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Domestic cat hepadnavirus (DCH) belongs to the Hepadnaviridae family together
with human hepatitis B virus (HBV) that remains to be a major health problem
worldwide. The transmission of HBV infectious virion has been one of the essential
factors that contribute to high number of HBV infection in humans. It has been
long known that various body fluid specimens of human with chronic HBV
infection contain HBV DNA and demonstrated to be infectious. In contrast to
this knowledge, the detection of DCH in various body fluid specimens of cats,
has not been reported. This study explored the detection of DCH DNA in various
body fluid specimens of cats by quantitative polymerase chain reaction (qPCR)
and investigated whether the detection of DCH DNA from broader routes was
correlated with any genomic diversity by phylogenetic analysis. A total of 1,209
body fluid specimens were included, and DCH DNA was detected not only in 4.70%
(25/532) of blood samples; but also in 12.5% (1/8), 1.14% (1/88), 2.54% (10/394),
and 1.65% (3/182) of auricular swab (AS), nasal swab (NS), oral swab (OS), and rectal
swab (RS) specimens, respectively. Furthermore, the level of DCH DNA detected
in the blood was significantly correlated with DCH DNA detection in OS (P =
0.02) and RS (P = 0.04) specimens. Genomic analysis revealed that there was no
notable genomic diversity within the complete genome sequences obtained in this
study. In conclusion, this study highlighted the presence of DCH DNA in various
body fluid specimens of cats, and the potential role of these specimens in DCH
horizontal transmission within the cat population warrants further studies.
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Introduction

Human hepatitis B virus (HBV), a relaxed circular DNA virus, belongs to the
Hepadnaviridae family and remains a major health problem worldwide as it is responsible
for more than 800,000 deaths each year (1, 2). Despite the availability of an HBV vaccine, it
is estimated that 360 million peoples suffer from chronic HBV infection with increased risk
of life-threatening diseases such as cirrhosis and hepatocellular carcinoma (HCC) (3). In
2018, domestic cat hepadnavirus (DCH), an HBV relative, was detected in cats, and since
then, several studies have reported the global detection of DCH in the blood and liver

01 frontiersin.org


https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://doi.org/10.3389/fvets.2023.1248445
http://crossmark.crossref.org/dialog/?doi=10.3389/fvets.2023.1248445&domain=pdf&date_stamp=2023-09-04
mailto:alkaline_eart@hotmail.com
mailto:somporn.t@chula.ac.th
https://doi.org/10.3389/fvets.2023.1248445
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fvets.2023.1248445/full
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Wardhani et al.

tissue of cats, with prevalence ranging from 0.78 to 18.5% (4-
10). A concern regarding the possible role of DCH in the
development of chronic liver disease in cats has been raised
and investigated in several studies, and strikingly, an early study
revealed that DCH was detected and localized only in the liver
tissue of cats with chronic hepatitis and HCC, and no detection
was made in the liver biopsy of healthy cats and cats with
cholangitis and biliary carcinoma (5). Moreover, recent studies
agreed that DCH was strongly associated with increased liver
enzyme activities suggestive of hepatitis (7, 1 1), even after ruling out
other possible viral infections that commonly cause hepatopathy in
cats (9). The possible role of DCH in the development of hepatic
disturbances and chronic hepatitis and HCC in cats, therefore,
cannot be neglected.

The transmission of an infectious virion, specifically from
chronically infected individuals that are asymptomatic serves as
a challenge that contributes to the high HBV infection rate in
humans. HBV is mainly transmitted horizontally by blood-related
infection and sexual contact and vertically from the infected
mother to her newborns (12). These days, however, there is
growing evidence of HBV DNA detection from other sources,
such as the saliva, sweat, tears, feces, and cerumen of infected
individuals, with saliva and tears having been demonstrated to be
infectious in human or animal models (12-15). In contrast to the
growing knowledge about HBV transmission routes in humans,
the detection of DCH in various body fluid specimens of cats has
rarely been reported. Capozza et al. investigated the detection of
DCH from broader routes, including oral, conjunctival, preputial,
and rectal swabs from a cat, but no positive result was obtained,
despite the prolonged DCH viremia status of the cat that remained
for 11 months (16). With the increasing trend of multi-cat settings
where close contact and fighting is inevitable, it is crucial to
assess the potential transmission of DCH from various body fluid
specimens other than blood. Therefore, the aim of this study was
to explore the presence of DCH in the blood and other body
fluid specimens, including auricular swab (AS), nasal swab (NS),
oral swab (OS), rectal swab (RS), and urine obtained from cats
from various provinces in Thailand and to determine whether the
presence of DCH DNA in various body fluids is correlated with any
genotypic difference using full-length genomic characterization.

Materials and methods

Sample collection

To investigate the presence of DCH in various clinical samples,
we collected several body fluid specimens including blood, AS,
NS, OS, RS, and urine from animal hospitals and cat shelters in
Thailand. Clinical samples were collected from cats that underwent
examination for a general health checkup or were appointed
to receive chemotherapy or continuous treatment for chronic
diseases. All specimens were collected with the prior owner’s
consent. The details of specimens collected from each cat are
presented in Supplementary material S1.

Blood samples were collected in EDTA blood collection tubes,
whereas AS, NS, OS, and RS specimens were collected using
sterile cotton swabs and immersed in 0.6 mL of sterile 1x PBS

Frontiers in Veterinary Science

10.3389/fvets.2023.1248445

in 1.5-mL Eppendorf tubes. Urine was collected using a non-
invasive procedure by the free-capture method. All specimens were
subsequently stored at —80°C prior to the extraction procedure.

All investigative procedures were conducted in accordance
with the Animal Research: Reporting of In Vivo Experiments
(ARRIVE) guidelines and regulations. This study was approved by
the Institutional Biosafety Committee of Chulalongkorn University
(IBC No. 2131001) and Chulalongkorn University Animal Care
and Use Protocol (CU-ACUP No. 2131004).

In addition, a longitudinal detection was performed for five
cats that showed positive result in the initial DCH screening,
namely PK-71, PK-74, PK-83, PK-91, and CU-38. The longitudinal
study was done with a convenience-based sample collection of
practitioners, and the duration of sample collection ranged from
13 to 111 days, depending on each cat’s follow-up examination.

Viral nucleic acid extraction and molecular
screening for DCH

Approximately 200 pL of each specimen was subjected to a viral
nucleic acid extraction procedure using the IndiSpin® Pathogen
Kit (QIAGEN® GmbH, Germany) according to the manufacturer’s
protocol. The quality and quantity of the extracted nucleic acid
were measured using a spectrophotometer (Nabi-UV/Vis Nano
Spectrophotometer, Korea) at a 260/280 absorbance ratio. The
extracted nucleic acid was then stored at —80°C until it was used
further for viral molecular screening.

DCH screening was performed by a qPCR assay targeting
the conserved overlapping region of P- and S-ORFs as previously
described (11). Briefly, PCR master mix was prepared using the
KAPA SYBR™ FAST qPCR Master Mix kit (Kapa Biosystems,
Sigma-Aldrich, South Africa) with the addition of a set of
primers: DCH-qF (5-CGTCATCATGGGCTTTAGGAA-3') and
DCH-qR (5'-TCCATATAAGCAAACACCATACAAT-3"). For the
amplification of DCH DNA, the thermocycling conditions were
set in the QIAGEN real-time PCR cycler Rotor-Gene Q (Qiagen,
Germany) with Tagq polymerase activation at 95°C for 3 min,
followed by 35 cycles of denaturation at 95°C for 10 s and annealing
at 60°C for 20s. The amplification condition was then followed
by the increasing the thermal cycler temperature from 70 to 95°C
to acquire the melting curve from each amplicon. Samples that
showed amplification curve above the threshold with single melting
peak ranging from 80 to 85°C in accordance to the standard
plasmids were considered as positive. The viral DNA copy number
was obtained by comparing the acquired fluorescence signal from
the samples with the standard plasmid containing the L-gene
fragment of DCH (TOPO™ TA Cloning™ Kit with One Shot™
TOP10 Chemically Competent E. coli; Invitrogen, USA) designed
using the available DCH sequences on GenBank (https://www.ncbi.
nlm.nih.gov/genbank/) as previously described (6).

Statistical analysis

All statistical analyses in this study were conducted using
SAS statistical software version 9.4 (SAS Inst., Cary, NC, USA).
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Initially, the MEANS procedure was performed to analyze the
descriptive statistical data including the mean, standard deviation
(SD), minimum, and maximum DCH DNA level presented in each
group of specimens. For cats with multiple DCH detections during
the longitudinal sample collection and testing, only the single time
point at which the level of DCH DNA in the blood was the highest
was included for statistical analysis. Multiple analyses of variance
were carried out using a general linear model procedure to compare
the level of DCH DNA among groups of specimens.

In addition, 14 DCH viremic cats were further classified based
on the DCH DNA level present in the blood according to the
correlation between HBV DNA level in the blood and HBV DNA
positivity in other specimens as previously described (15). Only
14 of 25 DCH viremic cats could be included in this analysis
due to the lack of other body fluid specimens available from the
remaining 11 cases. In this study, we divided the tested cats into
three different groups: (1) low viral load group, with a DCH DNA
level < 5 log copies (LC)/mL; (2) high viral load group, with a
DCH DNA level between 5 and 7 LC/mL; and (3) very high viral
load group, with a DCH DNA level > 7 LC/mL. The association
between DCH DNA level in the blood and the detection in other
body fluid specimens was subsequently analyzed using Fisher’s
exact test, and relative risk (RR) was estimated using the FREQ
procedure. A P-value < 0.05 was considered statistically significant
for all tests.

Complete genome sequencing and
phylogenetic analysis

Genomic characterization and analysis were conducted to
compare the complete genome sequences obtained from blood
to those obtained from other body fluid specimens. We also
compared the complete genome sequences obtained from cats
for which DCH DNA was detected only in single specimen to
those obtained from cats for which DCH DNA was detected in
multiple specimens. A total of nine complete genome sequences
were retrieved from seven blood samples, one OS sample,
and one RS sample. These cases were selected based on the
highest number of viral loads present in the specimens and
represented the cases for which DCH DNA was detected from
only one route and those with DCH DNA detected in multiple
routes. Conventional PCR with the addition of three different
sets of primers was employed to retrieve the DCH complete
genome as previously described (4, 6). Retrieved sequences were
then aligned and compared with the reference DCH sequences
obtained from GenBank, using the freely available Molecular
Evolutionary Genetic Analysis (MEGA) 7.0 software (http://
www.megasoftware.net/). All sequences were then subjected to
the construction of a maximum likelihood phylogenetic tree
using bootstrap analysis with 1,000 replications. The HKY+G+I
model was implemented as the best model based on the lowest
Bayesian information criterion number from the best-fit model
algorithm in the MEGA 7.0 software. A set of primers for DCH
complete genome amplification and the previously described DCH
sequences used for constructing a phylogenetic tree are presented
in Supplementary Tables S2, S3.
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TABLE 1 DCH detection in various body fluid specimens with the details
of sample’s availability.

DCH DNA copies number (log copies/mL) in
clinical samples

Blood OS NS AS RS Urine

PT-57* 6.4 - n/a - - n/a
PK-71*0 9.1 5.5 - - 6.2 n/a
PK-74* 6.0 - n/a - - n/a
CU-37% 6.6 - n/a - - n/a
CU-38% 5.7 - n/a - - n/a
PK-83*® 9.9 6.4 n/a 6.9 -

PK-91*® 9.4 6.4 n/a 6.8 6.5 n/a
KB-18*" 9.0 - n/a n/a - n/a
KB-19* 6.6 - n/a n/a - n/a
PK-92* 6.2 - - - - -

PK-93* 6.2 - n/a n/a n/a n/a
PK-94%P 7.4 - n/a n/a n/a n/a
PK-95%° 9.1 4.7 n/a n/a n/a n/a
PK-98%P 9.0 4.2 n/a n/a n/a n/a
PB-45 5.8 n/a n/a n/a n/a n/a
PB-46 6.6 n/a n/a n/a n/a n/a
PB-71 6.0 n/a n/a n/a n/a n/a
PB-79" 9.3 n/a n/a n/a n/a n/a
PB-84 52 n/a n/a n/a n/a n/a
PB-87° 9.0 n/a n/a n/a n/a n/a
PB-88 3.6 n/a n/a n/a n/a n/a
PB-99" 9.6 n/a n/a n/a n/a n/a
SC-54° 7.4 n/a n/a n/a n/a n/a
SCKU-19° 8.6 n/a n/a n/a n/a n/a
SCKU-40P 8.2 n/a n/a n/a n/a n/a
S6-47 n/a 9.9 n/a n/a n/a n/a
56-58 n/a 9.1 n/a n/a n/a n/a
PK-40 n/a 5.8 n/a n/a n/a n/a
PK-41 n/a 6.1 n/a n/a n/a n/a
S-191 n/a 8.4 9.2 n/a n/a n/a
Total® 25 10 1 1 3 0

OS, oral swab; NS, nasal swab; AS, auricular swab; RS, rectal swab; n/a, not available; -,
negative result.

2Cases where specimens additional to the blood were available.

bCases where DCH DNA level in the blood were >7 log copies/mL.

“Total of positive cases in each specimen.

Results

DCH detection from various body
fluid specimens

A total of 1,209 clinical specimens were collected from 921
different cats. In detail, the clinical samples consisted of blood
specimens collected from 532 cats, OS from 394 cats, RS from 182
cats, NS from 88 cats, AS from 8 cats, and urine from 5 cats. A
total of 30/921 (3.26%) cats showed a positive result for DCH DNA
detection by qPCR from at least one body fluid specimen. Within
these 30 DCH-positive cats, 20 cats showed a positive result only in
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the blood (in 11/20 cats, only blood specimens were available; and
in the other 9/20 cats, various body fluid specimens additional to
the blood were available, but showed negative result). In addition
to these 20 cases that showed positive only in the blood, four cats
revealed positive detection only in the OS (blood specimens were
not available in these cases), and six cats showed a positive result
in more than one body fluid specimen. Of the six cats with DCH
detection in more than one specimen, two cats (Case Nos. PK-95
and PK-98) revealed a positive result in the blood and OS; two other
cats (Case Nos. PK-71 and PK-83) showed a positive result in the
blood, OS, and RS; one cat (Case No. PK-91) revealed a positive
result in the blood, OS, RS, and AS; and one cat (Case No. S-191)
showed a positive result in the OS and NS (blood specimen was
not available).

As for the clinical specimen level, the qPCR for DCH detection
employed in this study revealed a positive result in 40/1,209 (3.31%)
of the collected samples. Specifically, DCH DNA was detected in
25/532 (4.70%), 10/394 (2.54%), 3/182 (1.65%), 1/88 (1.14%), and
1/8 (12.5%) blood, OS, RS, NS, and AS specimens, respectively. No
DCH-positive result was found in the urine specimens. The overall
result of DCH detection in cats and the details of sample availability
from every DCH-positive cat are presented in Table 1.

DCH DNA quantification

The level of DCH DNA detected in the blood ranged from 3.6
to 9.9 LC/mL, with a mean (£SD) of 7.4 & 1.7 LC/mL. In the OS
and RS specimens, DCH DNA was detected with copy numbers
ranging from 4.2 to 9.9 LC/mL and 6.2 to 6.9 LC/mL, respectively,
whereas the means (+SD) were 6.7 & 1.9 LC/mL and 6.5 £ 0.3
LC/mL. As for the AS and NS specimens, a positive result was
found in only one sample of each specimen, with a DNA level of
6.8 and 9.2 LC/mL, respectively (Figure 1). The multiple analyses
of variance employed in this study revealed that there was no
significant difference in the DCH DNA level between the blood, OS,
RS, NS, and AS specimens.

Within the 25 DCH viremic cats, various body fluid specimens,
in addition to the blood samples, were available only in 14 cats that
were grouped evenly into the high viral load (7/14; 50%) and very
high viral load (7/14; 50%) groups. Strikingly, a level of DCH DNA
in the blood higher than 7 LC/mL (i.e., very high viral load group)
was significantly correlated with DCH detection in the OS and RS
specimens (P = 0.02; RR = 3.5 and P = 0.04; RR = 4, respectively),
whereas there was no significant correlation between the level of
DCH DNA in the blood with the presence of DCH DNA in the AS
specimens (Table 2). NS specimen was excluded from the statistical
analysis due to the lack of sample availability.

Longitudinal detection of DCH

A total of 4/5 cats included in the longitudinal DCH
detection study (PK-71, PK-74, PK-83, and PK-91) showed viremia
throughout the collection period (13-111 days), whereas one cat
(CU-38) showed DCH viremia only on the first sampling (day 0)
and was negative on the next sampling (day 90). The DCH DNA
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FIGURE 1

DCH DNA levels detected in various specimens. The level of DCH
DNA detected in blood, oral swab, rectal swab, nasal swab, and
auricular swab showed no significant difference. In this figure, the
means and SDs are indicated by horizontal and vertical bars,
respectively.

level detected in the blood from all five cats during the longitudinal
study ranged from 4.2 to 9.9 LC/mL. Broader detection of DCH in
the specimens other than blood was observed from 3/5 cats (PK-
71, PK-83, and PK-91), whereas no broader detection was observed
from cats PK-74 and CU-38.

Furthermore, cat PK-71 showed DCH positivity in the OS
on day 0 with a viral copy number of 4.8 LC/mL and was
negative on the next sampling (day 23). On day 57, however,
recurrent DCH positivity in the OS was observed, with a DCH
DNA level of 5.5 LC/mL, and on day 111, the OS specimen
tested negative. Other than the OS specimen, DCH DNA was
also detected in the RS on day 57, with a viral copy number
of 6.2 LC/mL. DCH detection was negative in the AS at
three sample collection times (day 23, day 57, and day 111),
and there were no NS and urine specimens available from
cat PK-71.

Cat PK-83 was screened twice, and only blood and OS
specimens were available at the first screening (day 0). Other
than blood, DCH positivity was observed in the OS specimens
throughout the sampling collection period. The viral copy numbers
detected in the OS specimens were 6.6 and 6.4 LC/mL on day 0
and day 13, respectively. DCH DNA was also detected in the RS
specimen on day 13 at a level of 6.5 LC/mL, and no detection
was found in the AS and urine specimens. An NS specimen
was not available during the longitudinal sample collection of
cat PK-83.
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TABLE 2 The associations between DCH DNA level in blood with the
detection in other specimens.

DNA level
in blood

DCH DNA detection in other
specimens

RSP AS

0os?

High viral load group (5-7 log copies/mL)

PT-57 - - - n/a
PK-74 - - - n/a
CU-37 - - - n/a
CU-38 - - - n/a
KB-19 - - n/a n/a
PK-92 - n/a n/a n/a
PK-93 - n/a n/a n/a

Very high viral load group (>7 log copies/mL)

PK-71 + + - -

PK-83 + + - n/a
PK-91 + + + n/a
KB-18 - - n/a n/a
PK-94 - n/a n/a n/a
PK-95 + n/a n/a n/a
PK-98 + n/a n/a n/a

OS, oral swab; NS, nasal swab; AS, auricular swab; RS, rectal swab; n/a, not available; +,
positive result; -, negative result.

2Statistically significant (P = 0.02, RR = 3.5).

bStatistically significant (P = 0.04, RR = 4).

Cat PK-91 was screened three times, on day 0, day 7, and
day 55. DCH DNA was not detected in body fluid specimens
other than blood on day 0 and day 7. In contrast, all available
specimens, including blood, AS, OS, and RS, showed DCH
positivity on day 55. The viral copy numbers detected in the
AS, OS, and RS specimens on day 55 were 6.8, 6.4, and 6.5
LC/mL, respectively. No NS specimen was available from cat PK-
91 throughout the sample collection period. The overall results
of longitudinal DCH detection in this study are presented in
Table 3.

Complete genome and phylogenetic
analysis

Nine  3,184-bp sequences  were
successfully characterized from seven blood samples, designated
as DCH/KB18-B/THA/2022, DCH/PK98-B/THA/2022,
DCH/PK83-B/THA/2022, DCH/PK71-B/THA/2022,
DCH/PK74-B/THA/2022, DCH/PK95-B/THA/2022, and
DCH/PK91-B/THA/2022; one OS specimen, designated as
DCH/S647-OS/THA/2016; and one RS specimen, designated as
DCH/PK83-RS/THA/2022 (GenBank Accession Nos. 0Q362106—

0Q362114). All complete DCH sequences retrieved in this study

complete  genome
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TABLE 3 Longitudinal detection of DCH DNA from five different cases.

DCH DNA copies number (log
copies/mL)

Clinical specimens

Blood OS NS AS RS Urine
PK-71
05/03/2022 (Day 0) 8.2 4.8 n/a n/a n/a n/a
15/03/2022 (Day 10) 8.2 n/a n/a n/a n/a n/a
28/03/2022 (Day 23) 8.3 - n/a - - n/a
01/05/2022 (Day 57) 9.1 5.5 n/a - 6.2 n/a
24/06/2022 (Day 111) 8.1 - n/a - - n/a
PK-74
05/03/2022 (Day 0) 4.2 - n/a n/a n/a n/a
15/03/2022 (Day 10) 6.0 n/a n/a n/a n/a n/a
24/03/2022 (Day 19) 5.7 - n/a - - n/a
PK-83
25/04/2022 (Day 0) 9.7 6.6 n/a n/a n/a n/a
08/05/2022 (Day 13) 9.9 6.4 n/a - 6.5
PK-91
04/05/2022 (Day 0) 8.3 - n/a n/a n/a n/a
11/05/2022 (Day 7) 9.0 - n/a - - n/a
28/06/2022 (Day 55) 9.4 6.4 n/a 6.8 6.5 n/a
CU-38
13/03/2022 (Day 0) 5.7 - n/a - - n/a
11/06/2022 (Day 90) - - n/a - - n/a

OS, oral swab; NS, nasal swab; AS, auricular swab; RS, rectal swab; n/a, not available; -,
negative result.

showed a high percentage of nucleotide identity (96-100%) among
themselves, and no distinctive sequence was observed (data
not shown).

The constructed phylogenetic tree revealed that nine sequences
from this study were grouped into two different lineages (Figure 2).
Six sequences (0Q362107, 0Q362108, 0Q362109, OQ362111,
0Q362113, and OQ362112) shared the same lineage with previous
DCH strains from Thailand (Accession Nos. MT506042.1,
MT506043.1, MT506044.1, and MT506045.1). In contrast, three
other sequences (0Q362106, 0Q362110, and OQ362114) were
grouped into different lineages together with some DCH strains
from Thailand (Accession Nos. MT506047.1 and MT506041.1)
and DCH strains from Malaysia, Australia, Japan, Italy, and Hong
Kong (Accession Nos. MK902920.1, MH307930.1, LC668427.1,
OK574326.1, and OP643851.1—0P643862.1, respectively).
In addition, the phylogram demonstrated that the complete
nucleotide sequences obtained from cases where DCH DNA was
detected only in the blood (Case Nos. KB-18 and PK-74; Accession
Nos. 0Q362110 and OQ362111) were not distinct from those cases
that expressed DCH DNA in the blood and other specimens (Case
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0OP643860.1 DCH/HK/2020
0OP643858.1 DCH/HK/2020

- OP643861.1 DCH/HK/2020
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FIGURE 2
Phylogenetic tree constructed from the complete nucleotide sequences of DCH retrieved in this study. The maximum likelihood phylogenetic tree
was constructed with the addition of available DCH sequences in GenBank and demonstrated that nine sequences obtained in this study (labeled
with A) were grouped into two different lineages.
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Nos. PK-71, PK-83, PK-91, PK-95, and PK-98; Accession Nos.
0Q362109, 0Q362107, 0Q362112, 0Q362113, and 0Q362114).

Discussion

Hepadnaviruses have been long described to be associated
with chronic hepatic diseases in some species, including humans
and woodchucks (17, 18). In 2018, a novel hepadnavirus was
first discovered in cats, tentatively named DCH (4). To date,
several studies have been conducted to investigate the pathogenicity
potential of DCH in feline species, and an association between
DCH infection and liver disturbances in cats has been suggested
(5, 6,9, 11). The potential role of DCH in domestic cats, therefore,
cannot be neglected.

In humans, horizontal transmission plays a contributive role
in the increasing number of HBV infections, and concern about
HBV transmissibility from various body fluid specimens other than
blood has been raised in the last decade (12, 19). This concern
was especially highlighted in settings where close contact with
chronically infected patients that showed no apparent clinical signs
was inevitable, such in children’s daycares or preliminary schools
(12, 13). Correspondingly, the detection of HBV DNA in various
body fluid specimens other than blood, including cerumen, sweat,
nasopharyngeal swab, urine, saliva, and tears, has been reported in
numerous studies (3, 12, 14, 15, 20, 21). In contrast to the broad
evidence demonstrating the detection of HBV DNA in various body
fluid specimens from infected patients, to date, there has been no
report on the detection of DCH DNA in body fluid specimens other
than blood in cats, although such an investigation was attempted in
an earlier study (16). In this study, therefore, we investigated the
detection of DCH DNA in blood and other body fluid specimens of
cats. Notably, our result showed that DCH DNA could be detected
in various body fluid specimens, including the blood, AS, NS, OS,
and RS, whereas no positive detection was observed in urine. The
low number of urine samples availability might explain the absence
of DCH positivity from urine specimen in this study, however, the
detection of other hepadnavirus from urine specimens has been
documented in several studies (22, 23).

The prevalence of DCH DNA detected in clinical samples in
this study ranged from 1.14 to 4.70%, with the lowest prevalence
observed in the NS specimens and highest prevalence obtained
from blood. In HBV, broader detection of viral DNA in various
body fluid specimens has been evidenced in several studies, with
saliva and semen first experimentally demonstrated to be infectious
(20). Later, in vivo experiment showed that the tears of chronically
infected patients are also considered to be highly infectious (12). In
regard to the risk of horizontal transmission of HBV from various
routes other than blood, with the addition of the increasing trend of
multi-cat settings where fighting and close contact between cats are
inevitable, the detection of DCH DNA in various specimens in this
study is enthralling. To what extent the detectable DCH DNA from
various routes plays a role in infectivity and horizontal transmission
in cat populations, however, requires further experimental studies.

The infectious potential of hepadnaviruses is also directly
correlated with expressed viral load in the specimens (12). In
this study, the mean DCH viral load detected in the blood, AS,
NS, OS, and RS was >6 LC/mL, whereas in HBV, it has been
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described that body fluids containing HBV DNA > 5 LC/mL
have the potential to be transmission vehicles, especially in highly
endemic areas (12, 14, 15). The infectious risk of body fluids such
as saliva and nasopharyngeal swab specimens containing high titers
of HVB DNA has also been highlighted in multi-individual settings,
such as those in childcare vicinities where horizontal transmission
among children has been concerning (24). Although the result in
which DCH DNA was detected in high titers from various body
fluid specimens is intriguing, the clinical implications is yet to be
explained because the DCH prevalence in this study is also lower
compared with that observed in previous studies in Thailand (6).

In this study, it must be noted that although the sample
collection procedures were performed with extra caution to prevent
any trauma, the presence of blood from previously existing trauma
and/or microtrauma could not be ruled out. However, during
longitudinal sample testing, the OS specimens collected from
cat number PK-71 revealed recurrent DCH DNA positivity (on
the fourth testing) together with the increased DNA level in
the blood and was then negative again on the next testing with
a decreased DNA level in the blood (Table 3). Therefore, the
presence of DCH DNA in body fluid specimens other than blood
in this case might indicate the hematogenous spreading of DCH
DNA. This result agrees with the evidence in humans showing
that HBV viral DNA can be independently present in cerumen
specimens without any blood contamination, as they ruled out the
presence of blood in the collected specimens using a specific Meyer
test (21).

It is also worth noting that of 14 cats in which various
specimens in addition to the blood were available, the detection
of DCH DNA in the OS, RS, NS, and AS was only observed in
the group containing more than 7 LC/mL in the blood, whereas
no detection was observed in the group where DCH DNA in the
blood ranged between 5 and 7 LC/mL or less. A previous study
investigating the presence of DCH DNA in oral, conjunctival,
preputial, and rectal swabs also revealed negative results in all
specimens collected from cats with DCH DNA levels in the blood
ranging from 5.2 to 6.3 LC/mL (16). Correspondingly, there were
positive correlations between the level of DCH DNA in the blood
and the detection in OS and RS specimens. Statistically, this study
revealed that DCH viremia cats with DCH DNA levels in the blood
higher than 7 LC/mL are 3.5 and 4 times more likely to express
DCH DNA in OS and RS specimens, respectively. The result in this
study raised supporting evidence that mirrors the characteristic of
HBYV, where a correlation between the presence of high levels of
HBV DNA in the serum with the presence of HBV DNA in other
body fluids such as cerumen, saliva, nasopharyngeal swab, tears,
and sweat has been documented in chronically infected humans
(12, 21, 24-26). The increasing level of HBV DNA in the blood
of HBV chronically infected patients is commonly seen during the
HBV reactivation period due to various underlying causes that
promotes immunosuppressive conditions, such as prior human
immunodeficiency virus infection, chronic diseases, therapeutic
intervention and/or chemotherapy, and inadequate host immune
response (27). In this study, the direct correlation between the
clinical presentations and immunosuppression status of the cats
with DCH DNA levels in the serum could not be drawn due to
the limited history at the time of sample collection and warrants
further investigation.
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In contrast to the OS and RS, there was no positive correlation
between the viral load in the blood with the detection of DCH
DNA in the AS specimens. This result might represent the real
number of detections in the specimens, which was very low,
and/or could be due to the limited number of samples. As
for the association between DCH viral load in the blood with
the presence of DCH DNA in NS specimen, no correlation
could be determined due to the lack of sample availability.
Because this is the only study describing DCH DNA detection
in various body fluid specimens other than blood in cats,
broader epidemiological studies are needed to further elucidate
the correlation between the presence of high viral titers in the
blood and the expression of DCH DNA in other body fluids
in cats.

In addition, this study revealed that four out of five
cats included in the longitudinal study remained positive for
DCH DNA detection in the blood for the whole timeline of
sample collection, ranging from 1 to 4 months. Longitudinal
detection of DCH DNA in the blood was also documented
in a previous study by Capozza et al., who detected DCH
DNA in the blood of a DCH-positive cat for as long as 11
months (16). HBV DNA detection in serum implies some clinical
importance in humans, including the diagnosis of reactivity
in chronic infection, as well as an independent risk predictor
of HCC development when coupled with the observation of
alanine aminotransferase and aspartate aminotransferase (28,
29).

Finally, the phylogenetic analysis in this study revealed that
all complete genome sequences obtained from blood, OS, and
RS specimens showed a high percentage of identity among
themselves. Moreover, there was no significant genomic distance
between the complete genome sequences obtained from cases
where DCH DNA was present only in the blood, compared
with cases with DCH detection in blood and other routes.
This result suggests that genomic diversity would not likely
play a role in the DCH DNA positivity in other body fluid
specimens. The result in this study supports a previous result
where HBV DNA was detected in saliva and nasopharyngeal
swabs of children with chronic infection, but an HBV genotypic
difference was not presented in these patients (24). Although
different HBV genotypes promote different disease progression,
they are unlikely to affect the expression of viral DNA in the body
fluid specimens (30).

In conclusion, this study revealed the detection of DCH DNA
in various body fluid specimens of cats, including the blood,
AS, NS, OS, and RS. The risk of cats expressing DCH DNA in
the OS and RS was significantly higher when the DCH DNA
level presented in the blood was >7 LC/mL. The relatively high
level of DCH DNA in various specimens in addition to the
blood might represent true expression of the viral DNA or the
presence of blood due to trauma during or prior to sample
collection. However, in accordance with the direct correlation
between the DNA level in the specimens and transmissibility
potential, the infectious risk from various specimens, if any, cannot
be neglected. The detection of DCH DNA in broader routes was
not associated with any genomic diversity. To what extent the
expression of DCH DNA in various body fluid specimens of cats
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plays role in horizontal transmission in cat populations warrants
further investigation.
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