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INTRODUCTION AND ISSUE 

On October 8, 2010, the Superior Health Council (SHC) received a request for an advisory report 
from the Chief Executive Officer of the Federal Agency for Medicines and Health Products2 on 
the appropriateness of shortening the deferral periods for blood donation after applying pathogen 
reduction technology against the chikungunya and West-Nile viruses to platelet concentrates.  
 
The SHC had already received a request for advice on the usefulness of pathogen reduction 
technology (PRT) as a means to inactivate various pathogens in fresh frozen plasma or in platelet 
concentrates. When carrying out these assessments, the SHC found that there are certain data 
(cf. Caridian, 2010; Cerus, 2010) with which it is possible to demonstrate the efficacy of these 
techniques in reducing the risk of plasma and platelets being contaminated with the West Nile 
(WNV) and chikungunya (CHIKV) viruses. In Belgium, platelet concentrates are subjected to 
pathogen reduction technology during their preparation. For these viruses, pathogen reduction 
technology could turn out to be efficacious enough for doing away with the need for a deferral 
period or for shortening the latter. 
 
Belgium currently has a 28-day deferral period preventing anyone who has travelled outside the 
European Union as well as those returning from several neighbouring countries (including 
countries around the Mediterranean) from giving blood (SHC, 2007). Similarly, a several-week 
deferral period applies to anyone who has stayed in European countries or neighbouring countries 
in which there is a risk of WNV- or CHIKV-infection (ECDC, 2007; ECDC, 2010; Gould et al., 
2010). In Belgium, the periods implemented were 21 days for the 2007 chikungunya-epidemic in 
northern Italy and 28 days for the West-Nile fever epidemic that has prevailed in Greece, Hungary, 
Romania and northern Italy since 2010 (SHC, 2007, FAMHP, 2010). 

                                                
1 The Council reserves the right to make minor typographical amendments to this document at any time. Amendments in substance 
are automatically included in an erratum. In this case, a new version of the advisory report is issued. 
2 Letter from Mr. X. De Cuyper, Chief Executive Officer of the Federal Agency for Medicines and Health Products (reference: 
FAGG/LM/112626) of 06/10/2010, addressed to Mr.J. Nève, SHC Chairman. 
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The number of symptomatic travellers identified in Belgium upon their return from an affected 
area, evolves in parallel with the chronology of the outbreaks described in the literature (Van den 
Bossche et al., 2015; Fig. 5). 
 
The European Directive 2014/110/EU has recently provided that a temporary deferral for WNV is 
not necessary if a nucleic acid amplification test was carried out and its results were negative.  
This Directive has now been transposed into Belgian law (Royal Decree of 2 July 2015). At the 
moment, blood donations collected in Belgium are not subjected to any nucleic acid testing (NAT) 
for WNV and CHIKV. A thorough analysis of the financial impact has yet to be conducted. The 
EDQM (2013) takes the view that, when there is no test available, travellers with clinical WNV 
disease may be authorised to give blood 120 days after the symptoms have cleared. In Europe, 
the deferral periods for WNV do not apply when the blood is used exclusively for plasma intended 
for fractionation.  
 
 
ADVICE 
 
Pathogen reduction technology makes it possible to enhance the safety of platelet concentrates 
to varying degrees depending on the virus strain. 
 
Based on an assessment of all the available data, the SHC advises that, in order to shorten the 
deferral periods for blood donation, the infectious load must be fully removed taking into account 
an additional 3 log safety margin. The viraemic phase that follows the infection with WNV and 
CHIKV is subdivided into two stages: thus, the viral load rises sharply shortly after the infection 
(viraemic phase) before dropping rapidly to levels that can no longer be detected in the plasma 
by means of nucleic acid testing. This drop is concomitant with the rise in neutralising antibodies.  
 
If it has been shown that the platelets no longer contain any infectious viruses at the end of their 
shelf life, the deferral period for blood donation may be shortened depending on the efficacy of 
the methods used as well as the following restrictions:  

a) The SHC warns that, in the event of other blood components being collected when 
preparing the platelet concentrates, the deferral periods must be shortened according to the 
most stringent reduction rate; 
b) In addition, the PRT methods must effectively reduce any other pathogen for which there 
is a deferral period and which the donor could have been co-infected with; 
c) Whenever it is possible to validate a reduction performance of at least 3.7 log10 of the 
infectious load∆ , the deferral period may be shortened and allowed to end after the viraemic 
phase, i.e. 11 days for the WNV-strains and 20 days for the CHIKV-strains.  
 d) A deferral period is no longer necessary when the efficacy reaches at least 6.5 log10 of 
the infectious load∆ for WNV-strains and at least 10.7 log10 for CHIKV-strains.  

 
∆ expressed in TCID50 /mL plasma taking into account a safety margin of 3 log 
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Keywords and MeSH terms 3 
 
MeSH  Keywords Sleutelwoorden Keywords Schlüsselwörter 
West Nile virus  West Nile virus, 

WNV 
West-Nijlvirus, WNV Virus du Nil 

occidental, WNV 
West Nile-Virus, 
WNV 

Chikungunya 
virus 

 Chikungunya 
virus, CHIKV 

Chikungunya virus, 
CHIKV 

Virus Chikungunya, 
CHIKV 

Chikungunya-Virus, 
CHIKV 

safety  pathogen 
reduction, PRT 

Pathogeenreductie,
PRT 

réduction des 
pathogènes, PRT 

Pathogenreduktion, 
PRT 

platelets  platelets bloedplaatjes plaquettes 
sanguines 

Thrombozyten 

blood donation  blood donation bloedgeven don de sang Blutspende 
–  deferral period uitsluitingsperiode période d’exclusion Ausschlussperiode 

 
MeSH (Medical Subject Headings) is the controlled vocabulary thesaurus used for indexing articles for PubMed 
http://www.ncbi.nlm.nih.gov/mesh 
 
 
METHODOLOGY 
 
After analysing the request, the Chair of the field "Blood and blood products" and the working 
group identified the necessary areas of expertise. On this basis, expert knowledge in virology was 
added to the fields of expertise "blood transfusion" and "cell biology". The experts of this working 
group provided a general and an ad hoc declaration of interests and the Committee on Deontology 
assessed the potential risk of conflicts of interest. 
 
This advisory report is based on a review of the scientific literature and on reports from 
international organisations competent in this field, as well as on the views of the experts. 
 
Once the advisory report had been approved by the working group, it was ultimately validated by 
the Board. 
 

FURTHER DETAILS AND ARGUMENTATION 

Abbreviations used: RNA = ribonucleic acid; CHIKV = Chikungunya virus; gEq = genome 
equivalents; IgG = immunoglobulin G; IgM = immunoglobulin M; log10 = logarithm to the base 10; 
NAT = nucleic acid testing; PCR = polymerase chain reaction; PFU = plaque forming units; PRT= 
pathogen reduction technology; RT-PCR = reverse transcription polymerase chain reaction; 
TCID50 = 50 % median tissue culture infectivity dose; WNV = West Nile virus. 
 
 
1. The appropriateness of pathogen reduction 
 
In the argumentation below, the term pathogen reduction technology has been preferred over the 
term pathogen inactivation technology, as this does not necessarily imply that the contamination 
of the blood components has been entirely inactivated, but that it has been reduced.   
 

                                                
3 The Council wishes to clarify that the MeSH terms and keywords are used for referencing purposes as well as to provide an easy 
definition of the scope of the advisory report. 
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One of the conclusions drawn by the SHC in 2008 (SHC 2008) was the following: "the pathogen 
reduction methods that have been validated and are safe for platelet concentrates are efficient 
techniques that offer the advantage of being able to reduce the risk of infectious agent 
transmission, such as enveloped viruses, (gram-positive and gram-negative) bacteria and 
protozoa, but not prions" ("les méthodes de réduction des pathogènes validées et sûres pour les 
concentrés plaquettaires constituent des techniques efficaces qui offrent le bénéfice de pouvoir 
réduire les risques de transmission des agents infectieux, tels que les virus enveloppés, les 
bactéries (Gram positives et Gram négatives) et les protozoaires, mais pas les prions » 
 
The usefulness of PRT depends on factors that affect the recipients, such as the severity of the 
post-transfusion clinical disease (e.g. Pealer et al., 2002 for WNV) and the minimum load 
considered to be infective (Goodrich et al., 2010; Petersen & Busch, 2010). In this context, it 
should not be overlooked that patients receiving platelets are typically prone to infections: with 
some 70 % immunocompromised, they are more greatly affected by this issue. In spite of this, 
there has been no confirmed case so far of (severe) post-transfusion clinical disease following 
CHIKV-transmission (Petersen & Epstein, 2014).  
 
It is not entirely clear what the lowest infective load is after transfusion of a blood component. 
However, a recent study on the WNV-strain that circulates in North America (Kelly et al., 2013) 
shows that it could lie below the detection limit achieved with individual nucleic acid testing (NAT).  
Under these circumstances, proper pathogen reduction will require such residual concentrations 
in blood components to be inactivated. 
 
To shorten, or even lift, any deferral periods imposed in the event of WNV- or CHIKV-epidemics, 
it is also important to take into account the (maximum) viral load that a given PRT treatment could 
reduce. When there is no pathogen-specific screening available, the appropriateness of PRT 
actually increases as the proportion of asymptomatic infected donors goes up and the phase of 
(maximum) viraemia in these donors extends for longer periods of time (see figure 1).   
 
Conversely, PRT to shorten the deferral periods for a particular virus is clearly of limited use if it 
is not possible to achieve an equivalent reduction rate for one of the other components collected 
from the same donor. Note that there is no validated PRT-method available to date for red blood 
cell concentrates. 
 
PRT can also be of limited use when this method cannot be used efficiently to reduce another 
pathogen present in the donor through co-infection (e.g. Myers & Carey, 1967; Gould et al., 2008; 
Caron et al., 2012; Baba et al., 2013; Reusken et al., 2013). 
 
 
 
The appropriateness of shortening the deferral periods for blood donation after applying 
pathogen reduction technology against WNV and CHIKV in platelet concentrates depends both 
on parameters that are intrinsic to a given virus as well as on the pathogen reduction 
performance of these methods. The assessment will need to consider the viral load that could 
be reduced by applying PRT, but also the duration of (maximum) viraemia in these donors, the 
proportion of asymptomatic infected donors, the lowest infective load, the severity of post-
transfusion clinical disease, the possibility of achieving an equivalent reduction rate for any of 
the other components collected from the same donor or for another pathogen present in the 
same donor as a result of co-infection.   
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2. Pathogen reduction performance and the viral load   
 
It may not be possible to provide evidence in support of the efficacy of PRT in preventing disease 
transmission in a clinical setting due to the substantial amount of data required for this type of 
study. Therefore, the efficacy of PRT was measured in terms of the logarithmic reduction in blood 
component contamination (Epstein & Vostal, 2003). This is considered appropriate for viruses 
found in plasma because the viral particles that have not been inactivated lack the ability to 
proliferate after treatment. 
 
The pathogen reduction performance depends on the type of virus (enveloped or not) as well as 
on the specific method that was used (see figure 1).  
 
Many PRT methods developed for treating platelets (e.g. Irsch & Lin, 2011; Marschner & 
Goodrich, 2011; Seltsam & Müller, 2011), usually display higher reduction rates for enveloped 
viruses than for various non-enveloped viruses (SHC, 2008). Given the fact that WNV and CHIKV 
are enveloped viruses, their responsiveness to treatment is fairly good. Resistance to physico-
chemical treatment is also low to medium for enveloped viruses with single-stranded RNA such 
as WNV and CHIKV (Farshid, 2002). 
 
 
Figure 1. Comparison of the efficacy of two PRT methods against a hypothetical virus, one with 

a reduction rate of 3 log/mL, the other with a rate of 5 log/mL (adapted according to 
Goodrich et al., 2010). The graph shows how viraemia progresses in an infected 
person, as well as the efficiency limits and periods of ineffectiveness depending on the 
viral load. 

 

 
 

The efficacy of PRT methods also depends on the viral species, strain4 or genotype (Farshid, 
2002; Shimasaki et al., 2009; Farcet et al., 2012) as well as the viral load found in the component 
to process (SHC, 2008). 

                                                
4 For a given viral strain, the viral particles may also behave differently depending on the cells that replicate  
the virions (Rey, 2013).  

Impossible d’afficher l’image.
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However, there is an inherent difficulty in determining an absolute number of viral genome copies, 
especially in the context of detection methods covering different technological dosing platforms 
that may display different analytical sensitivities (Añez et al., 2015). It follows that the viral loads 
measured delineate average values for detectable units.  
 
When the viral load is expressed in terms of the number of particles per volume, this does not, 
however, reflect the actual amount of infectious viruses, as there are viral particles present that 
are unable to replicate (Odelola & Oduye, 1977). The relation between the number of detectable 
genome equivalents (gEq) and the infectious virus concentration (TCID50 or PFU5) can be 
estimated by means of real time RT-PCR analysis, but whether or not the results are consistent 
depends on the specific RNA sequences used in these real-time amplification experiments (Yap 
et al. 2010). For CHIKV, a 92 % correlation has been found to exist between the result obtained 
with such real time RT-PCR analysis on the one hand, and  quantification based on viral-plaque 
formation on the other (Ho et al., 2010). It should be noted that the virus level obtained by means 
of the TCID50 method is not equivalent to that obtained with the PFU method, even for a single 
viral strain and an identical cell line. In actual fact, these two laboratory tests are set up differently 
and the infectivity of the virus is highly sensitive to factors such as cell age, overlay media, etc. 
 
Since the WNV envelope proteins are less strongly anchored to the nucleocapsid than is the case 
for the CHIKV, the WNV is more fragile than the CHIKV and, as a result, displays a higher 
gEq/TCID50 ratio. 
 
 
The sensitivity to PRT treatment varies depending on the viral species, strain or genotype. Its 
efficacy in reducing the viral load may vary according to changes in the latter in an infected 
individual. 
  

 
 
3. The evolution of West Nile virus viraemia  
 
The WNV belongs to the Flaviviridae family, which also includes other viruses such as the dengue, 
yellow fever, Japanese encephalitis viruses. It is transmitted to humans through mosquito bites.  
The WNV was initially considered harmless to humans, but an increasing number of pathogenic 
virus lineages have been described over time (see section 6). About 80 % of those infected never 
show any visible symptoms, but West Nile fever can occur in about 20 % of cases (Campbell et 
al., 2002; Petersen et al., 2010). 
 
In a small proportion of those infected — about 1 in 150 — the disease may progress to severe 
symptoms involving the central nervous system (encephalitis) and even result in death (Petersen 
et al., 2013). The frequency with which the severe forms of the disease occur and the prognosis 
is poor depends on the patient's age (> 65 years) and immune system status (Weiss et al., 2001; 
Jean et al., 2005). Patients with high blood pressure or diabetes also appear to develop more 
severe symptoms (Samuel & Diamond, 2006). According to a multivariate analysis (Lindsey et 
al., 2012), there is also a link between chronic kidney disease, a history of cancer and a history 
of alcohol abuse on the one hand and severe disease on the other, whereas only 
immunosuppression is associated with fatal cases. 

                                                
5 TCID50 quantification identifies the cytopathic effect in 50 % of inoculated cells by performing serial 
dilutions of the virus sample, whereas the PFU assay quantifies the number of viral plaques formed in a 
cell culture. 
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After an incubation period of about 2 days after infection, WNV viraemia remains high for an 
average of 8 days (Fig. 2). With this virus, the symptoms typically appear after the peak of infection 
(Gea-Banaloche et al., 2004; Custer et al., 2009). Sometimes, the symptoms may persist for up 
to 14 days (Campbell, 2002) and the viraemia may last for up to 11 days after infection 
(Mostashari et al., 2001; Biggerstaff & Petersen, 2002).  
 
When WNV viraemia has reached its peak, the viral particle rate reaches 10 to 106 viral 
particles/mL plasma (Stramer et al., 2005; Tobler et al., 2008; Goodrich et al., 2010; Petersen & 
Busch, 2010; Zou et al., 2010). 
 
Upon experimental infection of advanced cancer patients (Southam & Moore, 1954), the rise in 
viral load was proportional to the initial charge inoculated. However, 89 % of patients showed no 
symptoms apart from mild fever. It follows that a high viral load usually makes it possible to predict 
how future symptoms will develop (Southam & Moore, 1954). Still, the WNV viraemia does not 
always progress in a manner that is consistent with the severity of the symptoms, as there are 
reports that asymptomatic blood donors could carry 105 viral particles/mL plasma (Tobler et al., 
2008). Zou et al. (2010) have even shown that the maximum viral load in some asymptomatic 
donors may exceed that of donors who displayed symptoms at the time of donation. The 
incubation period after transfusion- or transplantation-borne transmission is 4x longer than after 
having sustained a mosquito bite (Rudolph et al., 2014). 
 
Figure 2. Kinetics of post-infection viraemia for a person acutely infected with the WNV (maximum 

infectious load). The neutralising antibodies appear gradually (hatched in blue).  
 

 
 
Very recently, Dodd et al. (2015) highlighted the stratification of viral loads detected in 1,477 blood 
donors who tested positive for WNV-NAT in the US between 2003 and 2012. The profile — 
graphically depicted as a "boxplot" — shows a continuity of the upper adjacent values to the 
extreme value, ranging from 28,750 to 720,000 gEq/mL plasma, i.e.105,86 viral particles/mL. These 
viral loads amount to 25 % of the distribution of RNA levels detected in these asymptomatic 
donors. 
 
As regards WNV, Pfleiderer et al. (2008) estimated that an infectious dose of 1 TCID50 amounts 
to 340 gEq/mL.  
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It has been shown that a low viral load is infective in the event of transfusion-borne transmission 
(Lanciotti et al., 2000) and contamination has been found to occur when handling small amounts 
of infected blood in the laboratory (CDC, 2002). However, it remains unclear what the lowest 
infective load is for debilitated or immunocompromised patients (Busch et al., 2008; Petersen & 
Busch, 2010). Moreover, the transfusion risk is considered low after the viraemic phase and this 
has been linked to the concomitant presence of IgM and IgG (Busch et al., 2008) or regulatory T 
cells (Lanteri et al., 2009). However, Macedo et al. (2004) and Rios et al. (2008) take the view  
that blood components remain infectious in the presence of low levels of viral RNA and anti-WNV 
antibodies. Indeed, Kelly et al. (2013) have recently described a fatal case linked to the transfusion 
of platelets collected from an asymptomatic infected blood donor, in spite of the fact that WNV-
specific IgM and neutralising antibodies were found. The blood donation did not react to individual 
NAT screening. 
 
Studies on the partitioning of WNV in blood (Rios et al., 2007; Lai et al., 2012; Lanteri et al., 2014) 
have revealed that this virus adheres to the red blood cells and that the viral load could be 10 to 
25 times higher in whole blood than in plasma. Moreover, viral RNA remains in whole blood for 3 
months (Lanteri et al., 2014). That does not necessarily mean that this virus is infectious.  
However, the WNV also has been transmitted through organs from a donor with high titres of anti-
WNV antibodies and no detectable virus in the plasma (Nett et al., 2012). 
 
In nature, the WNV maintains a bird-mosquito-bird infection cycle. Even though it is able to 
replicate at high temperatures, as in birds with a fever (Andrade et al., 2011), the WNV does not 
maintain a man-mosquito-man infection cycle. The results of Bai et al. (2010) also show that 
polymorphonuclear neutrophils serve as a reservoir for WNV at the beginning of the infection, 
which prevents them from exercising their putative protective role properly and can lead to 
transfusion-borne transmission.  
 

 

For the WNV, the kinetics of post-infection viraemia go through an acute phase that can last 
for up to 11 days after infection. The symptoms typically appear after the viraemic phase.  About 
80 % of those infected never display any visible symptoms.  
 
The infectious load reaches its peak at around 2,940 TCID50/mL plasma (i.e. 3.47 log10). 
 
The lowest viral load considered infective when transfusing platelets potentially lies below the 
detection limit achieved with individual nucleic acid testing (NAT). 
 

 

4. The evolution of chikungunya virus viraemia  

The CHIKV belongs to the Togaviridae family, which also includes other viruses such as the 
Semliki Forest, Sindbis and Ross River viruses.  It is typically transmitted to humans through bites 
from tropical mosquitoes. Three pathogenic virus lineages have been described in humans (see 
section 6). There is general agreement over the fact that infection causes high fever accompanied 
by severe and debilitating symmetrical joint pain as well as muscle pain in about 80 % of those 
infected (Sergon et al., 2007). After a short-term improvement following the acute phase, the 
symptoms can last for weeks or months and up to 66.5 % of patients report muscular stiffness 
and/or muscle pain more than a year after the onset of infection (Borgherini et al., 2008; Moro et 
al., 2012). Simon et al. (2015) estimated that 5 % of these patients suffer from chronic 
inflammatory rheumatism. 
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According to Staikowski et al. (2012), the course of disease is benign in those aged under 65: 
indeed, none of the under-65-year-olds infected during the outbreak in Reunion Island needed to 
be hospitalised. Conversely, Yoon et al. (2015) report that the number of asymptomatic infected 
individuals increases with age from around 30 % among children to 90 % among infected donors 
aged over 50. Their study probably reflects the degree of immunity acquired as a result of previous 
exposures in the Philippines. Severe complications, which, for a long time, were considered rare, 
include myocarditis, meningitis, encephalitis and acute flaccid paralysis. This rarely results in 
death, with fatal cases primarily involving elderly people with underlying diseases or other co-
infections. Mother-to-child transmission is common only in late, near-term pregnancy, and has 
serious consequences for the foetus (Ramful et al., 2007; Gérardin et al., 2008).  
 
After an incubation period of about two days, CHIKV viraemia rises dramatically and usually drops 
suddenly around day 6, but it can remain high for 8 days (Appassakij et al., 2013; Fig. 3). 
Appassakij et al. (2013) and Chusri et al. (2014) confirmed that the infectious load decreases 
rapidly as soon as anti-CHIKV IgM antibodies appear, though viral RNA could remain detectable 
until up to 17 days after the onset of infection. However, the incubation period may sometimes 
last for up to 2 weeks (Robinson, 1955; Beltrame et al., 2007) and in this case, viraemia may 
remain high until up to 20 days after infection. 
 
For this virus, the duration of presymptomatic viraemia is still poorly understood. Usually, the 
symptoms appear soon after infection — sometimes one day later (Simon et al., 2007; Gallian et 
al., 2014) and according to estimates, some 4 – 25 % of those infected show no obvious 
symptoms during the initial stages of the infection (Josseran et al., 2006; Ng et al., 2009). 
 
When viraemia peaks, the CHIKV viral load may be particularly high and exceed 1010 viral 
particles/mL plasma (Panning et al., 2008; Hoarau et al., 2010; Petersen et al., 2010; Win et al., 
2010). Based on calibration to synthetic reference RNA, Lanciotti et al. (2007), Santhosh et al. 
(2007) and Appassakij et al. (2013) assessed that the maximum infectious load reached 106,8, 107 

or 108,5 PFU/mL plasma, respectively.  
 
 
Figure 3. Kinetics of post-infection viraemia for a person acutely infected with the CHIKV 

(maximum infectious load). The neutralising antibodies appear gradually (hatched in 
blue). 
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There are few data available to date on the viral load in asymptomatic infected blood donors.  
During the great epidemic that raged in Reunion Island, PRT was systematically implemented in 
addition to screening for the virus as well as to very comprehensive donor exclusion (Angelini et 
al., 2006; Cazenave et al., 2006). Cazenave et al. (2006) report that, out of 521 tested apheresis 
platelet concentrates, a single donation turned out to be slightly positive. These concentrates are 
part of a larger study (Rasonglès et al., 2009) involving 1,950 platelet donations. However, the 
results of nucleic acid testing were not disclosed6. Appassakij et al. (2013) and Gallian et al. 
(2014) report that in some asymptomatic blood donors, the infectious load reached values above 
108 gEq/mL of plasma at the time of donation. The first results on the CHIKV epidemic in Puerto 
Rico have just been made public (Busch, 2015): they indicate for the first time that only 4 % of 
infection cases are actually reported, with antibodies appearing in 23.4 % of blood donors without 
there being any visible symptoms. In about 10 % of these donors, the viral loads exceeded 105 
gEq/mL. Chiu et al. (2015) found that, among three donors with viral RNA, one asymptomatic 
blood donor displayed a load of 107,96 gEq/mL. 
 
As regards the CHIKV, Carletti et al. (2007) as well as Vanlandingham et al. (2013) estimated 
that an infectious dose of 1 TCID50 amounts to 200 gEq/mL.  
 
It is unclear what the lowest dose that will be infective in the event of a potential transfusion-borne 
transmission of the virus to debilitated or immunocompromised patients. However, there have 
been several instances in which laboratory technicians and nursing staff were found to have been 
contaminated with the CHIKV from handling blood from infected patients (Cordel et al., 2006). 
 
The risk of serious clinical consequences is believed to be high (Petersen & Busch, 2010). 
However, recent preliminary data (ANSM, 2014; Busch, 2015) suggest that transfusion-borne 
transmission of CHIKV has no major clinical consequences in blood component recipients, 
including those receiving platelets. 
 
The SHC has no knowledge about there being any detailed studies available on the partitioning 
of the virus in blood, though the CHIKV is capable of binding preferentially to platelets (Larke & 
Wheelock, 1970).  
 
CHIKV is able to maintain a man-mosquito-man infection cycle without an animal reservoir.  
 
 

 

For the CHIKV, the kinetics of post-infection viraemia go through an acute phase that can last 
for up to 20 days after infection. The symptoms appear quickly, as soon as the viraemia goes 
up, sometimes a day later. About 25 % of infected donors never display any visible symptoms. 
 

The infectious load reaches its peak at around 5.107 TCID50/mL plasma (i.e. 7.70 log10). 
 
It is unclear what the lowest viral load is that is infective when transfusing platelets. No clinical 
consequences have been described to date following a transfusion-borne transmission of 
contemporary CHIKV strains.  
 

 

                                                
6 In the beginning of the epidemic wave, some 500 other platelet donations were tested by RT-PCR and 
two of them turned out to be positive, though no details were given about the viral load (Brouard et al., 
2008). With the number of symptomatic cases having dropped dramatically since April 2006, maintaining 
the stricter donor exclusion criteria probably resulted in there being no additional contaminated donations. 



Superior Health Council 
www.css-hgr.be 

 
− 11 − 

5. Examining the appropriateness and efficacy of the techniques  
 
Until now, the pathogen reducing potential of PRT methods in platelet concentrates has been 
estimated with highly specialised biological assays based on internationally standardised cell 
culture methods (ICH, 1999). These assays have been standardised as part of the industrial 
manufacturing process of plasma-derived blood products. Among other things, carrying out a 
comprehensive assessment of the efficacy of the various methods is concerned with the manner 
in which the experiments are conducted and interpreted (choice of viral strains, methods used for 
inoculation, cell culture, virus detection, etc.). Attention is paid to the threats that certain viruses 
may pose to the health of the staff conducting the viral clearance studies. 
 
The plasma-derivative manufacturing process typically involves several physico-chemical steps, 
including specific steps that may each result in a reduction rate of up to 6 logs or more for 
enveloped viruses with a low to medium resistance to treatment. As regards WNV, Kreil et al. 
(2003) and Jakubik et al. (2004) have shown that each specific manufacturing step displays a 
reduction rate of ≥ 5 or 6 logs. It is important to note that these manufacturing processes involve 
virus removal steps (precipitation, filtration, etc.) that significantly increase the safety margin of 
inactivated products (Dichtelmüller et al., 2011). The viral loads are considerably diluted by 
pooling many plasma donations: according to the assessment made by Pfleiderer et al. (2008), 
this load is < 103 gEq WNV/mL plasma. As a result, there is no known case in which a recipient 
of plasma derivatives was infected with the WNV in spite of the fact that no screening is performed 
on the source plasma. 
 
As regards CHIKV, the nucleocapsid is more strongly anchored to the structural proteins of the 
envelope than is the case for the WNV, which is believed to make the CHIKV more resistant to 
PRT methods. Indeed, Leydold et al. (2012) have just recently shown that this virus is often 10-
15 times more resistant to physico-chemical treatment than the WNV. Still, certain steps of the 
plasma-derivative manufacturing process were found to display reduction rates of ≥ 6 logs. The 
viral loads in plasma pools that may also contain donations contaminated with CHIKV will also be 
diluted, but the SHC has no knowledge of any studies having been conducted on this subject. 
 
The traditional physico-chemical pathogen reduction method — viz. the "solvent-detergent" 
method — is also used to inactivate viruses in plasma for transfusion. There are currently other 
PRT processes available that have been designed for use on individual plasma samples as well 
as on platelet concentrates. These methods target the nucleic acids of pathogens, especially by 
using visible or ultraviolet light, as well as, in many cases, an additive (Rock, 2011; Tsen et al., 
2014). In such cases, there are significantly less simultaneous virus removal steps and there is 
no significant dilution of the viral load, for example during the treatment of apheresis platelets 
from a single donor. 
 
As for identifying the infection rate in viral clearance studies, Farshid (2002) and Dichtelmüller et 
al. (2011) enumerate the main factors that may have an impact on whether or not real values of 
viral reduction are achieved. In actual practice, the dynamic range of the test can be dependent 
on or limited by: 

- the titre and volume of the inoculum used; 
- sample dilution to avoid cytotoxicity; 
- the volume of the sample spread on the cell cultures used. 

 
Dichtelmüller et al. (2011) indicate that, depending on the inoculum and the volume of the sample 
spread on the cell cultures by different laboratories, even a 6 log10 reduction does not by any 
means rule out any residual infections. 
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This is why some health authorities require a 3 to 5 log10 reduction of the viral load as a safety 
margin for plasma (Farshid, 2002). Similarly, Epstein (2010) advises a safety margin of at least 3 
log10 of the infectious load for the reduction rates set for platelets. 
 
Moreover, the viral load (see Figure 1) is expressed per millilitre of plasma: it therefore does not 
take into account defective viruses or viral particles that potentially aggregate onto cellular blood 
components (Flaujac et al., 2010). This means that the estimated infectious loads are 
representative for blood components such as plasma (Rios et al., 2007; Chancey et al., 2012), 
but that they could be higher for platelets (Lee et al., 1993; Lee et al., 1998). 
 
Apart from this preliminary in vitro assessment, the details about the preparation of platelet 
concentrates, such as centrifugation parameters, the version of the medical device used to obtain 
the results, etc. should also be taken into account. As there are quite a few alternative ways in 
which platelet concentrates can be prepared, the latter are in fact likely to be affected differently 
by the same pathogen reduction treatment. 
 
Last but not least, we must not underestimate the donor-specific variations that affect platelet 
concentrate samples — e.g. the plasma lipid content, the degree of platelet aggregation (van der 
Meer et al., 2015), etc. 
 
Indeed, the routine implementation of these techniques sometimes shows significant 
discrepancies in terms of their efficacy (cf. SHC, 2011; CSS 2011b; Müller et al., 2011). 
 
 
 
Given the discrepancies observed between the various parameters, especially those that 
pertain to the routine preparation process, CSS advises that a safety margin of at least 3 
log10 of the infectious load be implemented for the reduction rates that pertain to enveloped 
viruses in platelet concentrates. 
 

 
 
6. Epidemic outbreaks of the West Nile and chikungunya viruses 

6.1. WNV epizootics  
 
WNV was first isolated in 1937 in the West Nile region of Uganda in a woman suffering from a 
high fever. It was found to be a virus that is transmitted to birds through mosquito bites in Egypt 
and Israel in the 1950s. Mammals, including horses and humans, may also be infected when 
mosquitoes thrive. Many mosquitoes pass WNV, but it is especially the most common mosquito 
in temperate regions, viz. Culex pipiens, that is responsible for the rapid colonisation of the other 
continents, to which international transport and trade have contributed. Birds migrating from Africa 
and the importing of the house sparrow too have been claimed to have had their share of 
responsibility in this spread. Crows are birds that easily succumb to WNV. 
 
Before the 1990s, the WNV was endemic in Africa (lineage 1A and lineage 2), Australia (lineage 
1B), the Middle East and India (lineage 1C) and any occasional infection in human beings was 
considered benign. Since the 1990s, a more invasive 1A strain with potentially severe clinical 
consequences (fatal encephalitis) has begun to spread (Artsob et al., 2009). Only small outbreaks 
were observed in Europe (Kilpatrick, 2011) but three major epidemics occurred in Bucharest, 
Volgograd and Israel, resulting in dozens of fatal cases (Reiter, 2010). In 1999, WNV emerged in 
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North America, triggering a dramatic and unprecedented epizootic: within four years, WNV had 
become ubiquitous in the US and Canada with epidemics every summer from July until late 
October, causing some patients to suffer from neuroinvasive West Nile disease. By 2009, some 
1.8 million people had been infected in the US, with 12,852 reported cases of meningoencephalitis 
and 1,308 fatal cases (Artsob et al., 2009). Since then, this WNV-strain has also invaded Central 
and South America. 
 
Transfusion-borne transmission has been shown to occur in the USA (Pealer et al., 2002) and 
American blood donations are screened by means of NAT that have been validated to detect 
WNV lineage 1A. The presence of infections in travellers returning from America has been 
confirmed by European laboratories (Charles et al., 2003; Prick et al., 2003; Maillo et al., 2008), 
which prompted the European authorities to establish a temporary exclusion criterion for blood 
donation. 
 
Since 2008, new WNV outbreaks have occurred in Europe as extensive epizootics raged in 
southern Russia and epidemic outbreaks appeared in the Middle East and the Maghreb countries 
(ECDC, 2011). An "affected area" is an area in which there in an ongoing risk of the virus being 
transmitted to humans (Domanovic & Giesecke, 2012). It is important to note that the outbreaks 
of human neuroinvasive cases in Russia, Romania, Greece, Italy, Sardinia and Serbia were 
caused by WNV lineage 2 (Hernández-Triana et al., 2014). At the same time, Venter & Swanepoel 
(2010) confirmed that the cases of meningoencephalitis that occurred in South Africa were caused 
by lineage 2, which had, until then, been considered innocuous. This lineage originated in sub-
Saharan Africa and Madagascar but had already been discovered by chance in Hungarian birds 
of prey in 2004, before being found in Austrian birds as well.  
 
Genomic screening with NAT could quickly be implemented in Italy and Greece because different 
tests had already been amply validated during the North American epizootic. Nevertheless, the 
screening technique has to be adjusted for the various WNV-strains circulating in Europe to be 
detected effectively (cf. Linke et al., 2007), whilst taking into account any interfering viruses 
(Gaibani et al., 2010).  
 
6.2. CHIKV epidemics 
 
CHIKV was first isolated in 1953 when a fever epidemic prevailed on the Makonde Plateau in 
Tanzania. The disease causes very severe joint pain associated with stiffness, hence the reason 
why its original name means "to become contorted". The unexpected chikungunya epidemic that 
raged on the islands in the Indian Ocean islands in 2006 propelled this "emerging" disease to the 
forefront of international health concerns. However, in light of recent knowledge on the clinical 
picture that is suggestive of chikungunya, a number of "dengue" epidemics that emerged over the 
last 250 years, might, in hindsight, be attributed to chikungunya instead (Carey, 1971; Halstead, 
2015). 
 
CHIKV is transmitted through tropical mosquito bites and is maintained in a complex zoonotic 
cycle in Africa and Asia that especially involves monkeys. At 40 – 50 year intervals, it enters into 
an urban human-mosquito-human cycle that triggers explosive and extensive pandemics. The 
main mosquito involved in spreading this virus is the Aedes aegypti mosquito, which is the vector 
of yellow fever and dengue. Its range covers tropical and subtropical regions (cf. Figure 4).  
 
 
 



Superior Health Council 
www.css-hgr.be 

 
− 14 − 

In the last 50 years, there has been a 30-fold increase in the incidence of dengue. In the current 
decade, it has expanded from urban sites to rural areas. As a result, viruses are now intensely 
spread by this mosquito up to the potential geographical limits for its year-round survival in the 
northern (Mexico, Nepal) and southern hemispheres (northern Argentina, Swaziland). In Europe, 
A. aegypti is endemic on the island of Madeira. 
 
Since 2004, Aedes albopictus (the "tiger mosquito") has caused CHIKV to rapidly colonise other 
continents from the Kenyan coastline and the islands in the Indian Ocean. In Africa and South 
America, the tropical and subtropical range is currently still more limited than that of the A.aegypti 
mosquito, but this mosquito has already invaded the temperate regions, to which international 
transport and trade have contributed. For the past few decades, it has been colonising such 
regions as the East Coast of the USA (beyond Chicago), the Mediterranean coast from Spain to 
Greece and has been working its way down the Australian East Coast (beyond Sidney). 
Conversely, the east coast of China, South Korea and Japan belong to its native range.   
 
In temperate regions, A. albopictus goes into diapause during the winter and is unable to pass 
the CHIKV during the following spring. However, in regions in which there is no clear winter, 
female mosquitoes remain active throughout the year. 
 
 
Figure 4. Areas in which there is a risk of CHIKV- transmission by the Aedes aegypti mosquito 

(addition of 10 °C isotherms on the distribution map drawn up by Kraemer et al., 2015). 
The areas with malaria transmission lie inside those in which this mosquito is endemic, 
except for Kurdistan, Yemen and southern Iran/Afghanistan (marked by ||| on the map). 
The January and July isotherms show the potential geographical limits in the northern 
and southern hemispheres for the year-round survival of this tropical mosquito.  
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A distinction is drawn between three viral lineages: a West African lineage, an East, South and 
Central African lineage, and an Asian lineage. They are mainly spread by the A. aegypti mosquito.   
 
Prior to the explosive epidemic that raged in Reunion Island in 2006, CHIKV infections were 
considered debilitating, causing joint and muscle pain that cleared after a few weeks, without 
being life-threatening. However, a mutation in a surface protein is believed to have allowed the 
CHIKV to be efficiently transmitted by the A. albopictus mosquito in the Indian Ocean islands, as 
well as to be responsible for the occurrence of severe clinical complications. This lineage has 
arrived in India and South-East Asia, where it is now established next to the native Asian lineage.  
This strain is more virulent, causing neurological complications and excess mortality (Mavalankar 
et al., 2008; Robin et al., 2008). In 2007, this CHIKV lineage was imported into the north-east of 
Italy, where some 250 people showed symptoms during the summer of 2007, which in turn 
adversely affected the country's blood supply (Liumbruno et al., 2008). Other outbreaks occurred 
in Gabon.  
 
The Asian lineage has started to spread in China and Oceania (Yap Island, Polynesia) and has 
triggered a dramatic spread in America, affecting some ten million people in the Caribbean and 
Central and South America in the course of 2014. The disease was first recognised in late 2013 
in the French Antilles, a well-supervised French overseas territory. The cosmopolitan spread of 
this new viral strain was preceded by a large-scale epidemic in the Philippines in 2012 (Tan et al., 
2015).  
 
This vast epidemic is still ongoing with explosive outbreaks occurring near the boundaries of the 
A. aegypti mosquito's range, viz. in Mexico as well as in Paraguay and Peru. A small outbreak of 
this lineage hit Florida last year (11 individuals with symptoms). 
 
In Brazil, the East, South and Central African lineage also took root in the state of Bahia on the 
Atlantic coast during the summer of 2014, but it does not display the mutation that enables it to 
be passed by the tiger mosquito. Another small outbreak of the East, South and Central African 
lineage appeared in 2014 around Montpelier in France (12 patients with symptoms). 
 
As was the case with the yellow fever virus, CHIKV will be able to establish a zoonotic cycle 
involving New World monkeys and to remain on the continent from this reservoir. No such cycle 
seems to have ever taken root in Asia, where the CHIKV exclusively circulates via human 
transmission in the vicinity of dwellings.   
 
The presence of infections in travellers returning from areas affected by the CHIKV has been 
confirmed in European and American laboratories (Parola et al., 2006; Panning et al., 2008; 
Gibney et al. 2011; see Fig. 5). The number of thus detected symptomatic cases is clearly 
proportional to the occurrence of large epidemics in tourist regions like Reunion Island in 2006 
and the Caribbean in 2014 (see Figure 5).  
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Figure 5. Fluctuation in the number of likely and confirmed cases of CHIKV infection in travellers 
returning to Belgium per year in which the virus spread in the regions visited (Van den 
Bossche et al., 2015; M. Van Esbroeck, pers. comm.). 

 

        
 
 

                        * Number of infections identified between January and June 2015.  
 

 
It was suspected that CHIKV could be transmitted via transfusion, which, as a precautionary 
measure, resulted in the implementation of periods of temporary deferral from blood donation 
during the epidemic on the islands of the south-west Indian Ocean and in the north-east of Italy 
(cf. SHC 2007b). Most of the other regions in which CHIKV prevailed had already been excluded 
by the deferral criteria for malaria (see Figure 4). In actual fact, the Asian CHIKV lineage has just 
recently been shown to have been transmitted through the transfusion of contaminated blood 
components (ANSM, 2014; Busch, 2015). However, based on the preliminary data available, this 
does not seem to have any major consequences for the recipients. 
 
6.3. Strategies to reduce the risk of contamination linked to travellers  
 
The transmission of CHIKV and WNV strains is characterised by the appearance of outbreaks 
and a seasonal fluctuation of the epidemics, which may sometimes occur unexpectedly. It follows 
that there are a few impediments to setting up strategies for excluding travellers returning from 
affected areas (Lieshout-Krikke et al., 2013; Seed et al., 2014; Petersen & Epstein, 2015). 

- delimiting the affected areas is inherently complex; 
- it remains unclear for how long a deferral period for blood donation should ideally be 

implemented7; 
- it is possible that by the time the safety measures have been set up, the greatest threat 

of a new epidemic has already passed. 
 
These impediments, as well as the cumbersomeness of constantly having to adjust the strategy 
to new outbreaks, have prompted Belgium to adopt a common exclusion criterion for all blood 
                                                
7 e.g. in 2012, the US WNV-epizootic season lasted one month longer than in other years. 

Impossible d’afficher l’image.
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donors who have recently travelled overseas (SHC, 2007). The growing number of areas in 
Europa affected by the WNV, as well as the occurrence of small outbreaks of dengue and 
chikungunya, make it more complicated to manage the strategies aimed at reducing the risks of 
infection.   
 
In all these situations, PRT can contribute towards reducing the risk of transfusion-borne 
transmission of viral strains in the absence of pathogen-specific screening. Moreover, the 
validated PRT methods may confer significant protection when the viral load in the donor does 
not exceed the efficiency limit. Still, for the time being, the most frequently transfused blood 
component, viz. red blood cell concentrates, cannot be treated effectively with PRT yet (see 
section 7). That is why blood donations are increasingly subjected to nucleic acid testing in 
affected areas as a means to protect the overall blood supply against the risk of contamination 
(Seed, 2014). In low-prevalence areas (i.e. in which there are only a minimal number of 
neuroinvasive cases), WNV-transmission will be under-reported due to the lack of WNV-
screening that is representative of the population — e.g. in blood donors.  When such a monitoring 
programme was implemented in eastern Austria, Jungbauer et al. (2015) were able to identify 
one blood donor infected with lineage 2 in August 2014. Some 67,800 blood donations have been 
tested in that area to date. 
 
NAT screening was also implemented during the 2012 season in England and North Wales, 
targeting travellers who were "at risk" of having been infected with WNV (NHSBT, 2013). Since 
no donor was found to have a confirmed positive screening result for WNV, the English blood 
services were not compelled to defer 30,000 blood donations in accordance with the exclusion 
criteria that have been set for this virus. This number of donations amounted to 1.47 % of all 
tested donations, i.e. it was roughly equivalent to the number of donations screened for hepatitis 
B based on anti-HBc antibodies or for malaria based on anti-malaria antibodies.  
 
In the Netherlands, some 28,000 donors are deferred each year upon returning from a stay in 
countries at risk for Crimean-Congo fever, dengue, malaria, visceral leishmaniasis, CHIKV and 
WNV viruses (Lieshout-Krikke et al., 2013). This amounts to 2.7 % of all donors. Lieshout-Krikke 
et al. (2013) believe that the number of infected travellers returning from areas newly affected by 
WNV (areas in Greece or Italy) or CHIKV (Thailand) is very low. Some 5,500 Dutch donors were 
excluded for 4 weeks after travelling to the affected areas in Italy and Greece. Since traveller 
destinations and habits (tourism, business travel) differ from one country to another, a 
comprehensive analysis still needs to be conducted for Belgium. 
 
Each proposal to adapt the exclusion periods for blood donation for a given pathogen must take 
into account any deferral periods that are in place for other pathogens that prevail in the affected 
areas. The CHIKV is transmitted by mosquitoes, the main species of which are widespread in 
tropical and subtropical countries. These countries are mainly situated in the area where malaria 
is endemic (see Figure 4). Given the fact that malaria is one of the infectious diseases that must 
be ruled out for all blood donors, donor candidates arriving from countries in which malaria is 
endemic are excluded from donating blood for a 6-month period (see Royal Decree of 1 February 
2005, Appendix 2., a) Infections). Moreover, there may be cases of chikungunya and malaria co-
infection (Raut et al., 2015). When an exclusion period for a given pathogen has been shortened, 
there must be increased vigilance as regards the other pathogens for which there is a confirmed 
transfusion risk8. For example, in the USA, which is an area in which WNV is endemic, there is a 

                                                
8 It should be noted that the risk of transfusion-borne transmission is sometimes considered to be greater 
for some blood components, e.g. platelet concentrates in the event of Chagas disease (Cancino-Faure et 
al., 2015). 
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serious risk of transfusion-borne transmission of visceral babesiosis (Leiby, 2006; Goss et al., 
2012; Gray & Herwaldt, 2015). Chikungunya epidemics often overlap with dengue epidemics and 
some 3 % of chikungunya-dengue co-infections were found in an epidemic area or in travellers 
returning from these regions (Pialoux et al., 2007; Kalawat et al., 2011). On the other hand, a 50 
% co-infection rate has been reported by Saswat et al. (2015). The extent of the risk posed by 
dengue for transfusion is currently being investigated (Semenza & Menne, 2009; Arellanos-Sotos 
et al., 2015). Conversely, since 15 % of the fatalities that were directly attributed to CHIKV have 
in fact been linked to co-infection (INS, 2015), people infected with these two viruses could show 
severe symptoms and thus be excluded from donating blood on this basis. 

 
 
WNV has spread on all continents and circulates in temperate regions. In Europe, the areas 
that are at risk or are affected by the WNV have expanded in recent years. During the last 
decade, CHIKV entered into a pandemic phase and is now present in all tropical and subtropical 
regions with incursions into temperate regions. The number of travellers infected with these 
viruses is proportional to the intensity of the epidemics as well as to travel destinations and 
habits (season, altitude, length of stay, etc.). 
  
The appropriateness of shortening a deferral period for blood donation for a given pathogen 
depends on the reduction performance for any other pathogen for which there is a mandatory 
exclusion period and which the donor may have been co-infected with. Should the deferral 
periods be shortened after PRT, there would need to be increased vigilance as regards 
pathogens that entail a confirmed risk for transfusion and that cannot be entirely eliminated by 
means of the method implemented. 
 

 

7. The usefulness of pathogen reduction methods for platelet concentrates 

In Belgium, pathogen reduction in platelet concentrates has been authorised by Royal Decree 
since February 2005 as an alternative to the detection of bacterial contamination to extend the 
shelf life of platelets from 5 to 7 days. More recently, the SHC advised that pathogen-reduced 
platelet concentrates should not be kept for more than five days after collection (cf. SHC, 2011b). 
This shorter shelf life was introduced by Circular in November 2009 (FAMHP, 2009). Moreover, 
the Royal Decree of June 2009 states that all platelet concentrates must undergo a validated 
pathogen reduction method ("tous les concentrés plaquettaires doivent subir une méthode de 
réduction des pathogènes validée"). This Decree entered into force on 1 July 2015. The legislation 
therefore concerns both apheresis platelet concentrates (i.e. selective removal using a cell 
separator) as well as those obtained from buffy coats, viz. by fractionation of whole blood into 
plasma, platelets and erythrocytes (SHC, 2010). 
 
Since deferrals from blood donation that target pathogens affect all blood components collected 
from the potential donor, and since, to date, there is no validated PRT method for red blood cell 
concentrates (cf. SHC, 2008 ), the advisory report does not apply to concentrates prepared from 
whole blood (see Table 1). During the manufacture process of platelet concentrates, other blood 
components too are collected by means of multicomponent apheresis. Due to the increasing 
demand for plasma, very few single-apheresis platelet concentrates were collected in 2008 and 
2009; instead, double apheresis was used to collect both platelets and plasma. 
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Since 2010, this situation has turned around, with over 50 % of apheresis platelets collected by 
means of plateletpheresis in 2013. For double-apheresis platelets, the exclusion periods must be 
shortened in accordance with the most stringent reduction rate for the collected component.   
 
 
Table 1. Distribution of the number of platelet concentrates prepared each year in Belgium per 

collection method used (FAMHP, 2013; FAMHP, 2015; L. Muylle, pers. comm.).  
 

 
 
 

Origin of the platelets  

 
Year of collection  

 
2008 

 
2009 

 
2010 

 
2011 

 
2012  

 
2013  

Whole blood  40,049 41,100 32,971 32,621 33,437 33,040 

Double apheresis  

(platelets + plasma∆) 

22,614 25,079 15,314 15,013 13,471 15,558 

Plateletpheresis   4,522  1,886 12,133 13,710 15,543 17,009 

Collection total◊  65,030 68,910 69,328 68,966 69,447 68,800 
∆ A portion of this plasma may be intended for industrial fractionation. 
◊ Some apheresis procedures yield two platelet concentrates. 
 
 
Physico-chemical methods for pathogen reduction in plasma are not used to inactivate pathogens 
in platelet concentrates, as these methods also damage cell components (e.g. the solvent-
detergent method purposefully damages the cell-membrane lipid layer). The PRT processes that 
have been considered  so far for use on platelet concentrates use light rays to damage the nucleic 
acids of pathogens, both with and without a photoactivatable additive (Mohr & Redecker-Klein, 
2003; Mohr et al., 2009; Salunkhe et al., 2015). The pathogen-reducing potential of these PRT 
methods has been estimated by means of the same cell culture methods as those used in the 
industrial manufacturing of plasma-derived blood products. 
 
The viral reduction efficacy should be established under small-scale laboratory conditions that are 
representative of the working of the commercial unit in blood establishments (Friedman & 
Stromberg, 1993; Friedman et al., 1995; Farshid et al., 2005; Dichtelmüller et al., 2011). 
Approaches that include non-compliant manufacturing steps (e.g. washing platelets)9 or omit 
certain steps are not acceptable. The extent to which the product ingredients — such as e.g. the 
preservation solutions, residual leukocytes, the platelets themselves — interfere with the assays 
used to determine the infectious virus titre must be assessed separately, as these factors may 
have an adverse effect on the indicator cells (ICH, 1999).  
 
As regards CHIKV, it is also important to draw attention to the fact that this virus is able to bind 
preferentially to platelets (Larke & Wheelock, 1970). Moreover, Chernesky & Larke (1977) pointed 
out that when this virus can surround itself with large platelet aggregates, this adversely affects 
the heat inactivation of the virus. The validation of the PRT-methods in platelets must take into 

                                                
9 For example, Sawyer & Dupuis (2006) or Cazenave et al. (2007). 



Superior Health Council 
www.css-hgr.be 

 
− 20 − 

account this feature (cf. SHC, 2007), given the fact that the light may be prevented from 
penetrating into the platelet concentrates sufficiently for these techniques to be effective. In short, 
the infectious load may be turn out to be higher in platelets than in plasma. 
 
Many studies have shown that the reduction performance of these PRT methods depends on the 
preservation solution used during the shelf life — i.e. either autologous plasma or a blend of about 
1/3 plasma and 2/3 of a platelet storage solution (SHC, 2010). Several studies have indeed shown 
that plasma proteins prevent the UV rays from penetrating properly (Terpstra et al., 2008; Mohr 
et al., 2009b; Störmer et al., 2010; Yomtovian & Jacobs, 2010). Similarly, for many pathogens, 
the reported reduction values are lower in 100 % plasma10 than those obtained in experiments 
using the same amount of energy delivered to platelets resuspended in an additive solution (cf. 
Irsch & Lin, 2011; Marschner & Goodrich, 2011; Seltsam & Müller, 2011). Moreover, the reduction 
rates are typically obtained by analysing four to six samples and are expressed as mean values 
(Lin et al., 2005; Goodrich et al., 2006; Mohr et al., 2009b; Tsetsarkin et al., 2013). When the 
standard deviation is mentioned, it is about 0.5 log10 for studies with platelets in an additive 
solution, whereas the standard deviation for studies with platelets in autologous plasma can 
exceed 1 log10 (cf. Tsetsarkin et al., 2013). 
 
In addition, the initial virus titre that can be obtained experimentally to inoculate platelets in an 
additive solution is almost 1 log10 lower than that for platelets in autologous plasma. However, for 
CHIKV, the higher infectious titres that can be obtained in plasma do set limits to the 
photochemical or photodynamic techniques: an infectious load over ca. 106,5 to 107 TCID50/mL11 
(Sawyer et al., 2007; Tsetsarkin et al., 2013) or over 106 TCID50/mL (Rossini et al., 2011) stands 
in the way of achieving the viral reduction values under these experimental conditions. 
 
In short, the reduction performance of these PRT methods in platelet concentrates will 
approximately equal the lowest reduction rate achieved in an additive solution. 
 
 

 
As there is no validated PRT method for red blood cell concentrates available to date, this 
advisory report does not apply to concentrates prepared from whole blood. For double-
apheresis platelets, the exclusion periods must be shortened in accordance with the most 
stringent reduction rate for the collected component. 
 
The reduction performance of PRT methods in platelet concentrates will approximately equal 
the lowest reduction rate achieved in an additive solution. 
 

  

                                                
10 In fact, this precisely does not seem to be the case for the WNV and CHIKV, for which the reduction 
performance announced by Irsch & Linn (2011) is about 1 log10 higher for platelets in autologous plasma 
than those in an additive solution.  
11 Sawyer et al. (2007) show that a titre of 105,7 to 107,3 TCID50/mL inoculated in plasma resulted in one or 
two residual plaques and Tsetsarkin et al. (2013) observed a residual viral load of less than 1.3 log10 in two 
of the four reproduced experiments. 
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8. The virus-reduction performance of PRT-methods for WNV and CHIKV in platelet 
concentrates  
 
The currently published data for three commercial PRT systems generally mention reduction rates 
of 4.5 log10 TCID50/mL or higher12 for WNV (Ruane et al., 2004; Lin et al., 2005; Gallian et al., 
2006; Mohr et al., 2009b). These data further demonstrate that WNV is highly sensitive to light- 
exposure (Mohr et al., 2004), but the SHC has no knowledge of independent comparative studies 
evaluating these methods under standardised experimental conditions. 
 
Gallian et al. (2006) hold that applying photochemical PRT on platelet concentrates is as effective 
on European WNV strains as it is on the American strains (see section 6.1.). However, the 
analysed WNV strain still belongs to lineage 1A, and displays a 3.7 % divergence in the viral RNA 
sequence, whereas the genetic distance is about 4x greater for lineage 2. Although the SHC does 
not expect these different West-Nile viruses to show a significantly greater resistance to PRT 
methods, the equivalence of the reduction rate has not been experimentally validated to date.  
 
As regards CHIKV, the published reduction rates for both commercial PRT systems are 
approximately 2 – 3.5 log10 or 5 – 6 log10 TCID50/mL, respectively (Sawyer et al., 2007; Sawyer et 
al., 2009; Rossini et al., 2011; Tsetsarkin et al., 2013; Vanlandingham et al., 2013). These studies 
quantified the reduction rate immediately after the inactivation. 
 
The SHC points out that Tan et al. (2013) assessed the reduction performance of these two 
methods simultaneously and over a storage period of up to five days. These authors showed that 
the reduction efficacy was the same for both photochemical methods, which reduced the 
infectious viral loads from 104, 4 PFU/mL to the detection limits (i.e. 3.75 log10 PFU/mL). However, 
the SHC emphasises that the PFU titrations are based on counting that is difficult to standardise 
and that identifying a cytopathic effect with the TCID50 limiting dilution methods is more reliable.  
Tsetsarkin et al. (2013) emphasise the need to include heparin in the dilutions to prevent loss of 
sensitivity in the TCID50 assay when the anticoagulant of the blood component comes into contact 
with the divalent cations in the culture medium. Vanlandingham et al. (2013) do not mention the 
use of heparin. As regards the PRT methods based on UV-rays only, i.e. with no photoactivatable 
additive, it would be surprising to find that CHIKV displays a greater photosensitivity, given the 
fact that its nucleocapsid is more strongly anchored to the viral envelope protein than is the case 
for the WNV. 
 
The pathogen reducing performance of PRT methods in platelet concentrates has often been 
assessed by means of the same assays as those used to determine the infectious virus titre in 
the industrial manufacture of plasma-derived blood products. Although the cell culture methods 
used display significant detection limits, implementing several virus inactivation/removal steps 
greatly increases the safety margin for inactivated plasma products. Expressing the reduction 
factors as logarithmic reductions in titre implies that the residual infectivity may be greatly 
reduced, but it will never be brought down to zero (ICH, 1999). Thus, a reduction factor that is 
identical to the infectious units in the concentrate leaves one infectious unit per mL, which 
amounts to 300 infectious units per platelet concentrate. If no additional inactivation or removal 
steps13 are applied during the preparation of platelet concentrates, these residual infectious units 

                                                
12 According Seltsam & Müller (2011), irradiation with UV-rays only (Mohr et al, 2009b) is less efficient, the 
reduction rate being about 3.5 – 4 log10. 
13 Mohr et al. (2004) and Tan et al. (2013) had provided evidence that both CHIKV and WNV are 
photosensitive by simply exposing them to daylight: for WNV, this results in a 60 – 70 % degradation and, 
for CHIKV, 27 %. This is a significant portion of the reduction rate attributed to PRT. 
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may be transmitted by transfusion. It is unclear what the lowest viral load is that should be 
considered to be infective when transfusing platelets and, to date, no (severe) clinical 
consequences have been described as a result of transfusion-borne CHIKV transmission (see 
section 4). However, platelet concentrates contaminated with WNV remain infectious if there is 
viral RNA present that is not reactive to individual NAT screening (see section 3; Kelly et al., 
2013). The SHC therefore believes that, in order to prevent the transfusion-borne transmission of 
these viruses, validated PRT-methods should fully reduce the residual infectious loads in blood 
components. 
 
In order to fully eliminate WNV during the viraemic phase, the PRT methods should reduce the 
infectious load by at least 6.5 log10 TCID50/mL, taking into account a safety margin of 3 log10 (see 
sections 3 and 5). For CHIKV, this should be at least 10.7 log10 (see sections 4 and 5). Given the 
efficiency limits of the PRT methods used in platelet concentrates, an exclusion period covering 
the acute phase of a WNV or CHIKV infection remains of paramount importance to prevent their 
transfusion-borne transmission.  
 
The SHC takes the view that a reduction performance of at least 3.7 log10 TCID50/mL of the 
infectious load, safety margin included, reduces the amount of WNV and CHIKV after the viraemic 
phase, i.e. from the 12th day following the infection for WNV-strains, and from the 21st day for the 
CHIKV strains. Many PRT methods used for platelet concentrates display a reduction 
performance for WNV and CHIKV that exceeds this reduction rate. 

Still, one should keep in mind that there is a fundamental difference between pathogen 
inactivation in cell-free plasma and pathogen reduction in a (cellular) platelet preparation. Any 
pathogens in the plasma that may not have been inactivated after treatment for transfusion are 
unable to multiply in sufficient numbers to cause morbidity and mortality in patients because the 
plasma is frozen before being stored under cold conditions and used within less than six hours 
after thawing (SHC, 2010). However, the situation is very different for platelet concentrates treated 
by means of methods that only target nucleic acids: not only is it possible for some non-inactivated 
bacteria to proliferate for several days at room temperature, but some viruses can then also 
replicate using the translation machinery in platelets or other remaining cells (e.g. <106 residual 
leukocytes). 

Indeed, in a previous advisory report (SHC, 2011), the SHC pointed out that applying a 
photochemical method to platelet concentrates was not sufficient to make them entirely safe from 
any bacteria present at low yet clinically significant levels. Kwon et al. (2014) and Schmidt et al. 
(2015) also described the proliferation of bacteria in platelet concentrates after treatment with 
another photochemical method. It is plausible that the shade caused by the formation of 
aggregates as well as the platelets themselves may prevent the light from penetrating into the 
platelet concentrates sufficiently for the pathogens to be fully eliminated. 

The SHC has no knowledge of any studies on the viral contamination that may remain after 
treatment of the platelet concentrates14 with PRT methods that cover the entire storage period. It 
is probably not entirely clear yet what the consequences are of the existence of a translation 
machinery in platelets and/or residual leukocytes. 

                                                
14 Mohr et al. (2004) used nucleic acid testing to monitor the extent to which WNV was inactivated in plasma 
for transfusion. RNA could not be fully eliminated. Still, the short amplified sequence does not allow to 
deduce that any live viruses remain. Conversely, Aytay et al. (2004) have developed an alternative nucleic 
acid amplification method. These amplification techniques may not, however be used for all PRT methods 
to measure the residual infectivity (cf. Sagripanti et al., 2011).  
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In their assessment of a PRT method, Mather et al. (2003) found WNV in peripheral mononuclear 
cells and showed that there were productive infections in monocytes (see also Garcia-Tapia et 
al., 2006; Lanteri et al., 2014). Moreover, Bai et al. (2010) point out that WNV does not replicate 
in neutrophils. Monocytes make up 2 to 10 % of all leukocytes in the human body, whilst 
neutrophils are the most abundant leukocytes (40 % to 75 %) in mammals. Though it is not entirely 
clear yet which blood cells play a part in CHIKV infections, Her et al. (2010) have shown that 
monocytes too may be involved. Moreover, CHIKV is able to bind preferentially to platelets (Larke 
& Wheelock, 1970; Chernesky & Larke, 1977). Just recently, Sutherland et al. (2014) and Simon 
et al. (2015) provided proof-of-principle that infectious viruses may be produced in platelets stored 
in accordance with blood-bank procedures by quantifying the dengue virus throughout the storage 
period, in this case 7 days, these authors found that, at the end of this period, they contained up 
to four times more viral RNA. 
 
As a result, the SHC advises that independent comparative studies be conducted to determine 
the extent to which the infectivity of the WNV and CHIKV persists in platelet concentrates that 
have been subjected to PRT treatment and are stored for up to 7 days. For any thus validated 
PRT method, the exclusion period may be shortened and end after the viraemic phase.  
 
 
 
In order to inactivate WNV during the viraemic phase, PRT methods need to yield a full 
elimination of at least 6.5 log10 TCID50/mL of the infectious load, taking into account a safety 
margin of 3 log10 (see sections 3 and 5). For CHIKV, at least 10.7 log10 TCID50/mL must be 
achieved.  
 
A reduction performance of at least 3.7 log10 TCID50/mL of the infectious load, safety margin 
included, should reduce the amount of WNV and CHIKV after the viraemic phase, i.e. from 
the 12th day following the infection for WNV-strains, and from the 21st day for CHIKV strains. 
 
The SHC takes the view that the validated PRT-methods should fully reduce the residual 
infectious loads and advises that independent comparative studies be conducted to determine 
the extent to which the infectivity of the WNV and CHIKV strains persists in platelet 
concentrates that have been subjected to PRT treatment and are stored for up to 7 days. 
 

 
 
 

CONCLUSIONS 

The appropriateness of shortening the deferral periods for blood donation following the 
implementation of pathogen reduction technology on platelet concentrates against the 
chikungunya and West-Nile strains depends on a significant number of factors. In its assessment, 
the SHC focused on the following points in particular: the viral load that could be reduced by 
applying PRT, the duration of (maximum) viraemia in these donors, the proportion of 
asymptomatic infected donors, the lowest infectious load, the severity of post-transfusion clinical 
disease, as well as the possibility of achieving an equivalent reduction for any of the other 
components collected from the same donor or for another pathogen present in the same donor 
through co-infection. 
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As there is no validated PRT method for red blood cell concentrates available to date, this advisory 
report does not apply to concentrates prepared from whole blood. For double-apheresis platelets, 
the exclusion periods must be shortened in accordance with the most stringent reduction rate for 
the collected component. 
 
It is unclear what the lowest viral load is that should be considered infective when transfusing 
platelets, but it may lie below the detection limit achieved with individual nucleic acid testing. So 
far, no clinical consequences have been described following the transfusion-borne transmission 
of contemporary CHIKV strains. 
 
The SHC takes the view that the validated PRT-methods should fully reduce the residual 
infectious loads and advises that independent comparative studies be conducted to determine to 
what extent the infectivity of the WNV and CHIKV strains persists in platelet concentrates that 
have been subjected to PRT treatment and are stored for up to 7 days. 
 
In order to inactivate WNV during the viraemic phase, PRT methods should eliminate at least 6.5 
log10 TCID50/mL of the infectious load, taking into account a safety margin of 3 log10. For CHIKV, 
at least 10.7 log10 TCID50/mL must be achieved. A reduction performance of at least 3.7 log10 
TCID50/mL of the infectious load (safety margin included) should make it possible to reduce WNV 
and CHIKV after the viraemic phase.  
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