it is associated with high morbidity, due to the likelihood of
contagion and its symptoms.°
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Adenovirus and herpes simplex virus (HSV) are com-
mon viral causes of keratoconjunctivitis for which a rapid
laboratory diagnosis is often very helpful.” HSV is consid-
ered the leading infectious cause of corneal blindness in
developed countries.® Also, chlamydia is a cause of con-
junctivitis that can result in focal corneal scarring, chronic
inclusion conjunctivitis, and neovascularization, probably
leading to pneumonitis and ofitis media in neonates.”
Severity of conjunctivitis can be mild to severely disabling.
Ocular adenovirus infections take place all over the world in
sporadic and epidemic forms. They are spread via direct
contact, droplet, fecal-oral transmission, and contact with
unchlorinated or unsatisfactory chlorinated water.’

Adenoviruses are the cause of 15%-70% of eye
infections.'® A diagnosis of adenoviral conjunctivitis is usually
based on history, symptoms, and clinical evidence. Patients
usually complain of foreign-body sensation, pruritus, photo-
phobia, epiphora, and blurred vision. Chemosis, bulbar con-
junctival redness, tarsal follicular reaction, petechial, or even
subconjunctival hemorrhage are also some other signs of viral
conjunctivitis."" Infiltration of immune cells and occurrence of
focal inflammatory lesions in the subepithelial layer is one of
the complications of viral conjunctivitis.*

PCR, direct immunofluorescence, and rapid antigen-
detection immunoassays may be used to diagnose conjunc-
tivitis. Viral cell cultures of the conjunctival specimen may
help confirm the presence of adenovirus with immuno-
fluorescence, but are less frequently conducted, due to
the requirement of elaborate equipment and trained labora-
tory staff, as well as significant delays in obtaining results.
Much evidence has proved that PCR is the best standard
method to diagnose viral conjunctivitis.'> This technique
has been demonstrated to be more sensitive and accurate
and less time-consuming than cell culture. In a study at
Johns Hopkins Hospital, conjunctivitis specimens of 307
staff were taken and examined by PCR. Only 22 (7%)
patients were infected.'’ Sambursky et al reported that
among 50 patients with suspected acute conjunctivitis, 31
were found to be positive for adenovirus by PCR.?

In Iran, little research has been conducted on this issue,
because ocular viral diseases are treated on the basis of
clinical appearance.'* Because different types of conjuncti-
vitis cannot be diagnosed or especially differentiated by
clinical approaches'> and no specific treatment for conjunc-
tivitis has yet been offered, early diagnosis can greatly
contribute to accelerating the process of recovery.
Considering that identifying the causative agents of con-
junctivitis in a specific geographic region can help select

appropriate treatment protocols and that few studies have
yet been conducted on the etiology of this disease in
Hamadan, west Iran, this study was conducted to investigate
epidemiological patterns of conjunctivitis in this region. In
addition, the frequency of viral conjunctivitis (due to ade-
noviruses, HSV1, HSV2, varicella zoster virus [VZV], and
Chlamydia trachomatis) diagnosed by PCR and seasonal
variations and association with certain socioeconomic and
health factors were studied. The findings of such a study
can help health-care systems manage and plan for control-
ling and preventing conjunctivitis, as well as selecting
appropriate treatment strategies for this disease.

Methods

Data collection

In this cross-sectional nonrandomized study, 125 patients
with suspected viral conjunctivitis or keratoconjunctivitis
attending ophthalmology clinics in Hamedan from July
2016 to June 2017 were enrolled after providing written
informed consent to participate in the study and filling out
a demographic questionnaire. Data on age, sex, education,
income, place of residence (rural/urban), underlying dis-
eases (eg, diabetes, autoimmune diseases), previous acqui-
sition of conjunctivitis, history of animal husbandry,
history of taking ocular drugs, history of wearing lenses,
and reasons for referral to the doctor were gathered. This
study was approved by the Research Ethics Committee of
Hamadan University of Medical Sciences with code (IR.
UMSHA.REC.1394.80). Ethical considerations, such as
keeping personal information private, were observed dur-
ing conduction of this study. This study was conducted in
accordance with the Declaration of Helsinki. The initial
diagnosis of viral conjunctivitis was made by clinical
examinations conducted by an ophthalmologist, observa-
tion of conjunctival erythema, and patients’ complaining
of itching, burning, and watery eyes in one or both eyes.
Then, samples of lower conjunctival discharge were taken
by a doctor using a sterile swab. A total of 125 conjuncti-
val swabs were collected and then placed in 1 mL viral
transport media.

Nucleic acid extraction

Specimens were extracted using a column-based High Pure
viral nmucleic acid kit (Roche). Briefly, samples in viral
transport medium were centrifuged at 13,000 g for 10
minutes. Then, 200 pL sediments were added to 400 pL
lysis buffer, vortexed, and incubated at 72°C for 10 minutes.
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Subsequently, the mixture was spiked with 5 uL IC. After
mixing, the solution was centrifuged through a filter tube at
13,000 rpm for 1 minute. In the next step, 500 pL inhibitor
removal buffer was added to the filter tube and again
centrifuged. After the column had been washed twice with
the appropriate buffer, the genome was eluted with 50 pL
elution buffer. Extracted DNA purity was verified based on
its absorbance at 260 and 280 nm wavelengths with
NanoDrop and then stored at —70°C until later use.

Real-time PCR

The samples were used for adenovirus PCR analysis. We
used multiplex real-time PCR, which was able to detect
adenovirus, HSV1, HSV2, VZV, and C. trachomatis. The
assay was performed at a private laboratory with a real-
time LightCycler (Roche). Each assay was divided into
two tubes, one for C. trachomatis and adenovirus and the
other for HSV1, HSV2, and VZV, based on the manufac-
turer's guidelines.

Reactions were set up and performed according to the
manufacturer’s instructions. Briefly, each tube of 25 pL real-
time polymerase chain reaction (PCR) contained 1 upL
enzymes, 1.5 pL primer/probe mix, 12.5 pL buffer and
10 pL extracted DNA. Real-time PCR was performed
using the LightCycler and multiplex eye-infection kit (Fast
Track Diagnostics) to amplify viral and bacterial targets at
42°C for 15 minutes, followed by 94°C for 3 minutes, and
finally 40 cycles for 8 seconds at 94°C and 60°C for 34
seconds. The presence of specific viral sequences in the
reaction was represented by an increase in fluorescence
from the relevant dual-labeled probes and reported as cycle-
threshold valus bya real-time thermocycler.

Data analysis

Data were analyzed by Fisher’s exact test with Freeman—
Halton extension in SPSS version 22. P<0.05 was considered
significant.

Results
During the study, a total of 125 conjunctival swabs were
collected from patients who attended ophthalmology
clinics with symptoms of conjunctivitis. Of 125 speci-
mens, 118 (94.5%) were positive for adenovirus and two
(1.6%) for HSV1. There were no specimens positive for
HSV2, VZV, or C. trachomatis. In five specimens, none of
the investigated pathogens was detected.

The patients’ age range was 3—77 years. Most patients
with conjunctivitis were 30-40 years old, and only two

were aged <5 years. A total of 69 (55.2%) patients were
female, and 106 (84.8%) lived in urban areas. In sum, 46
(36.8%) patients did not volunteer to divulge their income
level and 43 (34.4%) had low (<IRR 6,000,000 per month)
income. Twelve (9.6%) patients were keeping domestic
animals, eight (6.4%) suffered from diabetes, and only
one had autoimmune disease, while 117 (93.6%) did not
take any medication for conjunctivitis, 105 (84%) had no
history of eye diseases, 122 (97.6%) had no history of
wearing contact lenses and 101 (80.8%) were not taking
any ocular drug. Also, 78 (62.4%) patients attended the
ophthalmology clinics due to eye redness (Table 1).

This study was performed within 1 year, and 55 (44%)
patients attended the clinics in summer (Figure 1). According
to Freeman—Halton test results, income, diabetes and ocular
drug taking were not significantly associated with adenovirus
prevalence (P=0.809, 0.871, and 0.652, respectively)

Discussion

Real-time PCR was used to study the prevalence of viral
conjunctivitis in 125 patients attending ophthalmology
clinics in Hamedan. Previous similar studies had not con-
sidered such patient demographics, but we decided to
study associations of occupation, income, and medical
history with this disease as well. In our study, adeno-
viruses were the most prevalent pathogen in patients with
conjunctivitis: 94.4% had adenovirus in their specimens of
lower conjunctival discharge. This study was first to inves-
tigate viral conjunctivitis and associated demographic
characteristics in a city in west Iran. Two studies had
already been conducted in central Iran. One of these was
conducted on 100 patients with eye redness and conjunc-
tivitis symptoms attending a university-affiliated hospital
in Tehran, 16 of whom were positive for adenovirus on
PCR.'® The other study investigated the prevalence rate of
viral causes among patients attending hospitals across
Tehran. To achieve this purpose, the researchers took
samples from 150 suspected patients using sterile swabs
and examined them using PCR. They found that 14.6% of
the patients were positive for adenovirus and 3.3% for
HSV1." Both studies found that patient sex was not
associated with acquisition of conjunctivitis, although
aging and increased incidence of the disease were closely
associated. Despite consistency in evidence on higher pre-
valence of adenoviruses among the causes of conjunctivi-
tis, the prevalence of adenoviruses in the current study was
found to be much higher than reported by studies con-
ducted in central Iran. In this study, a high rate of
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Table | Studied demographic variables

Groups Frequency Adenovirus | P-Value
(%) positive Freeman-
Halton test

Income (IRR) per month <6,000,000 43 (34.4%) 39 0.809
6,000,000-10,000,000 14 (11.2%) 13
10,000,000-15,000,000 14 (11.2%) 14
>15,000,000 8 (6.4%) 8
Not divulged 46 (36.8%) 44
Total 125 (100%) 118

Age, years <20 22 (17.6%) 21 0.894
20-30 28 (22.4%) 25
3040 30 (24%) 27
40-50 18 (14.4%) 18
>50 27 (21.6%) 27

Taking medication Yes 8 (6.4%) 8 0.871
No 117 (93.6%) )

History of taking ocular drugs Yes 24 (19.2%) 23 0.652
No 101 (80.8%) 95

Diabetes Yes 8 (6.4%) 8 0.871
No 117 (93.6%) 110

Place of residence Urban 106 (84.8%) 100 0.066
Rural 19 (15.2%) 18

History of animal husbandry Yes 12 (9.6%) 12 0.809
No 113 (90.4%) 106

Sex Male 56 (44.8%) 54 0.508
Female 69 (55.2%) 64

Autoimmune diseases Yes 1 (0.8%) | 0.854
No 124 (99.2%) 117

History of eye diseases (retinoblastoma or any Yes 20 (16%) 20 0.693

chronic eye disease, such as retinal detachment) No 105 (84%) 98

History of wearing lenses Yes 3 (2.4%) 3 0.999
No 122 (97.6%) 115

Reason for referral to doctor Eye redness 78 (62.4%) 73 0.999
Itching 12 (9.6%) 12
Redness and itching 21 (16.8%) 19
Lymphadenopathy 4 (3.2%) 4
Pain and redness 3 (24%) 3
Not specified 7 (5.6%) 7

Education level llliterate 21 (16.8%) 21 0.632
Elementary education completion | 14 (11.2%) 14
Guidance education completion 16 (12.8%) 15
High school completion diploma 37 (29.6%) 33
Associate degree and higher 37 (29.6%) 35

occurrence of adenovirus during summer and fall was

almost the same, perhaps showing an epidemic of

adenovirus.

and diagnostic facilities in suburban and rural areas, as

It seems that the main reason for high prevalence of
this viral agent among the patients was lack of health care
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B summer 2016
M autumn 2016
winter 2017

M spring 2017

Figure | Frequency of conjunctivitis cases in different seasons.

well as the high prevalence of animal husbandry and
agriculture in west Iran compared to other regions of the
country. Given that viral infection is associated with envir-
onmental factors, such as hand contact, early detection of
pathogens has a significant effect in reducing the spread of
conjunctivitis and promoting eye health. On the other
hand, adenoviruses are usually spread from contaminated
ophthalmic instruments, such as eyedrops shared by
patients and the tonometer used to measure ocular pres-
sure. Nosocomial-spread inpatients may even necessitate
temporary closure of an ophthalmic unit, and outpatient
clinics may be the cause of community epidemics. Tese
factors together with low personal hygiene may play a role
in the high prevalence of ocular adenovirus infections.
Several similar studies have been conducted in differ-
ent countries. Pinto et al conducted a study in a hospital in
Brazil and reported that 59% of patients were infected
with adenovirus, comparable to global and regional
prevalence.'” A 5-year study in Turkey investigated 488
patients with suspected conjunctivitis and found adeno-
virus DNA in 43.6% of these patients on PCR.'®A study
in Tokyo, Japan demonstrated that among 189 patients
with viral conjunctivitis, 82% carried adenovirus nucleic
acid."” A study conducted on patients attending an
ophthalmology center in Karachi, Pakistan found that
75% of 388 conjunctivitis specimens had adenovirus, 2%
had HSV, and 5% had C. trachomatis in culture media.>°
An epidemiological study in Saudi Arabia investigated
65 patients with adenoviral keratoconjunctivitis with clin-
ical complications of sudden redness, irritation, tearing,
and eye pain, and found seven adenovirus serotypes to
be the causes of keratoconjunctivitis. This study found

no significant association between patient sex and

acquisition of this infection.”' The findings of the cited
studies and the current study indicate that adenoviruses are
the most common viral causes of conjunctivitis, while a
study on 18 patients with suspected conjunctivitis in Egypt
using real-time PCR indicated that none of these patients
carried adenovirus and 17 carried enterovirus.””

Although the prevalence of adenoviral conjunctivitis
was 94.4% in the present study, we cannot consider this
figure to represent an epidemic, because sampling in this
study was conducted within 1 year, while an epidemic is
restricted to a short period. An ideal method to diagnose
pathogenic agents of eye infections should be able to
diagnose the agents before the patients leave the clinic.”
Due to the high cost of real-time PCR, it does not seem to
be practical in Iran.

In this study, one of the demographic variables studied
was income level, and 34.4% of patients had low (<IRR
6,000,000 per month) incomes. There was no statistically
significant relationship between conjunctivitis and other
studied variables, such as drug taking or suffering from
diabetes. In the light of ever-increasing prevalence of
adenoviral conjunctivitis, especially in summer, appropri-
ate and early diagnosis can play an important role in
reducing the spread of this disease.

Two specimens containing HSV1 were isolated from
the patients. A study estimated the incidence rates of HSV
eye disease ranged from approximately four to 13 new
cases per 100,000 population.?* Chlamydia is the most
frequent identifiable cause of neonatal conjunctivitis in
many countries, and its incidence is still on the rise on
an annual basis.” Human HSV3, also known as VZV, is a
main pediatric infection that presents with a vesicular rash
referred to as chickenpox.?® Despite the fact that no cases
of C. trachomatis or VZV were found in this study on
PCR, these two pathogens are considered the main agents
of causing infection in infants.

No significant association was observed between
demographic variables (age, sex, education, income,
place of residence [urban/rural], suffering from underlying
diseases [eg, diabetes, autoimmune diseases], previous
acquisition of conjunctivitis, history of animal husbandry,
history of taking ocular drugs, wearing lenses, and reasons
for referral to the doctor) and the acquisition of conjuncti-
vitis (P>0.05). However, the highest prevalence of disease
was seen in summer (44%), followed by autumn (41%),
which agrees with other studies in different regions of the
world. In a study in Turkey, 52% of samples were diag-
nosed in summer.'® In Matsui et al, increased incidence of
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disease was observed in spring and summer, with the
highest incidence observed in September.'® In addition,
Sohrabi et al reported that 63% of adenoviral infections
occurred in summer, while HSV infection and seasonal
variations were not significantly associated."*

The increased prevalence of conjunctivitis in summer and
autumn is likely to be related to increased frequency of certain
activities, such as swimming and walking outside the city
during warm seasons, while in winter, because of cold weather
and decreased frequency of activities that are associated with
increased risk of contagion, significant decrease in the preva-
lence of the disease has been reported. This finding indicates
that contagion has a significant role in the increased prevalence
of the disease.*® Considering that most patients with conjunc-
tivitis are diagnosed and treated with clinical symptoms, the
prevalence of pathogenic agents is not estimated. Study of
prevalence of the disease's etiological agents using a rapid
laboratory method can offer valuable information about the
most common pathogenic agents to health-care providers, in
order to prevent and treat diseases. Adenoviruses were found
to be the most common cause of conjunctivitis in the studied
region, as with other regions of the world.

Conclusion

This study demonstrated that adenoviruses were a much
more common viral cause of conjunctivitis in the studied
region than found in other regions. In addition, the acqui-
sition rate of eye infection is expected to decrease drama-
tically in this region through control of adenoviruses.
Demographic variables, such as age, sex, and income,
were not significantly associated with acquisition of viral
conjunctivitis. Most cases of conjunctivitis were reported
to occur in summer and autumn. On the other hand, this
study revealed that multiplex PCR has the potential to
replace several diagnostic tests, with subsequent cost sav-
ings. This test also reduces the risk of misdiagnosis by
clinicians. In light of the high prevalence of adenoviral
conjunctivitis in the studied region, additional studies
should investigate common viral genomes in west Iran,
including Hamadan, so that health-care systems can be
assisted in preventing and treating viral infections.
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