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Abstract. Dengue virus (DENV) infection is a major public health problem
worldwide. Dengue clinical manifestations may range from asymptomatic,
to mild symptomatic, and to a life-threatening shock syndrome. In endemic
countries including Thailand blood donations from asymptomatic dengue-
infected persons pose a risk for DENV transmission. We investigated the
prevalence of dengue viremia and dengue immunity among Thai blood
donors (n = 400) from August 2015 to March 2016 using nested RT-PCR and
anti-DENV IgM/IgG capture ELISA. Only one donor was positive for dengue virus
serotype 2 (DENV2) viremia as revealed by RT-quantitative PCR and virus
isolation. After a two-month follow up, the donor did not develop symptoms
related to DENV infection and anti-DENV IgG and IgM levels remained just
above and below cut-off values, respectively and were unchanged from the
day of blood donation. In dengue serological studies, anti-DENV antibody
ELISA was positive for IgG in 246 (61%) and both IgG and IgM in 24 (6%) of
blood donors, respectively. In conclusion, the prevalence of detectable dengue
(DENV2) viremia in blood donors in Bangkok was 0.25% but there still exists
concern in dengue endemic regions of a finite risk of infection from blood
transfusions. Further studies with a larger sample size will be required to
evaluate the cost-benefit of an additional measure to detect dengue viremia
in blood donations in Thailand.
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INTRODUCTION

Dengue virus (DENV) infection is
one of the major public health concerns
as widespread infection is reported
globally in tropical and sub-tropical
regions where mosquito vectors breed,
in particular Aedes spp (WHO, 2020).
Clinical manifestations vary from
asymptomatic or mild clinical
presentation to a life-threatening
severe shock syndrome (Teo et al, 2009).
Several studies suggested DENV could
be transmitted via blood transfusions
from asymptomatic donors (Ranjan et al,
2016; Karim et al, 2017; Tsai et al, 2018;
Kulkarni et al, 2019; Slavov et al, 2019).
However, there are a limited number
of documented cases of symptomatic
DENYV infection transmitted through
blood transfusion, eg in Brazil (Levi et al,
2015), Hong Kong (Chuang et al, 2008),
Puerto Rico (Matos et al, 2016; Stramer
et al,2012) and Singapore (Oh et al, 2015;
Tambyah et al, 2008).

The presence of DENV infection in
donor blood is confirmed by detection
of viremia and by serology. A large
epidemiological study in Brazil revealed
a prevalence of dengue viremia of 0.54%
(87/16,241) in healthy blood donors, but
no evidence of post-transfusion DENV
infection (Busch et al, 2016). A similar
prevalence of dengue viremia in blood
donors (0.3%; 9/2,994) was reported
from Honduras (Linnen et al, 2008), but
very low prevalence of 0.07% (12/16,521
donors) in Puerto Rico (Mohammed et al,
2008), 0.013% (1/8,000 donors) in Taiwan
(Tsai et al, 2018), and none among 5,879
donors in Australia (Linnen et al, 2008).
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Thailand has been a dengue
endemic region since 1958 (Gubler, 2002).
However, to the best of our knowledge,
there has been no investigation in the
country into the prevalence of DENV
in blood donors or its transmission
via blood transfusion. Here, the
prevalence of asymptomatic DENV
infection and seroprevalence among
seemingly healthy blood donors in
Bangkok were determined. The findings
should provide baseline data to assist
in deciding the need to add a DENV
viremia test of donated blood.

MATERIALS AND METHODS

Study population

Healthy volunteers (n = 400) were
recruited from an equal number of
routine blood donors at Siriraj Hospital,
Mahidol University and the National
Blood Centre, Thai Red Cross Society
(NBC), Bangkok from August 2015 to
March 2016. A binary randomization
sequence was computer-generated to
determine which donor, with respect
to order of visit, would be invited to
participate in the study. Every week,
participants (n = 10) per study site
were enrolled. All donors were selected
based on Thailand national blood donor
selection criteria, which followed WHO
guidelines on assessing donor suitability
for blood donation (WHO, 2012).

The study protocol was approved
by the Siriraj Institutional Review Board
(Approval No. Si 338/2015) and the
Thai Red Cross Society Review board
(Approval No. NBC 1/2015) in
accordance with the Declaration of
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Helsinki. Prior written informed consent
was provided by each participant.

DENYV detection and serotyping
by nested RT-PCR

A three ml aliquot of blood was
collected in an EDTA tube (Vacuette,
Greiner Bio-One GmbH, Kremsmdiinster,
Austria) and plasma and buffy coat were
stored at -70°C until use. RNA was
extracted from a 150 ul aliquot of plasma
or buffy coat using a TRIzol extraction
reagent (Ambion, Life Technologies,
Carlsbad, CA). RNA was precipitated
with isopropanol containing 1 ug/ul
carrier RNA (QIAGEN, Hilden,
Germany), suspended in 50 ul of
nuclease-free water and stored at
-70°C until use. DENV viral RNA was
detected by nested RT-PCR as previously
described (Yenchitsomanus et al, 1996).
In brief, first-strand cDNA synthesis
was performed in a reaction volume of
12 ul containing 5 ul of RNA template,
1X PCR reaction buffer, 4.2-mM MgCl2,
10 U of rRNasin RNase inhibitor,
6 U of reverse transcriptase enzyme
(Promega, Madison, WI), 0.8 mM dNTP
(New England BioLabs, Ipswich, MA)
and 0.8 uM of DENV group-specific
reverse primer (DEUR; 5-GCTGTGT-
CACCCAGAATGGCC-3) at 42°C for
45 minutes. First round of PCR was
performed using DENV-specific outer
primers (DEUR and DEUL; 5-TGGCT-
GGTGCACAGACAATGGTT-3") in
50-pl reaction solution containing 12-ul
of cDNA template, 1X GoTaqFlexi
polymerase buffer, 3-mM MgCl2,
1 U of GoTaqFlexi DNA polymerase
(Promega, Madison, WI), 0.2 mM dNTP
(New England BioLabs, Ipswich, MA),
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0.2 uM of DENV group-specific primers
(DEUR and DEUL), and the following
thermocycling conditions [in a
Bio-Rad thermal cycler T100 (Bio-Rad,
Hercules, CA)]: 95°C for 5 minutes; 35
cycles of 95°C for 30 seconds, 45°C for
30 seconds and 72°C for 30 seconds; with
a final step of 72°C for 5 minutes. In
the second round PCR, DENV-specific
multiplex inner primers (DENV1; D1L/
D1R, DENV2; D2L/D2R, DENV3; D3L/
D3R and DENV4; D4L/D4R primers)
were used in a 25-ul reaction solution
containing 1-ul of first round PCR
template, 1X GoTaqFlexi polymerase
Green buffer, 3-mM MgCl2, 0.5 U
of GoTaqFlexi DNA polymerase
(Promega, Madison, WI), 0.2 mM dNTP
(New England BioLabs, Ipswich,
MA), 0.4 uM of DENV-specific
multiplex inner primers,), and the
following thermocycling conditions:
95°C for 5 minutes; 45 cycles of 95°C
for 30 seconds, 62°C for 30 seconds
and 72°C for 30 seconds; with
a final step of 72°C for 5 minutes.
Amplicons [DENV1 (506 bp), DENV2
(346 bp), DENV3 (196 bp), and DENV4
(143 bp)] were analyzed by 2%
agarose gel-electrophoresis and
Ethidium bromide (Sigma-Aldrich, St
Louis, MO) dye staining.

Dengue IgM and IgG capture ELISA

DENYV IgM or IgG detection was
performed using an in-house capture
ELISA modified from that of Innis et al
(1989). Pooled sera from non-dengue
patients (PND) and convalescent
sera (PCS) were used as negative and
positive controls, respectively. Pooled
sera of known IgG/IgM titers from
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dengue patients were diluted 1:100
and used as a “Weak positive serum”
for the assay. IgG or IgM in donor
plasma (2-ul plasma diluted in 198-ul of
diluent buffer) was bound on ELISA
plates coated with anti-human IgM
or IgG (Dako, Glostrup, Denmark) by
incubating at room temperature for 2
hours. Antibody-antigen complexes
were then detected by addition of
murine monoclonal anti-flavivirus
(4G2) antibody, followed by rabbit

A492nm (teSt) - A492nm (PND)

secondary anti-mouse IgG horseradish
peroxidase-conjugated IgG and
then chromogenic substrate ortho-
phenylenediamine dihydrochloride
(OPD) (Sigma-Aldrich, St Louis, MO).
After incubation at room temperature
for 15 minutes, the reaction was
stopped by adding 2M H,SO, and
Ay9 nm measured using an ELISA
plate reader (Biochrom Anthos 2010;
Cambridge, UK). IgG or IgM units were
calculated using the formula:

x 100

IgM or IgG unit =

Sample is interpreted as positive for
dengue-specific antibody when IgG and
IgM units are >8 and >16 respectively.
Cut-off values were determined based
on IgG and IgM units in plasma samples
of healthy donors (n = 15) that showed
negative neutralizing antibodies by
standard plaque reduction neutralization
test (WHO, 2007).

Verification of DENV-positive
blood donor

Any positive plasma samples from
the nested RT-PCR screening were
verified by six different techniques: (i)
two sets of nested RT-PCR; first, the
serotype-specific primers for envelope
(E) gene following Yenchitsomanus et
al (1996) (outer pair; DEUR-DEUL and
inner pair; D2R-D2L primers) and
second, the in-house specific-primers for
3' UTR region based on the conserved
sequences of all four DENV serotypes
including outer primers (OF 5'-
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A492r1m (Weak pOSitive) - A492nm (PND)

GAGYAARCYRTGCWGCCTGTRGC-3'
and OR5-TCCATTYYTSYGGCGYTCT-
GTGCC-3' where R=A orG S=G or
C,W=AorT and Y = C or T base)
and inner primers (IF 5'-GGTTA-
GAGGAGACCCCTCCC-3' and IR 5'-
GGCGYTCTGTGCCTGGA-3'
where Y = C or T base; (ii) DENV
capsid-specific RT-qPCR SYBR-Green
I assay (Shu et al, 2003); (iii) DENV
serotype-specific RT-qPCR hydrolysis
probe assay (Johnson et al, 2005); (iv)
NS1 ELISA as previously described
(Puttikhunt et al, 2011); (v) viral
genome RT-qPCR assay using two
hydrolysis probes, one specific to a
gene described by Johnson et al (2005)
and the other to the conserved 3' UTR
region of all 4 serotypes using FP
5'-GGTTAGAGGAGACCCCTCCC-3/,
RP 5'-GGCGYTCTGTGCCTGGA-3' and
probe FAM-5'-CAGGATCTCTGGTC-
TYTCCCAGCGT-3'-BHQ where Y = C
or T base (Mairiang et al, 2021); and (vi)
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virus isolation as previously described
(Yamada et al, 2002). For method (vi),
in brief, DENV-positive plasma sample
was inoculated onto monolayers of Baby
hamster kidney (BHK) and C6/36 mos-
quito cell lines (both transformed cell
lines were obtained from the American
Type Culture Collection) for infectious
virion recovery. Culture media and
cells were collected at Day 10 and Day
30 post-inoculation of BHK and C6/36
cells, respectively. DENV in media and
cells were detected using both nested
RT-PCR and RT-qPCR. Amplicons from
a positive sample also were sequenced
(Macrogen, Seoul, Korea) (MW999831,
MZ004433, MZ007506) which was
analyzed using a Clustal Omega Blast
(https://www.ebi.ac.uk/Tools/msa/clus-
talo/) (Madeira et al, 2019) and Bioedit
free alignment software (Hall et al, 1999)
to confirm DENV identity. In addition,
virus culture supernatants were used to
confirm the presence of infectious DENV
through a focus forming assay (FFA) as
previously described (Punyadee et al,
2015).

Limit of detection (LOD) of
nested-RT-PCR with serotype-specific
primers, capsid RT-qPCR SYBR Green
I and RT-qPCR hydrolysis probe
assay was 2, 10 and 2.5 focus forming
units (ffu)/ml virus titer, respectively.
In viral genome quantification assay,
limit of quantification (LOQ) of DENV2
Envelope gene-specific RT-qPCR
hydrolysis and RT-qPCR 3" UTR
hydrolysis probes were 700 genome
copies/ml, based on detection efficiency
for in vitro transcribed RNA standards.
In NS1 ELISA, the LOD was 1 ng/ml.
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RESULTS

Asymptomatic dengue viremia in Thai
blood donors

Four hundred healthy blood donors
were enrolled in this study. The donors’
age ranged from 19 to 64 years (mean
37 years) (Table 1). There were 213 male
and 187 female blood donors. Among 400
blood donors, 330 (82.5%) were repeat
donors who had donated blood at least
once before donation at enrollment.

Nested RT-PCR screening was
positive in one blood donor and identified
as positive for DENV2 infection
(Fig 1A). The donor, a 41-year-old male,
was contacted and monitored for signs
and symptoms compatible with dengue
fever or dengue hemorrhagic fever at
intervals of one week, two weeks and
two months after blood donation, but
presented with no such signs or
symptoms. However, several cases of
acute DENV infection were reported in
this donor’s neighborhood at the time of
donation (data not shown).

Confirmation for DENV2 in
citrate-dextrose blood of the donor
obtained one week after the original
blood donation was conducted on a
plasma sample by a nested RT-PCR
assay using in-house specific-primers
targeting DENV 3' UTR region (Fig
1B), and the specific-primers targeting
DENV2 Envelope (E) gene in buffy
coat (Fig 1C) and plasma (Fig 1D).
However, negative results were obtained
with the plasma sample using capsid
RT-qPCR SYBR Green I, serotype-specific
DENV2E gene RT-qPCR hydrolysis probe
assays, but a positive result using
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Table 1

Demographic profile of blood donor participants recruited at Siriraj Hospital,
Mahidol University and the National Blood Centre, Thai Red Cross Society,
Bangkok, Thailand (August 2015 to March 2016)

Parameter le;n ]:3 ngg)f)*
Mean age, years, (range) 37 (19-74)
Gender
Male 213 (56)
Female 187 (44)
Donation status
First-time donor 70 (18)
Repeat donor 330 (82)

*unless specified

RT-qPCR in-house 3' UTR hydrolysis
probe assay (although RNA amount
could not be quantified) (data not shown).

In view of the contradictory RT-PCR
results, the presence of DENV2 in donor
blood was confirmed by inoculating
plasma obtained on the day of blood
donation onto monolayers of BHK
and C6/36 cells. On Day 10 and Day
30 post-inoculation of BHK and C6/36
cells respectively, DENV2 E gene and
E mRNA 3' UTR were detected using
RT-PCR in both cell lines (Figs 2A and B),
but DENV2 E gene was not detected
in both cell line culture media (Fig
2C). Partial DENV2 E gene fragment
(300 bp) amplified from donor plasma
sample and infected cell lines were
sequenced and compared using Multiple
Alignment Clustal Omega Blast and
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Bioedit alignment software packages
with DENV2 reference strain sequences
and those from Thailand present in
Genbank database, revealing blood donor
DENV2 E gene fragment with 91-98%
identity with DENV2 reference strains
and 92-100% identity with 96 DENV2
sequences from Thailand (1995-2019).

NS1 ELISA and FFA results were
negative (data not shown). However,
based on the overall results, it was
estimated that asymptomatic dengue
(DENV2) viremia among the blood
donors was 0.25% (95% confidence
interval (CI): 0.01-1.61)).

Dengue seroprevalence in Thai
blood donors

The same set of plasma samples as
well as plasma collected at Week 1, Week
2 and Month 2 post-blood donation from
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DENV2-positive donor were subjected to
anti-DENV IgG and IgM capture ELISA,
resulting in border-line anti-DENV IgG
positivity (9-11 units; cut-off value >8
units) and negligible anti-DENV IgM
positivity (0-4 units; cut-off value >16
units). Seroprevalence of anti-dengue
IgG/IgM in blood donors (n = 400)
recruited in the study were also assessed,
demonstrating median (interquartile
range (IQR): 25-75%) unit of anti-
dengue IgG and IgM was 17.0
(5.71-34.27) and 1.68 (1.00-5.05)
respectively, with 246 (61%) and 24 (6%)
donors having higher than cut-off units
of anti-dengue IgG and IgM were 26.94
(17.00-46.71) and 23.82 (18.55-38.13)
respectively, ie a 67% seroprevalence of
anti-DENV antibodies in blood donors
in the Bangkok from August 2015 to
March 2016.

DISCUSSION

Thailand is a dengue endemic
country, and the majority of DENV
infections are asymptomatic (Duong et
al, 2015). Therefore, the risk of DENV
transmission through blood transfusion
is expected to be substantial. In addition,
transfusion-transmitted severe
dengue cases have been documented in
Singapore (Tambyah et al, 2008). The
present study found that blood donors
with asymptomatic dengue viremia were
uncommon (0.25%). Blood donors were
recruited in Bangkok between August
2015 and March 2016, when the country’s
dengue infection rate was at its peak and
declining, but the study still covered
a major period of the nation’s dengue
outbreak (Fig 3).
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The single dengue infected donor
was positive for DENV2, the serotype
found in 17% of dengue hemorrhagic
fever patients in Bangkok during the
outbreak season between 2015 and
2016 (Liulak et al, 2017). Dengue NS1
antigen and anti-DENV IgM antibodies
were not detected in this donor during
two months of follow-up. However, a
blood sample from the donor collected
one week after the blood donation was
still positive for DENV2 detected using
an RT-PCR assay of DENV2 E mRNA
3' UTR. This might reflect the presence
of viral genome fragments as detection
by an in-house 3’ UTR hydrolysis probe
was positive while detection of E gene
was negative. Previously, Li et al (2011)
reported the existence of short fragments
of DENV RNA (regulatory elements at
the 3’ and 5" ends of the genome) in sera
of dengue patients. More recently, Tsai
et al (2018) identified one individual
among 8,000 Taiwanese blood
donors with DENV using RT-qPCR. This
individual was infected with DENV2 as
determined by both virus isolation in
C6/36 cells and virus genome sequencing
but serology assays were negative for
both NS1 antigen and DENV-specific
antibodies. Titer of isolated virus was
extremely low [<50 plaque forming units
(pfu)/ml] similar to our study in which
virus genome was found specifically
in cells but not in culture media. Blood
components of this Taiwanese
donor were distributed prior to dengue
detection and the Taiwan Centers
for Disease Control reported no
recipients developed signs and symptoms
associated with DENV infection up to
seven months.
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Fig 3 - Number of dengue cases in Thailand (2015-2016)

Data were obtained from the Department of Disease Control, Ministry of Public Health

(http://odpc3.ddc.moph.go.th/login/sys/content/showmem/jul_show.php). Vertical dash

lines demarcate the period during which blood donors were recruited for our study.

The prevalence of asymptomatic
DEN V-infected blood donors varies from
country to country. Among 200 blood
donors in India (Ranjan et al, 2016), 1,685
donors in Guanxi, China (Gao et al, 2018)
and 5,879 donors in Australia (Linnen
et al, 2008), no donor showed dengue
viremia, but DENV-infected blood
donors were identified in three studies
in Brazil [3/2,858 donors reported by
Linnen et al (2008), 2/500 donors by
Dias et al (2012) and 87/16,241 donors
by Busch et al (2016)], in Guangzhou,
China (2/3,000 donors) (Zeng et al, 2018),
in Honduras (9/2,994 donors) (Linnen
et al, 2008), in Saudi Arabia (50/910
donors) (Ashshi et al, 2017), and in
Taiwan (1 of 8,000 donors) (Tsai et al, 2018).
These variations could be attributed to
differences in dengue prevalence at
the time and location of each study as
well as the sensitivity of the detection
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technique and whether pooled or
individual sample were used.

In the present study, both anti-
dengue IgG and IgM were detected in
6% of the donors (24 of 400 donors),
among whom 12% (3 of 24 donors)
had high anti-DENV IgM levels (>50
units). The presence of anti-DENV IgM
indicates an infection within the previous
three months (WHO, 2011), but detailed
interviews of donors” medical history
revealed no signs or symptoms related to
dengue infection during the two weeks
prior to blood donation, suggesting
that the infection was asymptomatic.
The majority of blood donors (67%)
were found anti-DENV IgG positive,
indicative of past infection.
Vongpunsawad et al (2017) reported
79.2% seroprevalence in four different
provinces of Thailand in 2014,
comparable with those in dengue
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endemic countries, including Brazil,
Malaysia and Singapore. The prevalence
of anti-DENV IgM and IgG in Brazil
is 2.8-8.8 and 88.7-90.9%, respectively
(Busch et al, 2016), in Malaysia, 4.2 and
39.12%, respectively, with 2.8% of the
study population positive for both IgG
and IgM (Harif et al, 2014), in Singapore,
2.83 and 52.0%, respectively (Low et
al, 2015), and in Taiwan, 0.21 and 13%,
respectively, with 0.16% prevalence
for both anti-DENV IgM and IgG (Tsai
et al, 2018); however, in non-endemic
countries, such as China, prevalence is
0.007-0.36 and 0.42-3.4%, respectively
(Gao et al, 2018).

In summary, the findings
demonstrate a small but significant
proportion of recent asymptomatic
dengue infection among healthy
blood donors in Bangkok as the study
took place during a waning period of
dengue outbreaks in the country. Further
studies with a larger sample size will
be required to assess the cost-benefit of
implementing additional measures for
screening blood donations to prevent
possible blood transfusion-transmitted
dengue in Thailand.
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