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(Re)emerging infectious diseases
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A traveled world 
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A warmer world 

Eurosurveillance
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A world with changing human interventions
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A poorly known world

Source and route of HEV infection (Kamar et al, Lancet 2012)
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Zaaijer HL, Hepatology, 2015

Hogema et al 
Transfusion, 2014 
and 2016

An ever changing world
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Etablissement Français du Sang: 
The french transfusion public service 

Blood products delivered in 2015:

• Red blood cell concentrates: 2 415 230

• Platelets concentrates: 304 381

- Apheresis platelets concentrates: 130 509

- Whole blood derived platelets: 173 872

• Plasma : 353 977 

15 Regional Blood Banks.

• 12 in metropolitan France.

• 3 in overseas territories (Guadeloupe-

French Guiana, Martinique, Island of la 

Reunion-Mayotte)

Headquarters in Paris (St Denis, Paris)
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Preventing transfusion- transmitted infections

• Donor screening 
• Deferral of individuals with identified risk factors 

(infectious symptoms, lifestyle, eating habits, 
traveling, both personal and partner-related)

• Skin preparation
• Use of sterile bags (and outer bags)
• Diversion of the initial blood draw
• Pathogen detection
• Pathogen reduction
• Post-donation information
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Pathogen detection - 2016
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� HIV, HBC, HBV serology and NAT

� HTLV1 and 2 serology

� Syphilis serology

� Chagas and Malaria serology for at risk donors

� CMV serology for a fraction of blood donations

� HEV NAT for a fraction of blood donations (plasma)

� ZIKA NAT for Martinique and Guadeloupe blood 
donations  Production of pathogen-reduced blood products  - 2016

� Intercept® platelets (8% of transfused platelets): Alsace, 
Reunion Island, Martinique, Guadeloupe

� Intercept® plasma (20% of transfused plasma: pooled whole 
blood-derived plasma, apheresis plasma)
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Recent EFS responses to (re) emerging 
diseases occurring in France

� Hepatitis E virus 
� Chikungunya:
- Martinique, Guadeloupe and French Guiana, 2014

�Zika virus
- Martinique, Guadeloupe and French Guiana since January 2016

EFS responses to (re) emerging diseases 
occurring outside France:
� Differing travelers from affected regions 
� Participating to the EbolaTx study: plasma from Ebola 

convalescent donors to Ebola patients in Conakry, Guinea (Van 
Griesven et al, NEJM, 2016)
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• Hepatitis E virus (HEV) infection in France is mainly a zoonotic
disease and is usually an acute self-limiting disease

• However, HEV may cause chronic hepatitis with rapidly
progressive cirrhosis in organ transplant recipients and patients
with hematological malignancy, as well a fulminant hepatitis in
patients with chronic liver disease.

• Hepatitis E virus has been recognized since 2004 as a 
transfusion transmissible infectious agent

• Frequency of RNA HEV positive blood donations in France : 1
out of 2000 in 2013 (Gallian et al, EID, 2014). More recent data
suggests a higher frequency (close to 1/1000 donations )

Background

Occurrence of transfusion-transmitted
hepatitis E in France
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• 21 cases  of HEV-TT reported between 2006 and 2015, most since 
2012. 

• Viral phylogenetic analysis established transfusion imputability. 
• All cases are genotype 3 (mainly 3f) except for 1 (genotype 4)
• All type of blood products are involved: 

• red blood concentrates (n=5)
• platelet concentrates (n=9), including pooled whole blood-derived 

(n=5 + 1 Intercept®) platelets and apheresis (n=3) platelets)
• plasma (n=7), including solvent-detergent (SD)-plasma (n=4), 

Intercept® plasma (n=2) and quarantine plasma (n=1)
• Patients, aged 5 to 88 years old,  kidney (n=5) or liver transplants (n=3) 

and hemopathies mainly 
• All cases suspected by biological liver abnormalities (cholestasis or 

cytolysis),  for 2 a result of investigation from another case
• Spontaneous resolution in 12 patients
• Chronic hepatitis requiring ribavirine treatment in 9 patients, all 

immunosuppressed, and among which 2 patients developing  significant 
liver fibrosis.  

Transfusion-transmitted hepatitis E in France
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Transfusion-transmitted hepatitis E in France

• How frequently is HEV transmitted by an HEV-containing blood 
product?

• How protective is prior immunization? Are there genetically 
determined protective factors?

• Do we know all about HEV infection?; how sure are we about « low-
risk » patients?

• How severe can be chronic HEV infection? Are all HEV chronic 
infection accessible to treatment?
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Mansuy et al Hepatology, 2016

Anti-HEV IgG and IgM prevalence in France
Risk factors for seropositivity
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Mansuy et al Hepatology, 2016

Anti-HEV IgG and IgM prevalence in France
Risk factors for seropositivity

HEV risk factors:
� increasing age (p<0.001)
� eating:
- pork meat (p=0.03)
- pork liver sausages (p<0.001)
- game meat (p<0.01)
- offal (p<0.001)
- oysters (p=0.02).

HEV protective factor:
� drinking bottled water (p<0,02)
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• 21 cases  of HEV-TT reported between 2006 and 2015, most since 
2012. 

Transfusion-transmitted hepatitis E in France

HEV RNA testing
Real Star HEV RT PCR Altona (EUROBIO) : SD 95% = 23 UI/ml (WHO 

standard)
January 2013 to December 2014:

• SD-Plasma produced by the EFS (Bordeaux), 70 liter pool, 
100 apheresis plasma donations 

Since January 2015:

• A fraction (30%) of plasma (quarantine or Intercept) 
intended for high-risk patients:

� Organ and allogeneic HSC transplantation recipients

� Other severly immunosuppressed patients

� Patients with chronic liver disease

2016: Expanding HEV testing for at least a fraction of all blood
products is being considered
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• Risk prevention measures included: 

� detection of CHIKV RNA 

(individual NAT in dedicated 

arboviral laboratory in Marseille)

� 3-day quarantine combined with 

reinforced post-donation 

information 

� use of Intercept platelets

Chikungunya epidemic in the Caribbean in 
2014

• Individual NAT screening of 16269 donations identified 63 CHIKV positive 

donations (0.4%, with 1 to 2% at the epidemic peak) for which related blood 

products were discarded except for platelets transfused before NAT results. 

• A large majority of donors reported symptoms within 3 days after donation

• Intercept platelets from CHIKV positive donations were transfused to 10 

recipients with no clinical evidence for transmission. 
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CHIKV clinical cases / CHIKV-NAT ratio

Initation of CHIKV 

detection

At peak of the epidemic (June 
2014),  the estimated ratio 
between CHIKV positive blood 
donors and reported CHIKV 
clinical cases was of 1/1000.
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A critical issue: vector competence
- No autochthonous CHIKV cases in 

mainland France resulting from 
travelers returning from the Caribbean 
during the epidemic

- However, autochthonous CHIKV cases 
from a traveler returning from 
Cameroun
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Pre-existing measures :

• 3-day quarantine & enhanced post-donation information request

• Intercept® treatment for platelets

• Plasma for transfusion provided from mainland France 

Specific measures:

• Since Jan 4th 2016, RBC (and plasma) transfusion of pregnant women by 
blood products collected in mainland France

• Since Feb 15th 2016, implementation of an individual NAT ZIKV screening 
(dedicated arbovirus laboratory, Marseille) 

ZIKA virus outbreak in the America
TTI preventive measures in Martinique, Guadeloupe 

and French Guiana
Epidemic state since late January (Martinique, French Guiana) and April 
2016 (Guadeloupe)
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ZIKA ID-NAT screening
Semi automated individual NAT Screening platform (RealStar® Zika Virus RT-PCR 
Kit) in a dedicated laboratory in Marseille. Estimated analytical sensitivity: LOD90% = 
140 copies/mL (*with reference to the European Virus Archive Zika standard#1 
(strain H/PF/2013)
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Percentage of RNA ZIKV positive in blood 
donations collected  in Martinique 
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Between Jan 19 and Apr 18-2016:  4,406 donations 
tested

� 46 donations ZIKV RNA positive

- Martinique: 42 / 2,642 donations (1,59%) positive

- Guadeloupe: 4 / 1,764 donations (0,23%) positive
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EU (ECDC) recommendation: donors who have had a sexual contact with 
a man who travelled or lived in a Zika-affected during the 3 (to 6) months 
prior to the sexual contact may only give blood after at least 28 days after 
the last sexual contact.

Recommendation implemented in mainland France (and Réunion island) 
since May 15th

Risk assessment (Santé Publique – France):
• Blood donation by a Zika positive donor resulting from a sexual 

transmission in mainland France: 1/0,49x10E6 to 1/11,6x10E6 (6/year to 
1/4 years)

• Transfusing such a blood product to a pregnant women: 1/90 to 1/2100 
years 
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Anticipating (re)emerging infections to ensure 
blood safety

• Assessing the risk of transfusion-mediated disease 
transmission 
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Assessing the chikungunya transfusion risk

Despite presence of CHIKV virus in the blood of infected asymptomatic blood 
donors and animal models suggesting that intravenous inoculation is able to 
transmit infection, there has been no reported case of transfusion-transmitted 
CHIKV disease word-wide yet.

� Insufficient investigations?

� Difficulty to identify transfusion-transmitted CHIKV infections in a CHIKV 
epidemic setting ? 

� A viral load in pre/asymptomatic donors inauspicious to blood CHIKV 
transmission?

� A rapid appearance of  IgM Ab in infected (asymptomatic) donors  and/ or  a
rapid increase in the % of  CHIKV immunized transfusion recipients?

� Modulation of infectious virulence in relation with blood products 
manufacturing and storage?

� A less efficient direct blood transmission compared to an arthropod (saliva) -
mediated transcutaneous transmission?
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Anticipating (re)emerging infections to ensure 
blood safety

• Assessing the risk of transfusion-mediated disease 
transmission 
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Anticipating (re)emerging infections to ensure 
blood safety

• Assessing the risk of transfusion-mediated disease 
transmission 

During a large epidemic of DENV-4 infection in Brazil:
- > 0,5% of donations were RNA positive
- 37,5% (95%CI, 15,2%-64,6%) of RNA positive blood donations 

transmitted the DENV-4 to the recipients
- No significant differences in symptoms and mortality

between cases and controls
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Anticipating (re)emerging infections to ensure 
blood safety

• Assessing the risk of transfusion-mediated disease 
transmission 

• Most spirochetemic patients are symptomatic
• Defering individuals with recent tick bites, where 

implemented, may further eliminate a proportion of 
spirochetemic donors

• Spirochetemia is relatively short-lived 
• Viable spirochetes present in whole blood may be as 

low as 1 spirochete/10 mL
• Host-adapted B. burgdorferi may not survive well under 

blood storage conditions.
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Anticipating (re)emerging infections to ensure 
blood safety

• Assessing the risk of transfusion-mediated disease 
transmission 

• Deferring at risk donors
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Anticipating (re)emerging infections to ensure 
blood safety

• Assessing the risk of transfusion-mediated disease 
transmission 

• Deferring at risk donors

• Introducing a 2 to 3 day quarantine combined with 
enhanced post-donation information

Enhanced post donation information, combined with a 
72 hours quarantine, can potentially reduce up to 75 

% the risk of transfusing a CHIKV+ blood product. 
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enhanced post-donation information

• Pathogen detection 
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Pathogen detection:
• Testing whole blood donation : 100% RBC, 90% 

plasma and 60% platelets (in France)
• Requires individual technologies for each pathogen 
• Varying sensitivity depending on technology and 

pool size
• A window period during which detection is 

impossible
• Costly
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Pathogen detection:
• Testing whole blood donation : 100% RBC, 90% 

plasma and 60% platelets (in France)
• Requires individual technologies for each pathogen 
• Varying sensitivity depending on technology and 

pool size
• A window period during which detection is 

impossible
• Costly (example: HEV testing for all blood products 

in France: > 4M euros/year)
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Pathogen reduction :
• Efficiently neutralizes a large variety of pathogens:  known, 

emerging, remerging or unknown
• No window period
• “One for all” at risk situations (almost) 
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Pathogen reduction :
• Efficiently neutralizes a large variety of pathogens:  known, 
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• No window period
• “One for all” at risk situations (almost) 

Blood, 2014

Transfusion, 2016

Transmission of Plasmodium by whole blood treated with the Mirasol
pathogen reduction technology system

Lancet, 2016
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Anticipating (re)emerging infections to ensure 
blood safety

• Assessing the risk of transfusion-mediated disease 
transmission 

• Deferring at risk donors

• Introducing a 2 to 3 day quarantine combined with 
enhanced post-donation information

• Pathogen detection 

• Pathogen reduction 

Pathogen reduction :
• Efficiently neutralizes a large variety of pathogens: known, 

emerging, remerging or unknown
• No window period
• One for all at risk situations (almost)

• Not (yet) available for RBC
• Induces qualitative and quantitative alterations 

• Lesser hemostatic efficacy of pathogen-reduced platelets? 
• Less hemostatic proteins in pathogen-reduced plasma

• Very costly
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Anticipating (re)emerging infections to ensure 
blood safety

• Assessing the risk of transfusion-mediated disease 
transmission 

• Deferring at risk donors

• Introducing a 2 to 3 day quarantine combined with 
enhanced post-donation information

• Pathogen detection 

• Pathogen reduction 

• Allocating available resources in due proportion of 
the health risk
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The ultimate anticipation for (re) emerging 
diseases ?
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