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Human adenoviruses (HAdVs) are a major cause of epidemic keratoconjunctivitis. We in-
vestigated the types of adenoviruses responsible for the recent epidemic of keratoconjunc-
tivitis in Korea. From January to November 2019, 218 conjunctival swab samples were
collected from patients clinically suspected as having adenoviral keratoconjunctivitis. Ge-
notyping targeting of adenovirus capsid hexon genes was performed using PCR and se-
quencing. Of the 218 samples collected, 128 (58.7%) were positive for the adenovirus
genes by PCR, and 126 samples were successfully genotyped. Adenovirus type 8 (HAdV-
D8) was the most common type (67.5%), followed by HAdV-D64 (11.1%), HAdV-D37
(9.5%), HAdV-B3 (5.6%), HAdV-D53 (4.0%), HAdV-E4 (1.6%), and HAdV-D56 (0.8%).
Adenoviral keratoconjunctivitis cases were the most frequent in July and August 2019,
which were mainly caused by type 8. Phylogenetic analyses revealed little genetic dis-
tance among adenoviruses of the same type detected in our study. Our results provide ba-
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sic data for further studies of adenoviral keratoconjunctivitis.
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Human adenoviruses (HAdVs) are associated with a wide range
of clinical manifestations, including acute respiratory infections,
gastroenteritis, conjunctivitis, hemorrhagic cystitis, and menin-
goencephalitis [1]. Adenoviral conjunctivitis accounts for up to
75% of all conjunctivitis cases worldwide, with an estimated
20-30 million people suffering from HAdV-associated conjuncti-
vitis annually [2]. HAdVs, belonging to the family Adenoviridae
and genus Mastadenovirus, are non-enveloped viruses that are
70-100 nm in diameter and have linear, double-stranded DNA
26-48 Kbp in length surrounded by capsid proteins. Three of
the 11 HAdV structural proteins are capsid proteins composed
of a hexon, a penton base, and fibers. Group- and type-specific
epitopes are present on both the hexons and fibers. HAdVs ex-
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hibit more than 100 genotypes (http://hadvwg.gmu.edu) and
are classified into seven species (A-G) based on the antigenic
variants of the capsid protein [3, 4]. Infections with HAdV spe-
cies result in varying clinical symptoms: species A, B, C, and E
cause respiratory infection; species F and G cause gastroenteri-
tis; and species B, D, and E cause keratoconjunctivitis [2-4].
Viruses, including HAdVs, continuously mutate, and viral
genotypes can differ according to the geographic region and
time period [4-7]. The most common cause of adenoviral kera-
toconjunctivitis has been reported to be type 8, followed by
types 19 and 37 [2, 3, 8]. Type 8 accounts for only approxi-
mately 5% of adenoviral keratoconjunctivitis cases in the United
States, lItaly, and the United Kingdom but accounts for up to
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30% and 60% of such cases in Japan and Taiwan, respectively
[8]. Because of their diversity and complexity, differences in
HAdV genotypes have not been widely examined. Owing to the
difficulty of ocular sample collection, there are even fewer stud-
ies on the HAdV genotypes that cause keratoconjunctivitis. We
investigated the genotypes of HAdVs responsible for epidemic
keratoconjunctivitis in Korea in 2019.

Conjunctival swab samples were collected from patients sus-
pected as having acute adenoviral keratoconjunctivitis from
January to November 2019, based on signs of conjunctival in-
jection, follicles, and discharge. The samples were scraped from
the lower palpebral conjunctiva with a cotton swab to collect ep-
ithelial cells, transferred into Universal Transport Medium (Co-
pan Diagnostics, Inc., Brescia, Italy), and stored at —70°C until
use. This study was approved by the Institutional Review Boards
of Hallym University Dongtan Sacred Heart Hospital (IRB No.
2018-10-003) and Hallym University Sacred Heart Hospital
(IRB No. 2018-10-014). Informed consent was obtained from
all participants.

Viral DNA was extracted from the transport media containing
conjunctival samples for PCR and genotyping using QlAamp
DNA Mini Kit (Qiagen, Hilden, Germany) and the QlAcube plat-
form (Qiagen). PCR and sequencing of the HAdV hexon gene
were performed using specific primers (ADHEX1F/AD2) as de-
scribed previously with slight modifications [4, 9, 10]. A differ-
ent primer set (AD1/AD2) was used for another round of PCR if
the first round showed amplification failure [4]. The 845-bp
PCR products were visualized by electrophoresis on an agarose
gel and analyzed by DNA sequencing using ABI PRISM BigDye
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Terminator version 3.1 (Applied Biosystems, Foster City, CA,
USA). The obtained sequences were compared with reported
HAdV genotypes obtained using the Basic Local Alignment
Search Tool (https://blast.ncbi.nim.nih.gov/Blast.cgi) in the Na-
tional Center for Biotechnology Information GenBank database
to identify HAdV strains according to their genetic similarity.

Phylogenetic analyses were performed to evaluate the genetic
relationships between the HAdV sequences obtained in this
study and the genetically closest sequences. Phylogenetic trees
were constructed based on sequence alignment using the
MEGA program (version 11) [11].

Among the 218 conjunctival swab samples collected from
January to November 2019, 128 were HAdV-positive by PCR,
with a positivity rate of 58.7%. The largest number of samples
was collected in August, and the highest positivity rate (>70%)
was observed during July-September 2019 (Table 1). Among
the 128 positive samples, most were type 8 group D (HAdV-DS,
65.6%), followed by types 64, 37, 3, 53, 4, and 56. The largest
number of positive samples was observed in July and August,
and the infections in this period were mainly caused by HAdV-
D8 (Table 1). The median age of the patients was 42.0 (range,
3-88) yrs, and there was no specific association between pa-
tient age and adenovirus genotype (Supplemental Data Table
S1). The phylogenetic tree (Fig. 1, Supplemental Data Table S2)
showed that samples with the same genotypes had similar se-
quences.

HAdV genotypes in keratoconjunctivitis have not been widely
examined; however, one study in Busan, Korea, conducted
jointly with researchers in Japan and Taiwan in 1983, showed

Table 1. Monthly positivity and genotypic distribution of acute adenoviral keratoconjunctivitis in 2019

Type N (%)* Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov
HAdV B3 7(5.5) 0 0 0 0 1 0 0 1 2 3 0
HAdV E4 2(1.6) 0 2 0 0 0 0 0 0 0 0 0
HAdV D8 84 (65.6) 0 3 1 2 2 5 20 35 6 4 6
HAdV D37 12 (9.4) 2 2 1 2 0 2 0 1 0 1 1
HAdV D53 4(3.1) 1 0 1 0 1 0 0 1 0 0 0
HAdV D56 1(0.8) 0 1 0 0 0 0 0 0 0 0 0
HAdV D64 16 (12.5) 0 0 1 5 5 1 1 1 0 0 2
Failed 2(1.6) 0 0 0 0 0 0 0 1 0 1 0
N of positive samples 128 (100) 3 8 4 9 9 8 21 40 8 9 9
N of tested samples 218 5 15 9 18 30 17 26 58 10 14 16
Positive rate (%) 58.7 60.0 53.3 444 50.0 30.0 47.1 80.8 69.0 80.0 64.3 56.3

*% indicates N/N of positive samples.
Abbreviation: HAdV, human adenovirus.
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Fig. 1. Phylogenetic analysis of adenoviruses detected in this study.
The sequences of adenoviruses and most genetically similar se-
quences from GenBank were included for analysis. The tree was
inferred using the maximum-likelihood method and Tamura-Nei
model with MEGA11. The tree is drawn to scale, with branch lengths
measured according to the number of substitutions per site.
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that almost all cases were caused by the D8 type, with no cases
caused by the D37 type (Table 2) [12]. However, types D37 and
D64 (formerly D19) were detected at high frequency in our
study. The new genotypes D53 and D56 were also identified in
our study. D54 was the most prevalent type in Japan from 1995
to 2010; D53 was the most prevalent type in China from 2011
to 2013 (Table 2) [13, 14]. The D37 type showed a higher fre-
quency than the D8 type in Japan and China (Table 2) [13, 141.
In Japan, the prevalence of keratoconjunctivitis caused by
HAdV-D8 has remarkably reduced in recent years and that of
HAdV-D53 and HAdV-D54 has increased [8, 13]. Thus, the
genotype of HAdV causing keratoconjunctivitis varies over time
and location.

Traditionally, HAdV-D8, -D19, and -D37 have been consid-
ered the major causes of epidemic keratoconjunctivitis. How-
ever, HAdV-D53, -D54, and -D56 have recently emerged as
new agents causing this disease [2, 15-17]. HAdV-D53 is an
intertype formed by recombination among HAdV-DS8, -D37, and
-D22 strains. HAdV-D54 is a common cause of epidemic kera-
toconjunctivitis in Japan and has not been reported in any other
country [13]. HAdV-D56 is a recombinant type detected in only
a few cases of epidemic keratoconjunctivitis and one case of fe-
tal neonatal pneumonia. HAdV-D64 (previously known as D19)
originates from recombination among HAdV-D19, -D37, and
-D22 [18].

HAdVs attach to host cells through an interaction between the
knob domain of the fiber and cell-surface receptors, and the
types causing keratoconjunctivitis may have affinity for ocular
epithelial cells [3]. The ocular tropism of these HAdV types may
be related to the fact that HAdV-D37 and a few other HAdV-D
types interact with sialic acid-containing glycans [19], and re-
gions of the HAdV-D8, -D53, -D54, and -D56 fiber genes are
highly similar to each other [20]. In this study, seven cases of
HAdV-B3 and two cases of HAdV-E4 were found. HAdV-E4 has
been associated with pharyngoconjunctival fever and epidemic
keratoconjunctivitis, while HAdV-B3 with pharyngoconjunctival
fever [2].

The majority of samples were collected in July and August
2019, when the positivity rate was >70%, confirming domi-
nance of the D8 type (Table 1, Fig. 1). The HAdV genotype ex-
hibits seasonal variation considering all samples; however, epi-
demic keratoconjunctivitis is acquired mainly from swimming
pools in summer, with the D8 type as the main cause [1, 3].
There was minimal nucleotide sequence variation among the
HAdV-D8 genotype strains detected in this study, which was
further confirmed by the phylogenetic analysis. Therefore, the
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Table 2. Comparison of results of this study with previously reported ocular adenovirus genotypes

Country Present study Busan, Korea Japan Taiwan Japan China
Year of sample collection 2019 1983 1981-1981,1983  1981-1981, 1983 1995-2010 2011-2013
N of typed samples 218 123 354 628 124 (D type only) 349
HAdV C1 2(0.6%)
HAdV C2 2(0.6%)
HAdV B3 7(3.2%) 5(4%) 17 (5%) 31(5%) 26 (7.4%)
HAdV E4 2(0.9%) 1(1%) 12 (3%) 1(0.2%) 65 (18.6%)
HAdV C5 1(0.3%)
HAdV B7 1(0.2%) 19 (5.4%)
HAdV D8 85(39.0%) 57 (46%) 102 (29%) 186 (30%) 8(6.5%) 47 (13.5%)
HAdV B11 3(2%) 2 (1%) 23 (4%) 4(1.1%)
HAdV B14 1(0.3%)
HAdV D37 12 (5.5%) 16 (5%) 18 (3%) 40 (32.2%) 61 (17.5%)
HAdV D42 1(0.3%)
HAdV D48 2(0.6%)
HAdV D53 5(2.3%) 5(4.0%) 59 (16.9%)
HAdV D54 66 (53.2%)

HAdV D56 1(0.5%) 1(0.8%) 1(0.3%)
HAdV D64 (previously D19) 14 (6.4%) 3(2%) 14 (4%) 27 (4%) 4(3.1%) 51 (14.6%)
Untyped or others 92 (42.2%) 54 (44%) 191 (56%) 341 (55%) 7(2.0%)
Reference [12] [12] [12] [13] [14]
Abbreviation: HAdV, human adenovirus.

double-stranded DNA virus HAdV shows fewer mutations com- ~ AUTHOR CONTRIBUTIONS

pared with single-stranded RNA viruses, such as rotavirus, nor-
ovirus, and coronavirus [5, 6].

In conclusion, the most common cause of adenoviral kerato-
conjunctivitis in Korea in 2019 was HAdV type 8 (group D), fol-
lowed by type 64 and type 37 (group D). Adenoviral keratocon-
junctivitis showed the highest frequency in July and August in
2019 and was mainly caused by type 8 (HAdV-D8). There was
little sequence variation within the same type of HAdV. The gen-
otype distribution of adenoviral keratoconjunctivitis may vary ac-
cording to the time period and geographic area. Our results pro-
vide a foundation for further studies of adenoviral keratocon-
junctivitis by geographic region and time period, which can help
to better understand the relationships among genotypes and
symptoms, ultimately providing guidance for drug resistance,
treatment, and vaccine development.
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Supplemental Data Table S1. Age distribution of patients with acute adenoviral keratoconjunctivitis

Age (yr) stntﬁzd P?“SI(E,ZI)W Type 3 Type 4 Type 8 Type 37 Type 53 Type 56 Type 64
0-9 13 7(53.8) 1 0 3 1 1 0 1
10-19 12 5(41.7) 0 0 3 1 0 0 1
20-29 24 11 (45.8) 0 0 8 1 1 0 1
30-39 45 24 (53.3) 4 1 11 4 0 1 3
40-49 25 14 (56.0) 1 1 7 2 0 0 3
50-59 35 23 (65.7) 1 0 18 0 1 0 3
60-69 29 14 (48.3) 0 0 13 1 0 0

>70 22 19(86.4) 0 0 17 0 0 0 2
Unknown 13 9(69.2) 0 0 4 2 1 0 2
Total 218 126 (57.8) 7 2 84 12 4 1 16
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Supplemental Data Table S2. The most closely related adenovirus strains from GenBank

N (%)* Closely related strains from GenBank

Adenovirus

subgroup
D8 84 (65.6) LC215432.1
D64 16 (12.5) LC314153.1
KF268213.1
D37 12 (9.4) LC215444.1
B3 7(5.5) MK847517.1
D53 4(3.1) MK116618.1
E4 2(1.6) MN307143.1
D56 1(0.8) LC215445.1

D8, 2013, Japan, EKC (ocular sample)

D64, 2015, Japan (ocular sample)
D64, 2013, USA (undescribed sample)

D37, 2014, Japan, EKC (ocular sample)
B3, 2011, China (undescribed sample)
D53, 2017, USA, EKC (ocular sample)
E4, 2000, Sweden (respiratory sample)
D56, 2015, Japan (ocular sample)

*% indicates N/N of positive samples.
Abbreviation: EKC, epidemic keratoconjunctivitis.
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