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Abstract
Dengue is an arboviruses due to single-stranded 

enveloped ribonucleic acid viruses, named dengue viruses 
(DENV), that include four serotypes and are mainly 
transmitted via  the bite of mosquitoes of the genus Aedes 
(A. aegypti  and A. albopictus ). The distribution of the 
disease was historically limited to intertropical areas; 
however, during the last thirty years, the perimeter 
of the disease extended considerably and temperate 
areas are now at risk of outbreaks. The present global 
burden of dengue is considerable: 2.5 billion people 
over more than 100 countries are concerned; 50 to 100 
million infections occur every year, with a number of 
fatal cases of approximately 20000. Although frequently 
asymptomatic or limited to a mild fever, dengue is 
responsible for severe cases mainly consecutive to the 
occurrence of hemorrhagic complications that can lead 
to shock and death, notably in children from poor-
resource settings. The place of DENV as a transfusion-
transmitted pathogen has been recognized only in 2008. 
At the present time, only five cases of transfusion-
transmitted dengue, including one case of dengue 
hemorrhagic fever, have been formerly documented. 
This review provides a general overview of dengue, 
its viruses and their vectors. It replaces the disease 
in the context of other viral diseases transmitted by 
arthropods. It discusses the threat of dengue on the 
supply of blood products in endemic and non endemic 
areas. Finally, it describes the specific and non specific 
measures available for improving the security of 
blood products with regards to this emerging risk. 
Interestingly, in 2009, the American Association of 
Blood Banks placed DENV in the highest category of 
emerging infectious agents for their potential impact on 
transfusion recipient safety for the next years in North 
America.
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Core tip: The place of dengue viruses as transfusion-
transmitted pathogens has been recognized only in 
2008. By now, only five cases of transfusion-transmitted 
dengue, including one case of dengue haemorrhagic 
fever, have been formerly documented. This review 
provides a general overview of dengue, its viruses and 
their vectors. It replaces the disease in the context 
of other viral diseases transmitted by arthropods. It 
discusses the threat of dengue on the supply of blood 
products in endemic and non-endemic areas. Finally, 
it describes the specific and non-specific measures 
available for improving the security of blood products 
concerning this emerging risk.

Pozzetto B, Memmi M, Garraud O. Is transfusion-transmitted 
dengue fever a potential public health threat? World J Virol 
2015; 4(2): 113-123  Available from: URL: http://www.
wjgnet.com/2220-3249/full/v4/i2/113.htm  DOI: http://dx.doi.
org/10.5501/wjv.v4.i2.113

INTRODUCTION
Dengue is an arboviruses mainly transmitted by 
mosquito bite that constitutes a major public health 
concern: two-fifths of the world’s population, mainly 
located in the intertropical regions, are exposed to 
the risk of infection. According to the World Health 
Organization (WHO), an estimated 500000 people with 
severe dengue require hospitalization each year, a large 
proportion of whom are children; about 2.5% of those 
affected die[1]. Despite the large distribution of this “old” 
infection and the fact that the virus can be present for 
about one week in the blood of infected patients, the 
risk of dengue as a transfusion-transmitted disease 
emerged very recently (first publications in 2008). 
An attempt to explain this paradox is proposed later 
in this review. After a few recalls concerning dengue, 
its viruses and their vectors, the disease is replaced 
in the larger context of arboviruses associated to a 
demonstrated or possible risk of transmission via blood 
products. The third part of the manuscript intends to 
answer the question formulated in the title of the paper: 
“Is transfusion-transmitted dengue fever a potential 
public health threat?” The last part of the study 
describes the measures available for reducing this risk.

RECALLS ON DENGUE, ITS VIRUSES 
AND THEIR VECTORS
Dengue viruses
Dengue viruses (DENV) are single-stranded ribonucleic 
acid (RNA) viruses, 40 to 60 nm in size, belonging 
to the Flaviviridae family (Table 1) and exhibiting 
an icosahedral capsid and a lipid envelope. The viral 
genome codes for ten viral proteins: three structural 

(core, membrane-associated and envelope) and seven 
non structural ones. The envelope protein is responsible 
for the specific recognition of host cells and for the 
development of protective neutralizing antibodies. 
Non structural proteins have been associated with the 
pathogenesis of severe forms of the disease. Dengue 
viruses include four serotypes entitled DEN-1, DEN-2, 
DEN-3 and DEN-4. The infection by one serotype confers 
a strong protection against the corresponding serotype 
but only a partial immunity against the three other 
ones, which explains that an individual can be infected 
several times during life by DENV. It is worthwhile to 
note that a fifth dengue serotype has been identified on 
virus samples that were collected during an outbreak 
in Malaysia in 2007[2]. More data are awaited about the 
epidemiological significance of this observation.

Vectors of DENV
The main vectors of DENV are mosquitoes of the Aedes 
genus (also called Stegomya). 

The most common vector of dengue viruses is Aedes 
aegypti whose distribution is very large in intertropical 
regions of the world (Figure 1). In the Americas, 
discontinuation of Aedes aegypti control efforts in the 
mid-20th century has led to a resurgence of dengue 
throughout South and Central America, resulting in 
hundreds of thousands of dengue cases in these areas. 
In October 2012, an outbreak of DEN-1 infection was 
documented for the first time in the Portuguese island 
of Madeira[3]; the viral strain was shown to be very close 
to a virus strain originated from Venezuela[4].

Aedes albopictus (the tiger mosquito) is also involved 
in dengue outbreaks or isolated cases, notably in 
temperate regions as Europe where the mosquito is able 
to survive in cooler environment and expended very 
quickly (Figure 1) from Asia following the international 
trade in used tyres and other goods such as lucky 
bamboo. In 2010, an autochthonous outbreak of dengue 
was documented in Croatia[5] and two sporadic cases 
were identified in Nice city in the South-East of France[6].

A third species, Aedes polynesiensis, has been 
involved in rare cases. Aedes mosquitoes are highly 
domesticated mosquitoes that are able to grow in 
urban environment, notably in human-made containers 
filed with stagnant water (e.g., water storage tanks, 
subterranean pits, flowerpot trays). Interestingly, 
when both viruses are present in the same area, 
Aedes albopictus is able to displace Aedes aegypti from 
competing environment, which would facilitate the 
dissemination of DENV into temperate regions that are 
refractory to colonization by Aedes aegypti[7].

Routes of transmission of DENV
Dengue is mainly a mosquito-borne infectious disease. 
Besides the sylvatic reservoir that involves not human 
primates with occasional contamination of humans, 
the human cases are mostly related to the urban or 
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peri-urban cycle where human beings are the main 
amplifying host for DENV (Figure 2). Female mosquitoes 
get infected by biting infected humans during their 
viremic phase; after 7 to 14 d of incubation, the 
mosquito is able to transmit the virus via blood feeding. 
Besides mosquito biting, DENV may be accidentally 
acquired after vertical transmission, especially in near-
term pregnant women through the placenta[8], via the 
organ transplantation process[9,10], after needle-stick 
injury[11] and, as evidenced below, after transfusion of 
blood products.

Clinical presentation 
The infection occurs after an incubation period of 3-14 
d (average 3-7 d). Approximately 75% of all DENV 
infections are asymptomatic, notably in adults. The 
common symptomatic infection, which appears as a 
mild febrile illness associated or not with more evocative 
symptoms, represent approximately 20% of DENV 
infections. In endemic areas, about 5% of all acute 
febrile illnesses can be related to DENV[12]. Severe forms 
may represent up to 5% of symptomatic infections; 
they are more frequent at the two extremes of life (very 
young children and elderly) and in patients with diabetes 
mellitus, hypertension and renal insufficiency[13]. 
As shown in Figure 3, the classification of dengue 
presentations evolved through time[14]. According to the 
WHO classifications of 1975 and 1997, symptomatic 
dengue was divided in undifferentiated fever, dengue 
fever (DF) and dengue hemorrhagic fever (DHF) ranging 
from mild hemorrhagic symptoms (grade Ⅰ) to dengue 
shock syndrome (DSS) (grades Ⅲ and Ⅳ). In 2009, 
WHO proposed a new simplified classification in two 
presentations: dengue (without or with warning signs) 
and severe dengue (Figure 3). The latter classification 

is more adapted to clinical evaluations in primary care 
or resource-limited settings; however, it does not 
differentiate hemorrhagic forms from other severe 
presentations. A trend to capillary fragility together 
with the risk of thrombocytopenia is common features 
of all dengue cases, even those without hemorrhagic 
complications. It can be searched for by the tourniquet 
test that consists in applying and inflating a blood 
pressure cuff to the midpoint between the systolic and 
diastolic blood pressures for five minutes. The test is 
positive if more than 10 to 20 petechiae per square inch 
develop.

Pathophysiology 
From a pathophysiological point of view, many aspects 
of disease remain unsolved (for a review, see[15]). The 
fist targets of DENV after mosquito bite seems to be 
Langerhans cells, dermal cells and interstitial dendritic 
cells, but many other cells can replicate the virus, 
including hepatocytes, lymphocytes, endothelial cells, 
neuronal cells and muscle satellite cells[16]. Dendritic 
cell-specific intercellular adhesion molecule-3-grabbing 
non-integrin (DC-SIGN)[17] and the mannose receptor 
(CD206)[18] have been described as potential host 
receptors for virus entry. As for other flaviviruses, both 
signal transducer and activator of transcription 1 and 2 
possess the ability to independently limit the severity of 
DENV pathogenesis. When these signalling pathways 
are inactivated, notably within the hepatosplenic 
compartment, the deregulation of cell-mediated 
immunity may lead to the activation of CD4+ and 
CD8+ T cells, which results in a “cytokine/chemokine 
storm” that plays an important role in the vascular 
permeability leading to leakage of plasma into the 
extravascular compartment seen in DHF. The resulting 
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Dengue virus West Nile virus Saint-Louis 
encephalitis virus 

Tick-borne 
encephalitis virus

Chikungunya virus Colorado tick 
fever virus

Family Flaviviridae Flaviviridae Flaviviridae Flaviviridae Togaviridae Reoviridae
Virus characteristics
  Nucleic acid
  Envelope

ssRNA
Yes

ssRNA
Yes

ssRNA
Yes

ssRNA
Yes

ssRNA
Yes

dsRNA
No

Vectors Mosquitoes
(Aedes aegypti and 
Aedes albopictus)

Mosquitoes
 (genus Culex but also 

Aedes albopictus)

Mosquitoes
 (genus Culex)

Ticks
(genus Ixodes)

Mosquitoes
 (Aedes aegypti,

Aedes albopictus)

Ticks
(Dermacentor 

andersoni)
Usual vertebrate hosts Humans Birds Birds Rodents Humans, primates Humans
Geographical distribution World  (mainly 

intertropical regions)
Asia, Africa, Europe, 

Americas
Americas Europe, Asia Africa, Asia, West 

Pacific, Europe,
Western USA 
and Canada

Clinical features
  Incubation period in days 2-14 2-14 4-21 7-14 1-12 3-6
  Asymptomatic forms 75% 80% > 99% 80% 15% low%
  Clinical manifestations DF-DHF-DSS Fever-

encephalitis
Fever-

encephalitis
Fever-

encephalitis
Fever-

joint pains
Fever-

encephalitis
Vaccine Phase Ⅲ trials No No Yes No No
Demonstrated transfusion-
transmitted cases

Yes Yes (high number) No Yes No Yes

Table 1  Main arboviruses exhibiting a potential or demonstrated transfusion-associated risk

ssRNA: Single-stranded RNA; dsRNA: Double-stranded RNA; DF: Dengue fever; DHF: Dengue hemorrhagic fever; DSS: Dengue shock syndrome; CHIKV: 
Chikungunya virus.
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Figure 1  Overall distribution of dengue cases (endemic or epidemic) worldwide (A) and perimeter of expansion of the two main vectors of dengue 
viruses, Aedes aegypti (B) and Aedes albopictus (C). 

A

B

C



hemoconcentration and decreased blood pressure may 
result in DSS.

More severe infections are known to occur after 
secondary infection than after primary infection. It has 
been suggested that facilitating antibodies against the 
envelope glycoprotein[19] and the “original antibody sin” 
theory[20] are involved in this observation.

Laboratory diagnosis
The virological diagnosis of dengue is required in case 
of severe infection and for confirming an outbreak. 
Different tools of direct diagnosis including cell culture, 
antigen detection and nucleic acid technologies (NAT), 
and of indirect diagnosis (serological tests) are available 
for documenting a recent infection. 

Virus isolation from blood or tissues is possible 
by inoculation to mosquitoes or cell culture but these 
techniques are fastidious and limited to specialised 
laboratories. 

In contrast, serological tests are very useful because 
they are relatively simple to implement, even in the 
absence of a laboratory of virology. They consists in 
microplate immunoassays that can measure IgM-
specific antibodies, positive as soon as 4-5 d after the 
beginning of symptoms and lasting for up to 6 mo[21] 
(with a peak at week 2), and IgG-specific antibodies 
that become positive a few days after IgM and are 

a long-lasting marker of past infection. In patients 
infected at any time by other flaviviruses, which is 
relatively common in endemic areas, cross-reactive 
antibodies may interact with dengue serology and lead 
to false-positive results. The measure of neutralizing 
antibodies on a late serum specimen, a technique that 
requires cell culture within a specialised laboratory, may 
be useful to distinguish specific from unspecific IgM 
response. 

An antigen test detecting the DENV NS1 protein in 
blood by immunoassay is now available. It is positive 
during the first 5 d following the initial symptoms. 
The sensitivity of the test is optimal during primary 
infection[22]. A negative test does not exclude the 
diagnosis in case of secondary infection[23,24].

The detection of DENV genome in blood or 
tissues by NAT has become the gold standard for the 
diagnosis of recent infection. It is positive within the 
first 5 d of disease. NAT tests are very sensitive and 
specific. Different molecular technologies are used for 
the diagnosis of DENV infection, including realtime 
polymerase chain reaction (RT-PCR), transcription-
mediated amplification (TMA) and other isothermal 
amplification assays. The choice of primers may apply 
either on highly conserved parts of RNA genome within 
the 4 serotypes or on a combination of sequences 
specific of each of the 4 serotypes. 
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Endemic urban cycle

Enzootic
sylvatic
cycle Zone of

emergence
(rural cycle)

Figure 2  Simplified representation of the sylvatic and urban/peri-urban cycles of dengue that models the natural spread of dengue viruses through bites 
by infected mosquitoes.



Prevention 
At the individual level, the vaccinal approach is certainly 
the more suitable way to control dengue durably. The 
existence of at least four serotypes that are sufficiently 
antigenically different necessitates the use of four 
monovalent vaccines. However, as mentioned above, 
there is safety concern about a possible increase of virus 
infectivity via antibody dependent enhancement when a 
vaccinated subject is exposed to a wild virus. Although 
no vaccine against dengue is presently available, 
several approaches have been proposed for controlling 
the spread of disease (for review, see[25,26]). The most 
advanced solution is a live-attenuated tetravalent 
vaccine based on chimeric yellow fever dengue virus 
that is produced by Sanofi and could be commercially-
available before the end of this year.

At the vector level, the eradication of susceptible 
mosquitoes is the more effective way to contain the 
epidemic. However, the large use of insecticides has 
shown its limits in terms of toxicity for the environment 
together with the rapid development of cross-

resistances. A vector control program has been launched 
by the WHO[27]. It is based on actions combining the 
elimination of containers harbouring larval and adult 
mosquitoes (plastic cups, broken bottles, used tyres, 
flowerpots), the use of insect repellents, mosquito traps 
and mosquito net in the home. Future strategies are in 
progress to modify the vectors by biological interventions 
including transgenic mosquitoes or their infection by 
the intracellular bacterium Wolbachia that reduces the 
replication of arboviruses in susceptible vectors[28,29]. 

Curative treatment 
The curative treatment is mainly symptomatic. No 
antiviral drug has yet demonstrated any effect against 
DENV. DF resolves spontaneously within a few days; 
analgesics containing ibuprofen and aspirin must be 
avoided to prevent hemorrhagic complications. Cases 
of DHF must be hospitalised; with replacement of fluid 
leakage and intensive monitoring; the mortality can be 
reduced under 1% when adequate cares are given but 
may reach up to 20% in case of poor medical intake. 
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Figure 3  Successive classifications of dengue clinical presentations according to the World Health Organisation definitions. WHO: World Health 
Organisation. AST: Aspartate transaminase; ALT: Alanine transaminase.

Symptomatic dengue fever
(WHO criteria 1975 and 1997)

Symptomatic dengue fever
(WHO criteria 2009)

Undifferentiated
fever

Dengue
fever

Dengue
hemorrhagic

fever

Fever with 2 of the 
following:
Headache
Arthralgia
Retro-orbital pain
Rash
Myalgia
Hemorrhagic 
manifestations
Leukopenia
and
Supportive serology
or
Occurence at the 
same location
and time as other 
confirmed 
dengue cases

All 4 components
must be met:
Fever
Hemorrhagic manifestations
Thrombocytopenia
Evidence of plasma leakage

Grading severity of DHF:
Grade Ⅰ: fever accompanied 

by nonspecific constitutional 
symptoms; the only 
haemorrhagic manifestation 
is a positive tourniquet test 
and/or easy bruising
Grade Ⅱ: spontaneous 

bleeding in addition to the 
manifestations of grade I 
patients, usually in the form of 
skin or other hemorrhages
Grade Ⅲ: circulatory failure 

manifested by a rapid, weak 
pulse and narrowing of pulse 
pressure or hypotension, with 
the presence of cold, clammy 
skin and restlessness
Grade Ⅳ: profound shock with 

undetectable blood pressure 
or pulse

Dengue -/+ 
warning signs

Warning signs
(requiring strict 

observation
and medical 
intervention)

Severe 
dengue

Probable dengue
Live in/travel to dengue 
endemic area
Fever and 2 of the 
following:
Nausea, vomiting
Rash
Aches and pains
Tourniquet test positive
Any warning sign
and
Supportive serology
or
Occurence at the same 
location 
and time as other 
confirmed 
dengue cases

Abdominal pain and 
tenderness
Persistent vomiting
Clinical fluid 
accumulation
Mucosal bleed
Lethargy, 
restlessness
Liver enlargment > 
2 cm
Laboratory: increase 
in hematocrit 
concurrent with 
rapid decrease in 
platelet count

Any of the 
followings:
Severe plasma 
leakage leading to 
shock or respiratory 
distress
Severe bleeding 
as evaluated by 
clinicians
Severe organ 
involvement:
Liver (AST, ALT ≥ 
1000)
Central nervous 
system: impaired 
consciousness
Heart and other 
organs



DSS and severe forms of dengue involving organ failure 
constitute a critical medical issue that needs urgent 
hospitalisation in an emergency unit. 

DENGUE IN THE LARGER CONTEXT OF 
ARBOVIRAL DISEASES ASSOCIATED 
TO A DEMONSTRATED OR POSSIBLE 
RISK OF TRANSMISSION VIA BLOOD 
PRODUCTS
A total of approximately 130 arboviruses are known to 
cause disease in humans. Since they are transmitted 
via arthropod bite, these viruses are present in the 
bloodstream for a few days, which imply an at least 
theoretical risk of transmission via blood products if 
the patients are sampled during the viremic stage. The 
arboviruses known or suspected to be transmitted to 
recipients via blood products are presented in Table 1. 

As reviewed by Petersen et al[30], the emergence 
of West Nile virus (WNV) in New York City in 1999 
ant its rapid dissemination through Northern America 
during the following years is a good illustration of the 
sudden recognition of the role of transfusions in the 
spread of the virus, a fact that had been completely 
occulted before, despite many decades of circulation 
of WNV in the Ancient world. At the early phase of the 
USA outbreak, it was relatively difficult to establish 
a relationship between WNV infection and blood 
products[31,32], mainly due to the limits of contemporary 
diagnostic tools (IgM serology and NAT) that were 
insufficiently sensitive to identify infected donors, even 
retrospectively[30]. Another lesson driven from the 
WNV outbreak in USA was the decreased sensitivity of 
NAT when tested on minipools, a measure intended to 
decrease the costs and delay of WNV screening in blood 
donors.

The very successful emergence of Chikungunya virus 
(CHIKV) in the Indian Ocean and notably in the French 
Reunion Island is another illustration of the recent 
recognition of a new transfusion-transmitted risk. Even 
if no positive case was documented by NAT, probably 
for the same reasons as those evoked just before, it 
was modelled that, given a mean duration of 7.5 d for 
viremia and an exposition rate to CHIKV of 38% in 
inhabitants of the island, the prevention measures taken 
(eviction of autochthonous donors for red blood cells 
and systematic treatment of platelets by the Intercept®

technology) had prevented the use of approximately 40 
infected gifts during the whole epidemic period[33].

Concerning arboviral diseases in general, these 
examples illustrate that “planning efforts are hindered 
by the notoriously unpredictable nature of outbreaks 
and that importations of exotic arboviruses are random 
events with uncertain consequences”[30]. The rapid 
extension of dengue suggests that the subsequent 

transfusion transmission risk can be partly anticipated.

EVIDENCE FOR THE TRANSMISSION OF 
DENV BY BLOOD PRODUCTS AND ITS 
IMPACT ON PUBLIC HEALTH
As stated above, the global burden of dengue is 
considerable: according to the WHO, 2.5 billion people 
over more than 100 countries are concerned; 50 to 100 
million infections occur every year, with a number of 
fatal cases of approximately 20000. A recent study[34] 
estimated that these figures could be increased by a 
factor of 3 to 4 to reflect the real load of dengue. 

Despite the fact that dengue is the leading 
arboviruses in the world, there are only three reported 
observations of DENV transmission via blood products 
in the literature. The first report concerned a 76 year-
old woman who received a blood transfusion in 2002 in 
a Hong-Kong hospital following a severe anaemia; two 
days later, she developed low-grade fever that resolved 
spontaneously (she received antibiotics for a suspicion 
of urinary infection). The case was secondarily related to 
dengue because the donor presented a typical dengue 
infection documented by serology. Molecular testing 
performed on the donated blood product was positive 
for DEN-1. Two months after transfusion, the recipient 
exhibited IgM antibodies confirmed by seroneutralisation 
assay. The case was published only six years later[35]. 
The second study, also published in 2008[36], involved 
a cluster of three cases contaminated in Singapore by 
the same donor who developed fever and myalgia after 
blood donation. Two days after transfusion, 2 of the 
3 recipients developed a symptomatic infection that 
resolved spontaneously. The 3 recipients demonstrated 
serological evidence of acute dengue infection. A PCR 
assay performed on blood specimens from the donor 
and the 2 symptomatic recipients was positive for 
DEN-2.

The third observation, published in 2012[37] was 
documented from the outbreak of dengue that occurred 
in Puerto-Rico in 2007. Of 15350 donation samples 
tested retrospectively, 29 were found positive for DENV 
genome by TMA assay. Three of the recipients of these 
contaminated samples could be tested by NAT and one 
of them, who received red blood cells containing 108 
copies/mL DEN-2, was found positive. Three days after 
transfusion, he developed DHF. Both donor and recipient 
were shown to harbour viruses with the same envelope 
sequence. This is the first case of severe dengue 
infection transmitted by blood products.

One may wonder about the gap between the impor
tant role played by dengue in Public Health worldwide 
and the limited number of transfusion-transmitted 
documented cases reported so far. Different arguments 
can be advanced for explaining such a paradox: (1) 
in the absence of documented inquiry between donor 
and recipient, it is often difficult to differentiate infection 
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transmitted by mosquitoes and blood products; (2) the 
disease is frequently asymptomatic or mild in donor, 
recipient or both, with spontaneous resolution within a 
few days; (3) most of transfusion-transmitted cases are 
intended to occur in areas where dengue is endemic, 
which contributes to minimize the risk, especially in low-
income countries where the virological documentation 
of dengue cases is not available easily, and, last but not 
least, and (4) most recipients of blood products have been 
already exposed to mosquito-transmitted DENV early in 
their life, which prevents them from being infected again 
via infected blood products. 

In 2009, the American Association of Blood Banks 
stratified in four levels (red, orange, yellow and green) 
the emergent or re-emergent infectious agents that 
could represent a potential threat to transfusion in North 
America for the next years[38]. Besides epidemiological 
considerations and subjective assessment of public 
perception, the following scientific criteria were taken 
into consideration: (1) the agent must be present in 
blood at least for a few hours or days; (2) this blood 
phase must be at least in part asymptomatic for 
allowing the blood donor to pass through the filter of 
clinical selection; (3) the infectious agent must be able 
to induce, at least in some cases, a severe disease; and 
(4) finally, the blood pathogen must resist to inactivation 
by the innate or adaptative immunity of the donor (i.e., 
bacterical power of serum). According to these criteria, 
DENV was classified in the upper red level, together 
with Babesia sp and the human variant of Creutzfeldt-
Jakob disease. These agents were considered as low to 
high scientific/epidemiologic evidence of risk regarding 
blood safety with the potential for severe clinical 
outcomes.

The arguments that pleaded for the upper-level 
classification of DENV with regard to blood safety in 
North America were as follows[38]: (1) the viremia is 
frequently asymptomatic and usually lasts for 2 to 7 d; 
(2) the viral load may be relatively high (from 104 to 108 
copies/mL by NAT) in blood with the four serotypes of 
DENV, as exemplified by retrospective studies conducted 
in blood donors from Honduras, Brazil[39] and Puerto-
Rico[37], with recovery of live virus from PCR-positive 
products in a few cases; (3) the disease can occur as 
important outbreaks; (4) the competent mosquitoes 
have a large distribution in the considered area (here 
United States); (5) the viral infection has a high 
seroprevalence in populations boarding the considered 
area; and (6) infected blood products could be imported 
from epidemic or endemic areas. At the opposite, the 
prevalence of positive samples was relatively low in 
the retrospective studies cited above (0.07% in 16521 
blood gifts from Puerto-Rico[40], 0.30% in 2994 blood 
gifts from Honduras[39] and 0.06% in 4858 blood gifts 
from Brazil[39]). 

The potential threat of dengue to transfusion 
safety is majored by the rapid spread of the disease 
worldwide whose incidence has increased 30-fold in the 

past 50 years[41]. Half of the planet is already exposed 
(Figure 1A) and the distribution of competent vectors 
(Figures 1B and C) is progressing very rapidly, notably 
with the climate changes[42] and the development 
of transcontinental travels. Regions with temperate 
climate as Europe or North America[43] can be the 
target of future outbreaks as illustrated by the recent 
cases observed in Croatia[5], Nice[6] or Florida[44]. In 
non-dengue endemic areas, asymptomatic infection 
is primarily associated with travellers returning 
from dengue-endemic areas. A few years ago, the 
recovery of areas endemic for malaria and dengue 
favoured the selection of blood donors returning from 
these countries. By now, dengue, as well as other 
arbovirosis, constitutes a risk that needs to be taken 
into consideration specifically. 

MEASURES AVAILABLE FOR REDUCING 
THE RISK OF TRANSFUSION-
TRANSMITTED DENGUE
Until a vaccine is widely used for preventing the 
expansion of dengue through the world population, 
it will be necessary to implement measures able to 
reduce the risk of transfusion-transmitted dengue. 
These measures include (1) the clinical selection of 
donors; (2) the implementation of screening tests 
specific for dengue; and (3) the non-specific reduction 
or inactivation of pathogens by the use of physical or 
chemical treatments applied to blood products. Their 
indications may differ in endemic and non-endemic 
areas[45].

Clinical selection of donors
In endemic areas, this measure would consist in 
excluding donors who may be at higher risk of infection. 
Given the fact that the exposition to mosquito bite is 
rather unpredictable, such a measure is not realistic. On 
the other hand, the presence of fever in donors of blood 
products is a general contra-indication of blood gift. 

In non endemic areas, the clinical selection of 
donors consists in excluding travellers returning from 
endemic regions for a period of 4 wk. For instance, the 
latter measure was adapted in Europe towards tourists 
returning from Madeira during the recent 2012-2013 
outbreak. The main limit of this strategy is the need 
for continuous adaptation of these exclusion measures 
to various epidemiological situations, which may lead 
to complicate the work of personnel in charge of this 
selection and to discourage donors from coming again 
for blood gift. 

Screening tests specific for dengue
This strategy is useful in endemic areas or during 
an outbreak. Serology is not adapted for screening 
purpose because the viremia precedes of a few days 
the antibody answer. Only NAT could allow detecting the 
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presence of viral genome in blood from infected donors. 
Such a strategy was applied in the Puerto-Rico outbreak 
in 2005[40] and 2007[37]. During the Madeira outbreak, 
an in-house RT-PCR assay was implemented for 
screening blood products; 43 of 1948 donations tested 
positive for DENV genome (further identified as DEN-1) 
between 9 September 2012 and 11 March 2013[46]. For 
large-scale screening purpose as in blood donors, Gen-
Probe Inc. (San Diego, CA, United States) developed 
a prototype TMA assay using highly conserved 
primers; the analytical sensitivity of the test was of 
approximately 15 copies/mL for each serotype[39]. The 
low levels of viremia in many donors with dengue justify 
the individual testing of blood products, which limit this 
strategy to countries with high-income economy. By 
contrast to West Nile virus, no automated molecular 
screening test is currently commercially available.

In the future, the development of fully automated 
multiplexing assays detecting simultaneously several 
blood-transmitted pathogens in microarray plates or 
using nanotechnology would be very useful for areas 
where multiple infectious agents at risk for blood safety 
may circulate at the same time (i.e., in the Caribbean or 
in South-East Asia)[47].

Non specific reduction or inactivation of pathogens 
Many systems are now available for treating blood 
products in order to inactivate some pathogens (for 
reviews see[38,48-50]). Most of these techniques are able 
to inactivate bacteria and lipid-enveloped viruses as 
DENV. Due to technical purposes, they can be applied to 
plasma, platelets or red blood cells. The main techniques 
that are efficient on DENV are briefly describer 
thereafter.

Some techniques are exclusively dedicated to 
plasma. Solvent-detergent treatment is able to disrupt 
viral envelopes. Dyes containing phenothiazine like 
methylene blue, when activated by visible light, are 
responsible for an oxidation of guanine present in viral 
genomes. Nanofiltration is able to retain viral particles 
whose size is over that of the pores of the nanofilter. 

Other techniques based on photoactivation by 
ultra-violet (UV) rays may be applied to both plasma 
and platelet concentrates. The Intercept® system 
from Cerus Corporation (Concord, CA, United States) 
uses a psoralen derivative, amotosalen, as active 
compound. The Mirasol® system from Terumo BCT 
(Lakewood, CO, United States) use riboflavin (vitamin 
B2) as active compound. The Theraflex UV® system 
from MacoPharma (Tourcoing, France), by combining 
an exposition to UV light and strong shaking, induces 
the formation of cyclobutyl rings. Using those different 
technologies, a small proportion of platelets may be 
lost but the properties of activation, adhesion and 
aggregation of the cells resisting to the treatment are 
sufficiently well conserved to warrant their clinical use. 

For red blood concentrates, some processes are 
in experimentation, including riboflavin (Caridian), 

Inactine® (PEN110 from the Vitex Company, Prestons, 
NSW, Australia) and an alkylating agent, Amustaline, 
from Cerus Corporation, whose activation occurs 
through exposition to acidic pH.

The main advantage of these strategies is the 
inactivation or reduction of a wide range of pathogens, 
including those that are still unidentified. However, 
the benefit-risk of each treatment needs a careful 
evaluation.

Economic considerations
The measures listed above regarding the prevention 
of transfusion-transmitted dengue represent an extra-
cost for the Health system, especially those involving 
screening molecular tests specific for dengue that would 
be dedicated to the transmission of a single pathogen. 
No cost-effectiveness study has already been conducted 
to evaluate the economic burden of the implementation 
of a molecular screening targeting DENV neither in 
endemic or non endemic areas. 

Lessons can be drawn from the experience acquired 
with the systematic screening of blood products for 
the presence of WNV in the United States during the 
epidemic period. Two studies were published on this 
topic in 2005[51] and 2006[52]. They demonstrated 
that the optimal cost-effectiveness strategy for WNV 
screening in blood products depends on different 
factors, including mainly the prevalence of the agent in 
the considered population, but also the ability to pool or 
not the samples before screening (i.e., mean viral load), 
the seasonal period concerned by the screening and the 
consequences for the recipients. Globally, these studies 
demonstrated that targeted donor screening seems to 
be more cost-effective than mass donor screening. 

It is too early to consider whether these conclusions 
regarding WNV in a developed country may be applied 
to DENV in endemic and non endemic area. In dengue 
non endemic countries that correspond mostly to places 
with high living standards, it is likely that the emergence 
of a dengue outbreak will conduct to the set-up of 
a molecular screening, as it was done in Madeira 
recently[46]. In the epidemic of DENV that occurred in 
northern Queensland, Australia, in 2008-2009, the risk 
for a dengue-infectious blood donation was estimated 
as 1 in 7146[53]. Although the temporary exclusion 
of potentially infected donors was chosen to limit 
transfusion-transmitted dengue during these outbreaks, 
the authors raised the question of the better cost-
effectiveness of a strategy involving the use of a suitable 
screening test or of a pathogen reduction technology[53]. 

In dengue-endemic areas, the risk may be higher, as 
shown during the 2005 outbreak in Singapore through 
a mathematical modelling, with an estimated risk for 
a dengue-infectious blood donation of 1 in 1667 to 
6154[54]. The implementation of a screening test would 
be probably cost-effective as compared to the exclusion 
of blood donors but it is likely that neither of these 
two strategies could be implemented in low income 
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countries where the disease is the more prevalent, at 
least in a near future.

CONCLUSION
Dengue provides an excellent model of transfusion-
transmitted disease. Despite the large distribution of the 
disease worldwide, the risk with blood products from 
infected donors was only recognized recently. Except 
for one case of DHF[37], the disease, when transmitted 
by blood, does not seem to be more severe than after 
mosquito bite. However, the area of dengue extended 
considerably during the last 50 years; after having 
been limited to intertropical regions for a long time, 
the disease is now reaching temperate areas because 
of the worldwide distribution of its two main vectors 
(Figure 1) and of the climate change[42]. Considering 
these emerging risks, there is an urgent need for 
mathematical models able to predict the spread of DENV 
and its consequence on the supply of blood products. 
While waiting for an efficient prophylactic vaccine that 
could be able to reduce the burden of the disease, it is 
important to develop efficient measures for securing 
blood products in endemic and non endemic areas. The 
attention paid to DENV as a transfusion-transmitted 
pathogen could help to prevent the emergence of other 
more harmful known or unknown viruses.
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