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Abstract
Background: Transmission of dengue virus (DENV) through blood transfusion has been documented and hence
screening for DENV during blood donation has been recently recommended by the American Association of Blood
Banks and Centres of Disease Control and Prevention. DENV is endemic in the Western province of the Kingdom
of Saudi Arabia (KSA) and serotypes 1, 2 and 3, but not 4, have been detected. However, little is known regarding
the rates of DENV during blood donation in the kingdom. The aim of this study was therefore to measure the
prevalence of dengue virus and its serotypes in eligible Saudi blood donors in the endemic Western region of KSA.
Methods: This was a cross-sectional study and serum samples were collected from 910 eligible Saudi male blood
donors. DENV IgM and IgG antibodies were measured serologically by ELISA while viral serotypes were detected
by a single step IVD CE certified multiplex RT-PCR kit.
Results: The overall prevalence was 39 and 5.5% for IgG+ and IgM+, respectively. There were 12 (1.3%) with exclusively
IgM+, 317 (34.8%) exclusively IgG+ and 38 (4.2%) with dual IgM+/IgG+ donors. The overall prevalence was 3.2% (n = 29)
and 2.3% (n = 21) for primary and secondary infections. PCR was positive in 5.5% (n = 50) and, DENV-2 (n = 24; 48%) was
the most frequent serotype and was significantly higher than DENV-1 (20%; P = 0.02) and DENV-3 (2%; P = 0.1 × 10−5) but
not DENV-4 (30%; P = 0.2). There was no significant difference between both DENV-4 and DENV-1 (P = 0.4).
The combination of the PCR and serology findings showed that 22 (2.4%) and 28 (3.1%) donors had primary
and secondary viremic infections, respectively.
Conclusions: The detected rates of DENV by PCR suggest a potential high risk of viral transmission by blood
transfusion. To the best of our knowledge, this study is the first to report the detection of DENV-4 serotype
in Saudi Arabia. More studies are required to measure the precise prevalence of DENV serotypes and their
potential transmission rate during blood donation in the kingdom.
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Background
Dengue fever is a mosquito-borne viral infection caused
by one of the four serotypes of dengue virus (DENV 1–4)
and the majority of infected cases are asymptomatic or
only report flu-like symptoms even with high viral
load [1, 2]. Nonetheless, each DENV serotypes produces a specific immune reactivity and sequential
infection with different serotypes is therefore believed
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to induce more serious pathologies such as dengue
haemorrhagic fever and dengue shock syndrome [2].
The first outbreak of dengue infection in the Kingdom
of Saudi Arabia (KSA) occurred in Jeddah city in the
Western province during 1994 [3, 4]. The virus has later
spread to other nearby cities, including Makkah, and the
Western region has been declared dengue endemic
following several outbreaks throughout the last decade
[5, 6]. Additionally, the virus and/or its vector have been
found in other new geographical areas of the kingdom
as shown by several recent epidemiological reports
[7–9]. Phylogenetic studies have also shown that
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DENV-1, −2 and −3, but not DENV-4, were circulating
among symptomatic cases [10–13].
The laboratory diagnosis of dengue is challenging and
the results are usually interpreted in light of fever onset in
symptomatic patients [1]. The gold standard diagnostic
tool of acute dengue infection is viral isolation and culturing in vitro, which is time consuming and not feasible in
many clinical laboratories [1, 2]. Therefore, the laboratory
diagnosis of acute dengue is currently performed either
serologically by capturing the viral non-structural protein1 (NS1) or by detecting the virus RNA by RT-PCR [2, 14].
However, NS1-based diagnosis, unlike RT-PCR, lacks the
advantage of viral serotyping [14].
The American Association of Blood Banks and
Centres of Disease Control and Prevention have recently
included dengue among the screening panel of pathogens for blood safety since seven clusters of transfusion
transmitted dengue have been documented from several
endemic countries [15–17]. The virus has also been isolated from the different blood components of acutely
infected asymptomatic donors and has been shown to
survive and replicate, even during storage, in RBCs and
platelets [18–20]. However, screening for dengue during
blood donation is yet not recommended by the health
authorities in KSA even in the endemic regions [21].
Our research team has previously reported in a pilot
study a rate of 5% for NS1 in asymptomatic blood
donors and who were eligible for blood donation [21].
This study was therefore conducted to measure the rates
and serotypes of DENV RNA by an IVD TaqMan multiplex assay and the results were correlated with those of
DENV IgM and IgG antibodies. A better understanding
about the prevalence of DENV and its serotypes among
asymptomatic blood donors in the endemic regions
could help the policy makers in the kingdom to develop
a safer environment for blood transfusion.

Methods
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2015 and August 2016. All participants had no history of
fever in the preceding 3 weeks of donation or any other
sign of dengue infection according to the WHO guidelines
[21]. The donors were also serologically negative for
human immunodeficiency, hepatitis B, and hepatitis C
viruses; and were eligible for blood donation as per to the
policy of the KSA Ministry of Health. Serum was obtained
from each donor following centrifugation of 10 mL of
venous blood that was collected in sterile plain tubes
without anticoagulant. All samples were aliquoted in small
volumes of 500 μl each and stored in −80 °C and −20 °C
until used for PCR and ELISA, respectively.
Enzyme linked immunosorbant assay (ELISA)

ELISA was used for the qualitative detection of IgM and
IgG antibodies against DENV and the used kits (Panbio,
Brisbane, QLD, Australia) are certified for clinical in
vitro diagnosis (IVD CE) and were from the same batch.
All samples and the internal controls provided within
each kit were processed according to the manufacturer’s
instructions on a fully automated ELISA system (Human
Diagnostics, Germany). The sensitivity, specificity, inter
and intra-assay coefficient of variation for each kit as reported by the manufacturer were 97.7, 100, 8.8 and 9.8%
for the IgG kit and, 94.7, 100, 7.8 and 5.6% for the IgM
kit. The cut-off value for each kit was calculated
followed by the calculation of the index values for each
sample as per the manufacturer’s instructions. Samples
were considered positive if their values for IgM and/or
IgG were > (cut-off + 10% cut-off value). The participants
were classified into primary infection or previous
exposure groups according to the solitary detection of
IgM or IgG antibodies, respectively. In the case of
dual positivity for both antibodies, the donors were
categorised as either primary or secondary infection
groups based on the IgM/IgG ratio, where a ratio ≥ 1.2
suggested primary while < 1.2 indicated a secondary
infection [22].

Ethical approval

Ethical approval was obtained from the Faculty of
Applied Medical Sciences Ethics Committee concomitantly with an official governmental approval that was
secured in writing by the Deputy Director of Health of
the Holy Makkah Municipality. All serum samples were
collected following obtaining informed written consent
from all the participants.
Study design

This was a cross-sectional study and a total of 910
apparently healthy and eligible Saudi male blood donors
with age ranging between 25 and 55 years (mean 37.13 ±
7.45 years) were recruited from the blood banks of Hira
General Hospital and The Regional Laboratory, Holy
Makkah, in the Western province of KSA between March

Real-time TaqMan PCR for the detection of DENV serotypes

One step Multiplex TaqMan RT-PCR for the qualitative
detection and differentiation of DENV-1, 2, 3 and 4 was
performed by using the IVD CE certified FTD Dengue
differentiation kit (Fast-track diagnostics, Junglinster,
Luxembourg) on ABI® 7500 platform (Thermo Fisher
Scientific) and according to the manufacturer’s protocol.
As reported by the manufacturer, the kit has a detection
limit of 103 copies/ml for all serotypes except DENV-3,
which could be detected until 102 copies/ml. However,
the kit does not measure the viral load of the candidate
viral serotypes.
The internal control provided by the manufacturer
was brome mosaic virus, which was added at the lysis
buffer stage with each serum sample during the RNA
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extraction process. The extraction of viral RNA from
the collected serum samples was carried-out using
MagMAX™-96 AI/ND Viral RNA Isolation Kit (Thermo
Fisher Scientific, Warrington, UK) according to the manufacturer’s instructions on a MagMAX™ Express Magnetic
Particle Processor (Thermo Fisher Scientific). The quality
and quantity of extracted RNA were measured on the
BioSpec-nano (Shimadzu Corporation, Tokyo, Japan) and
typically had an A260/A280 ratio of 1.7 to 1.9. Extracted
RNA samples were stored at −80 °C until used.
Proper isolation of nucleic acids was assured by the
successful amplification of the internal control, which
also confirmed the absence of PCR inhibitors. An extra
in-house validation protocol was also performed for all
negative samples by spiking them with the provided
positive RNA controls at 4:1 ratio by adding 2 μl of positive controls to 8 μl sample. A detection of a signal
following this step was reassuring that the designated
viral serotypes were not present in the original negative
samples as previously described [23]. The PCR reaction
per well consisted of 12.5 μl mastermix, 1 μl enzyme,
1.5 μl of primers and 10 μl RNA. The amplification was
performed as instructed by the manufacturer. The validation of the results was performed according to the
manufacturer’s guidelines and by using the provided
positive and negative controls within the kit.
The study participants were re-classified following the
integration of serology and PCR results into negative,
viremic 1ry infection, convalescent-phase 1ry infection,
viremic 2ry infection, convalescent-phase 2ry infection
and previous exposure groups according to the criteria
listed in Table 1.
Statistical analysis

Statistical analysis of the results was performed with SPSS
version 16. Categorical variables were compared by Chi
square (χ2) or Fisher’s tests following cross-tabulation and
significance was considered if P was < 0.05.
Table 1 Diagnostic classification of the study participants
according to their DENV serological and PCR results
Group

Laboratory diagnostic criteria

Negative group

Negative by all serological and PCR
tests

Viremic 1ry infection group

Positive PCR ± IgM positive antibodies

Convalescent-phase 1ry
infection group

Either exclusively positive for IgM or
dual positive IgM and IgG antibodies
with an IgM/IgG ratio ≥ 1.2

Viremic 2ry infection group

Simultaneously positive PCR with
positive IgG ± IgM antibodies

Convalescent-phase 2ry infection Negative PCR and dual positive IgM
and IgG antibodies with an
IgM/IgG ratio < 1.2
Previous exposure group

Exclusively positive for IgG antibodies
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Results
Frequency of dengue infection by serology

The overall rates of detecting anti-dengue antibodies was
5.5% (n = 50) by IgM and 39% (n = 355) by IgG. There
were 38 donors with dual positivity for both IgM and IgG
antibodies together with 12 sole IgM and another 317 exclusively IgG positive cases (Fig. 1a). According to the
IgM/IgG ratio of those participants with dual positive
antibodies (n = 38), 17 (44.7%) had primary infection and
the remaining (55.3%) were classified as secondary infection. Equivocal reaction for IgM was detected in 19 subjects (2.1%) and none of the participants showed equivocal
reaction for the IgG antibodies. The overall prevalence
was 3.2% (n = 29) for primary infection and 2.3% (n = 21)
for secondary infection by serology.
Prevalence of DENV serotypes

The multiplex-PCR assay clearly distinguished and identified all four DENV serotypes in the serum samples and
no co-infection was observed between the different
serotypes. Signals were also detected in all wells that
included the provided positive controls with no signal
with the negative controls. Spiked negative serum samples with the provided RNA of DENV serotypes also
showed a positive signal reassuring the observed results
of this study.
Dengue virus was positive by PCR in 5.5% (n = 50)
of the 910 study participants and the most frequent
serotype was DENV-2 (n = 24) and it was significantly
higher than DENV-1 (n = 10; P = 0.02) and DENV-3
(n = 1; P = 0.1 × 10−5) but not DENV-4 (n = 15). Additionally, there was no significant difference between
both DENV-4 and DENV-1 serotypes. The frequencies
of DENV serotypes in relation to the serological
results are summarised in Fig. 1b.
By analysing the frequencies of DENV serotypes in
view of the serological results, DENV-2 was significantly more prevalent than DENV-1 (P = 0.04) and
DENV-3 (P = 0.02) serotypes, but not DENV-4, in
those participants (n = 544) who were serologically
negative for both IgM and IgG antibodies (Fig. 2).
Similarly, the frequencies of DENV-2 were significantly higher than all other serotypes in those donors
who were either only IgG+ or showed dual positivity
for both antibodies, but was not detected in those
donors with exclusive IgM+ (Fig. 2). DENV-4 was not
significantly different from DENV-1 and DENV-3 in all
groups except in the serology negative where it was
significantly higher (P = 0.03) than serotype 3 (Fig. 2).
The integration of the PCR findings with the serological
observations showed that 524 donors (57.6%) were negative by all diagnostic tests, 22 (2.4%) had primary viremic
infection, 28 (3.1%) with secondary viremic infection, 27
(3%) with convalescent primary infection, 12 (1.3%)
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Fig. 1 The prevalence of (a) anti-dengue IgM and IgG antibodies among the 910 study participants and (b) DENV serotypes in the 50 cases
positives by PCR. (* = P < 0.05 compared with DENV-1; ** = P < 0.05 compared with DENV-2 and *** = P < 0.05 compared with DENV-3)
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Fig. 2 The distribution of DENV serotypes in the study participants who were (a) serologically negative by all test, (b) exclusively positive for IgM
antibodies, (c) exclusively positive for IgG antibodies and (d) dual positive for IgM and IgG antibodies

convalescent secondary infection and 297 (32.6%) with a
previous exposure. The frequencies of DENV serotypes in
the primary (n = 22) and secondary (n = 28) viremic infection groups are summarised in Table 2.

Discussion
Herein, the prevalence of dengue virus and its serotypes
was measured by a single step multiplex RT-PCR together
with IgM and IgG antibodies in serum samples for the

diagnosis of asymptomatic acute dengue infection in 910
eligible Saudi blood donors. The results showed a high
rate of previous exposure (32.6%) among the study population in addition to 5.5% frequency of acute dengue infection among blood donors in KSA as shown by the results
of IgG and IgM antibodies, respectively. These observations are in agreement with our previous pilot data that
has demonstrated a similar seroprevalence among blood
donors from the same geographical area [21].

Table 2 Distribution of DENV serotypes among those blood donors diagnosed with primary and secondary viremic infections
DENV Serotypes by PCR
Primary viremic infection
Secondary viremic infection
Total (%)
ND

= not detected
a
= P < 0.05 compared with DENV-1
b
= P < 0.05 compared with DENV-2
c
= P < 0.01 compared with DENV-2
d
= P < 0.05 compared with DENV-3

Total (%)

DENV-1 (%)

DENV-2 (%)

DENV-3 (%)

DENV-4 (%)

4 (8)

8 (16)

1 (2)b

9 (18)d

6 (12)
10 (20)

a

ND (0)

a

a,b

16 (32)

24 (48)

1 (2)

a,c

22 (44)

6 (12)b,d
d

15 (30)

28 (56)
50 (100)
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To the best of our knowledge, this is the first report
on the different DENV serotypes in asymptomatic blood
donners in KSA and the results showed an overall 5.5%
prevalence of dengue by PCR, similar to the results of
anti-dengue IgM antibodies, and the most prevalent
serotype was DENV-2 and the lowest detected was
DENV-3 serotype. These observations are in agreement
with the previously published studies from the kingdom,
where similar rates of dengue viral serotypes −1, −2
and −3 have been continuously observed in the Western
province of the country since the first epidemic in 1994
[3, 12, 24]. Furthermore, the current data suggest that
many of the IgM positive cases (n = 50) were at the convalescence stage of infection since not all individuals were
concomitantly positive by PCR [1, 14].
Interestingly, this study is also the first to report
DENV-4 in KSA and the rate of detecting this serotype
was similar to those of DENV-2, which is the most
prevalent serotype in Jeddah and Makkah cities [4, 6, 10,
12, 25, 26]. Moreover, DENV-4 was the only detected
serotype among those individuals who were exclusively
positive for IgM antibodies. Collectively, these results
suggest the recent introduction of DENV-4 serotype
since the most recent phylogenic study from the same
region, which retrospectively examined all dengue positive samples between 2010 and 2015, has only reported
DENV 1–3 serotypes [11].
A possible explanation for the present findings could
be the high numbers as well as the diversity of travelers
visiting the area each year for pilgrimage and/or the
presence of a large population of immigrant workers from
dengue-endemic countries [12, 27]. In this context, several
studies have shown independent multiple introductions of
DENV-1 (lineage India-2 and lineage Asia-2) and DENV-2
(Cosmopolitan genotype and DENV-2-Jeddah-2014) in
the Western province of the kingdom between the years
1994 and 2014 [10, 11, 25]. Additionally, the most recent
report by the United Nations has estimated that 10 million
migrant workers are living in KSA and many of them
are from India and Pakistan where DENV-4 is endemic
[28–30]. Additionally, there was no significant difference in the present study between the frequencies of
DENV-4 and −1, and the latter has also recently been
isolated for the first time from symptomatic patients in
Makkah city [26]. Coherently, other research groups
have also demonstrated the spread of dengue and its
vector into other regions of the kingdom and in which
they were previously absent [7–9]. Therefore, the
present data support the many previous calls for the
health authorities in KSA to implement a continuous
vigilance program to monitor the circulation of dengue virus together with the urgent needs for more
effective vector control measures, especially during
the pilgrimage season, in order to prevent the
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introduction of new DENV strains and/or elimination
of viral spread [12, 27].
In parallel with the previous findings, the present
study also demonstrated a high rate of a previous exposure among the study participants, which is similar to the
previously reported rates of this viral infection in the
kingdom and reflects on the endemic nature of dengue
in the region [3, 5, 8, 10, 12, 13, 26, 27]. Additionally,
the frequency of viremia, as indicated by the findings of
PCR, was 5.5% in asymptomatic blood donors and the
majority of cases were classified as secondary infection
(56%). This study therefore provides further support to
the notion that blood transfusion could facilitate the
transmission of dengue virus, particularly in endemic
countries [15–19, 21].
In this regards, seven clusters of dengue transmission
through blood transfusion have been previously documented in endemic countries and/or during an outbreak
of dengue infection [15–17, 31, 32]. Additionally, it has
been shown that dengue virus can replicate in RBCs and
platelets together with surviving within these cells during storage in blood banks [18–20]. A transfusion rate of
37.5% has also been estimated by a very recent study
among blood donors in Brazil following an outbreak of
DENV-4 during 2012 [32]. Nevertheless, screening for
dengue acute/viremic infection represent a diagnostic
challenge since it is mainly dependent on the correlation
of NS1 and PCR results with the onset of fever, which is
frequently not reported by the majority of acutely
infected blood donors [8, 9, 13, 23, 25]. Furthermore,
none of the two markers of viremic stage could achieve
individually a 100% sensitivity due to their short life span
in plasma [1, 2, 14, 22].
The present study is in agreement with the previous
reports and provides further evidence regarding the
potential threat of dengue transmission by blood transfusion in endemic regions. In recent years the source of
blood in Saudi blood banks has dramatically shifted from
absolute importation towards local recruitment of
donors from Saudi and migrant populations in the kingdom, who cover almost 90% of the national blood banks
requirements [33, 34]. However, there is no official
report on the annual frequency and amount of blood
donation in KSA but a recent announcement in a local
newspaper reported the collection of 354,633 units by
the Ministry of Health in 2016, among which 63,610
units (18%) were collected from Makkah city [35].
Therefore, more studies are needed to be conducted in
the Western province of KSA to measure the factual
rates of asymptomatically infected blood donors at the
viremic stage in the different cities of endemic regions
within the kingdom in order to develop appropriate
measures for the prevention of dengue transmission
through blood transfusion.

Ashshi Virology Journal (2017) 14:107

There are several limitations to the present study. The
PCR results were not confirmed/complemented by
another diagnostic technique (e.g., NS1 and virus isolation), which could have led to an underestimation in the
rates of asymptomatic viremic donors. Additionally, all
donors in the present study were males since females in
KSA do not donate blood mainly due to social and
cultural barriers [34]. Furthermore, we were not able to
reflect on the viral load among those PCR positive individuals since the used kit does not measure the viral
load, which could had been a reason for the asymptomatic nature of the detected infections. Another limitation
is related to the non-tracing of recipients to measure the
transmission rate through blood transfusion. Finally, the
month/season of sample collection was not given by the
blood banks for the majority of cases and therefore the
research team was not able to identify the peak season
for potential transmission. Hence, more studies are
mandatory and they should measure the frequencies of
acute dengue infection among blood donors together
with recipients by more than one method and to record
the time of donation to accurately reflect the actual
magnitude of possible dengue transmission through
blood donation in this endemic regions of KSA.

Conclusions
The observed high rates of viremic but asymptomatic
blood donors in the endemic Western region of KSA
suggest that the recipients are potentially at risk of
acquiring dengue infection by blood transfusion, which
could be prevented by the inclusion of a screening
program for this viral infection during blood donation.
Additionally, this is the first report on the emergence of
DENV-4 serotype in the kingdom, postulating that the
currently applied measures for the prevention of dengue
infection are not sufficient and require further stringent
methods in order to successfully control/prevent the
spread of this viral infection. Further studies are needed
to measure the factual prevalence of dengue virus and
its transmission rates during blood donation in the
different regions of the kingdom.
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