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Abstract: Conjunctivitis or “pink eye” disease caused by human adenoviruses (HAdVs) is highly
contagious and persistent morbidity without any effective treatments. Types of human adenoviruses
(HAdV) are also very diverse. Therefore, precise determination of HAdV-types causing conjunctivitis is
important for epidemiological studies. In this study, we aimed to develop a method for detection and
classification of human adenoviruses causing conjunctivitis in Vietnam. The HAdV genome was extracted
from clinical samples of conjunctivitis patients in Vietnam. The hypervariable region 7 (HVR-7) in hexon
gene of adenoviruses was amplified with the redesigned primers. HVR-7 region was then sequenced to
investigate and determine the HAdV-types. The HAdV types were identified by analyzing HVR-7
sequence of the hexon gene. In this research, HAdV-3, -4, -7, -8, -37 were identified as the cause of
conjunctivitis, in which serotype 8 was the predominant type, detected in 19/23 samples.
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1. Introduction

Conjunctivitis, also known as “pink eye” is
an inflammation of conjunctiva caused by the
infection of various pathogens including
viruses, bacteria, and fungi. The most prevalent
cause of conjunctivitis is the infection of human
adenovirus (HAdV) [1, 2]. Conjunctivitis
caused by HAdVs is highly contagious and
persistent morbidity without any effective
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treatment. HAdV conjunctivitis can be self-
cured after 7 to 14 days of infection, but
occasionally it may develop complication and
lead to unanticipated long-term impact to the
patients [3]. In Vietnam as well as in many
countries, HAdV conjunctivitis is quite popular
and frequently leads to the disease outbreak [2, 4].

HAdVs belong to the genus
Mastadenovirus. HAdVs are divided into 7
species (A-G) based on different oncogenic,
hemagglutinating, morphological and DNA
sequence properties. To date, 52 serotypes have
been identified. There are many HAdV
serotypes associated with conjunctivitis, in
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which type 8, 19, 37 are known to have the
greatest epidemic potential and are the leading
cause of severe keratoconjunctivitis [5]. HAdV-
3, HAdV-4 and HAdV-7 also commonly cause
mild  conjunctivitis as a  part of
pharyngoconjunctival fever [5]. There is limited
data on the prevalence of HAdV types in
Vietnam [4]. Determination of HAdV-types has
been one of principal and necessary directions
for an effective epidemiological surveillance
and qualified diagnosis.

The adenovirus genome is non-segmented,
linear double-stranded DNA [6]. The hexon
gene belonging to Late gene 3 (L3) with
average size about 2.7-2.9 kb long encodes
hexon proteins. Hexon is the most abundant and
largest of the structural proteins and plays a
crucial role of the major antigen [7, 8].
Particularly, loop 1 and loop 2 of the hexon
protein contain type-specific epitopes, as
known as neutralization € determinant classified
into seven hypervariable regions, HVR1-6 in
loop 1 and HVR7 in loop 2 [9].

Currently, PCR, sequencing analysis of
HAdVs genome regions have provided a rapid
and sensitive alternative for adenovirus
detection and typing in clinical samples [9-11].
The diagnosis by PCR and sequencing was
mainly based on the type-specific determinants
on hexon, penton and fiber gene [8]. HVR-7 of
hexon gene is a potential candidate for the type-
specific epitope with the low mean maximum
homology among serotypes of HVR-7 as 58%
[12]. Therefore, in this study, the HVR-7 was
used for PCR amplification and sequencing to
detect and classify HAdV-types in HAdV
conjunctivitis case in Vietnam.

2. Materials and Methods

Clinical sample collection: The HAdV
source was isolated from clinical samples of
conjunctivitis patients in Hanoi, Vietnam. 36
samples of ocular washing solution of different
conjunctivitis patients supplied by National
Institute Ophthalmology, Hanoi were kept in

1.5mL eppendorf tubes separately and stored at
-20°C until testing. The total volume of each
sample was in a range of 90-180 ul. The
patients who volunteered to give these samples
were not from the same family and they live
and work in different locations in Hanoi,
Vietnam.

DNA extraction: Viral DNA was extracted
by wusing The Viral Gene-Spin Virus
RNA/DNA Isolation Kit (iNtRon, Korea). The
extracted DNA was stored at -20°C for further
experiments.

PCR amplification of HVR-7 of hexon gene:
The sequence of the primer pair targeting
conserved segments that bracketed the HVR-7
of the hexon gene used in this study was 5’-
GTA CTA CAA CAG CAC TGG CAA CAT
GGG -3’ (forward primer) and 5°- GCR TTG
CGG TGG TGG TT-3’ (reverse primer). This
primer pair was modified based on a previous
research [11]. The primers targeted the
conserved segments, but they encompassed the
highly variable region. There existed some
different nucleotides in these segments among
HAdV-types, especially at both ends of the
original primers which could form mismatches
between the original primers and templates
from certain HAdV types. The redesigned
primers were changed by reducing those
different nucleotides at ends of original primers,
which possibly improve the PCR efficiency as
well as sensitivity. The desired size of PCR
product is also about 600 bp. Each PCR
reaction with 20 pl of total volume contained
10 pl of 2X PCR Master mix solution (i-Taq)
(iNtRon), 1.25 ul of 3.2 uM for each primer,
8.9 pl of double-distilled water and 0.3 pl of
DNA template. PCR was performed using the
PCR machine Kyratec with an initial
denaturation at 95°C for 2 min; followed by 35
cycles composing of denaturation at 95°C for
20 sec, annealing at 58°C for 10 seconds, and
elongation at 72°C for 35 seconds; and a final
extension at 72°C for 5 min. After PCR, a 3ul
of each reaction was examined by gel
electrophoresis on 2% agarose gels containing



N.V. Ha et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 32, No. 1S (2016) 213-219 215

Redsafe. The bands were visualized under UV
and acquired by Alphaimager MINI System.

Sequencing: The sense strands of the
amplicons were sequenced with the PCR
forward primer by 1* BASE sequencing service
using the BigDye® Terminator v3.1 cycle
sequencing kit chemistry.

Sequencing analysis: Sequencing editing
and analysis were done by using nucleotide
BLAST tool on NCBI and BioEdit software,
version 7.2.5. Sequence alignments were also
performed by using ClustalW Multiple
Alignment method in BioEdit software. The
phylogenetic analysis based on the nucleotide
sequences of HVR-7 including the sequences
from 23 samples and the hexon gene of HAdV-
1 to HAdV-46 was carried out by using the
Megab software. The tree was inferred using
the Neighbor-Joining method. The percentage
of replicate trees in which the associated taxa
clustered together in the bootstrap test (1000
replicates) is shown next to the branches. The

600bp -

evolutionary distances were computed using the
Kimura 2-parameter method. The accession
numbers of the used sequences will be listed in
the below appendix section.

3. Results and discussion

Amplifying HVR-7 of hexon gene by PCR:
Of the 36 samples studied, 23 were PCR
positive for HAdVs with amplified DNA
fragment of approximately 600 bp as the
same length as expected HVR-7 of the hexon
gene. The other 13 remaining samples might
be negative with HAdVs because of failing in
PCR without any amplified product. The
amplified products were fractionated on a 2%
agarose gel, which is shown in figure 1. The
desired PCR products were then purified by
using purification kit and sent for DNA
sequencing.

7 8 MK 9 10

11 12 13

Figure 1. PCR-amplified products of HVR-7 of hexon gene from clinical samples.

A total of 3 ul for each of the PCR products was examined on a 2% agarose gel. Lanes (-) are the negative control,
lanes MK are marker 100 bp (Norgen, the lowest band is 100bp, the distance between bands is 100 bp), Lane 1-13 are PCR

products from clinical samples.

Table 1. Summary of sequencing analysis by Nucleotide Blast tool on NCBI

Isilll:ll;tl)eesr of Obtained sizes HAdV-(Type)  Query cover Identity Accession

1 542 bp Type 3 100% 100% KM458623.1
1 440 bp Type 7 100% 98% KM458626.1
1 524 bp Type 4 100% 100% KF006344.1
1 558 bp Type 37 100% 100% AB448778.1
19 494-550 bp Type 8 100% 100% AB500121.1
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Figure 2. Alignment of DNA sequence from samples and HAdV-8 from GeneBank by BioEdit software.

4. DNA sequencing analysis

The identity of amplicons with expected
size was confirmed by single pass DNA
sequencing with PCR forward primer. The
sequencing results had good sequence trace
with clear peak and the noise only appeared at
the two ends of the sequence. The sequences
and traces were interpreted by BioEdit
software.

The sequences (440-545 bp) obtained by
eliminating the noisy nucleotides were then
analyzed online by nucleotide BLAST tool on

NCBI to find out the most homology sequences
in GeneBank with studying sequences. The
BLAST results have shown that all 23 samples
were successfully determined the HAdV-
serotypes, which was illustrated in Table 1. The
homology rate of these sequences to those from
Genebank was reached nearly 100%, excluded
1 sample containing similarity of DNA
sequence to serotype 7 by 98%. There was no
existence of different HAdV-types in the same
sample. The HAdV-8 was the most common
type found in this study with 19/23 samples.
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Figure 3. The phylogenetic tree of HAdVs based on
the HVR-7 nucleotide sequence.

In addition, the sequence of HAdV-8 hexon
gene which was a known sequence from
GeneBank database (AB330089.1) and the
sequences of samples identified above as type -

8, -3, -4, -7, -37 were aligned together by using
ClustalW  Multiple Alignment method in
BioEdit software. The noisy nucleotides from
sequencing results had already been erased
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before alignment. The sequences from samples
were fit to the anticipated range comprising
HVR-7 (approximately from 1000™ nucleotide
to 1600™ nucleotide within hexon gene length
of ~2900 bp), which indicates that the region
containing HVR-7 was precisely amplified and
sequenced by the edited primer pair. The
alignment result was shown in Figure 2. The
figure 2 also displayed that the sequences of the
HAdV-8, -3, -4, -7, -37 samples (as defined
above) contained many dissimilar nucleotides
to each other. These different nucleotides could
be adequate to distinguish HAdV-types.

Besides, phylogenetic analysis based on the
nucleotide sequences of HVR-7 was conducted
by using the neighbor-joining method within
the Mega6 software. As shown in all Figure 3,
each type was clearly separated in the
phylogenetic analysis based on the HVR-7
sequence of hexon gene. The samples which
have high homology to type 3, -4, -7, -8, and -
37 were localized within the same branch and at
the same internode with HAdV-3, -4, -7, -8, -37
respectively, as expected. This phylogenetic
tree was not aimed at reflecting the phylogeny
of HAdVs, and for more precise calculation of
genetic distance among types, the much larger
sequences, ideally whole genomes are required. In
summary, the phylogenetic tree herein supported
to display the distinct categories of HAdV-type
based on HVR-7 of the hexon gene.

However, it should be considered that
although this typing scheme based on the HVR-
7 of hexon gene was proposed as one of the
HAdV-typing systems, this method could fail to
recognize the recombinant strain, especially if
the new recombinant strains owning the similar
regions at HVR-7 of the hexon gene.
Nevertheless, it was suggested that these arising
recombinant strains may occur relatively
infrequently [11].

5. Conclusion

HVR-7 of the hexon gene was successfully
amplified from clinical samples by PCR with

using the edited primer pair. Human adenovirus
DNA was detected in 23/36 clinical samples.
The HAdV-types from clinical samples were
recognized by sequencing the HVR-7 of the
hexon gene. HAdV-3, -4, -7, -8, -37 were
identified as the cause of conjunctivitis in this
study, in which type 8 was the dominant type,
detected in 19/23 samples.
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Xay dung quy trinh phat hién va phan loai adenovirus
gay bénh dau mat do & nguoi

Nguyén Viét Ha', Nguyén Thi Thu Huyén', S Thi Thanh Huyén?,
Nguyén Quang Hung', Tran Thity Anh', Hoang Anh Tuén’, Nguyén Vin Sang'
'Khoa Sinh hoc, Dai hoc Khoa hoc Ty nhién, PHQGHN, 334 Nguyé~n Trdi, Ha Noi, Viét Nam

2Trming THPT Chuyén Khoa hoc Tu nhién, Truong Pai hoc Khoa hoc Tw nhién, PHQGHN,
182 Lwrong Thé Vinh, Thanh Xudn, Ha Néi, Viét Nam
3B_énh vién Mt Trung wong, 85 Ba Triéu, Hai Ba Trung, Ha No¢i, Viét Nam

Tém tit: Bénh viem két mac hay dau mét dé do virut adeno gdy ra & ngudi c6 do 1ay nhidm cao va
thuong sinh bénh kéo dai ma chua c6 thudc diéu tri hidu qua. Céc chung adenovirus ¢ nguoi cling rat da
dang. Vi thé, viéc xdc dinh chinh x4c ching virut adeno gy bénh dau mét do cho nguoi la vo cung § nghia
trong cdc nghién ciru dich té. Trong nghién ctru niy, muc dlCh duoc dua ra la phat trién phuong phép phat
hién va phan loai cdc chung virut adeno gay bénh dau mit d6 & Viét Nam. Hé gen cua adenovirus dugc
tach chiét tir cic mau lay tir ngudi bénh dau mat do & Viét Nam. Vung siéu bién d6i sé 7 (HVR-7) nam trén
gen hexon cua adenovirus dwgc nhén 1én véi mot cip mdi cai bién. Ving HVR-7 trén gen hexon sau d6
duoc gidi trinh ty va phan tich dé dua vao d6 xdc dinh ching adenovirus. Két qua dat duoc 1a cac ching 3,
4,17, 8, 37 dugc tim thdy trong cic mau bénh dau mat do, trong d6 da s6 cc mau phat hién duoc 1a ching
8, voi s6 lwong 12 19 mAu trén tong sé 23 mau dwong tinh véi virut adeno.

Tir khéa: Adenovirus & nguoi, viing bién dbi cao sb 7 (HVR-7), chiing, bénh dau mit do, PCR.



