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Introduction
Preparative, as well clinical transfusiology was always and 

remains one of the greatest and highly respectable, important 
achievement of clinical medicine, saving the lifes of many millions 
directly, and rendering possibility for haemodialysis, TTP/HUS 
therapies, immunoglobulin supplements, etc. However, during the 
last one and half decade new pathogens appeared unexpedly on the 
scene, many of them were newly recognised, or just reconsidered 
that they are not limited to egzotic areas only, but can appear way  

 
up North or West moving into more developed countries. This cer 
tainly needs new epidemiological data analysis, donor screening, 
and new generation of inactivation procedures, many of them still 
to be developed. But most of all, these informations should be built 
into bedside clinicians approach, refreshed knowledge and skills 
are badly needed on clinical grounds, too. This paper has been pre-
pared by a clinical hematologist and transplant expert, and as such 
really feels the demand to adhere to this bulk of new data in every-
day approach to transfusion and their influence on clinical practice.

Abstract 

Preparative and clinical transfusiology and transfusion, a majestic part of clinical medicine saved and saves the life of hundred millions. 
However, times and pathogens are continously and rather quickly changig, so during the last decade many not only egzotic new or newly 
recognised pathogens and diseases were showed up, and some of them (e.g. Zyka virus, Hepatitis E vrus, Ebola, etc.) can also be transmitted 
by blood or blood component transfusions, and in some instances they escape from standard screening and inactivation procedures. Hereby 
we try to focus and draw attention to some of these potentially pathogen new bloodborne microbiological agents, and along with this we try 
to emphasize the significance of application of updated next generation screenig and inactivation procedures. Interestingly a recent British 
trial, based on large population data showed some evidence of slight increase of non Hodgkin lymphoma incidence in patients with multiple 
previous transfusions.

Our approach is purely a clinician one (clinical hematologist), bedside oriented. These new facts, knowledge and skills are badly needed 
for all of us: doctors (a broad, almost entire range of specialists), blood banking people, departments of epidemiology and also some special 
cohorts of patients: i.e. for the hemophiliacs and their family, who still receive plasma derived prophylactic treatment 3 times weekly. It is due 
time, that some especially endangered cohorts of patients and family should receive the necessary information, and go for a fully informed 
consent based preference, based on the advantages and hazards of particular treatment modalities.
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Bloodborne or Transfusion Transmitted Infections
History:Transfusion safety had been challenged in France, in 

the late 1980s, when previously cryoprecipitate (gained from 3-4 
donors) based hemophilia treatment [1-3] was switched to plas-
ma derived concentrates (gained from hundreds or thousends of 
donors per batch). These multidonor based plasma derived factor 
derivatives proved to be very efficient bleedingwise, however, the 
early period shortcomings of donor screening and inactivation re-
sulted in a large tragical series of HIV-AIDS and hepatitis C viral 
infections. These tragic events gave a push to quickly develop pow-
erful new donor screening and inactivation procedures, including 
donor interviewing (sexual and traveling habits, social surround-
ings, previous medical history, drugs,etc.), new viral screening, in-
cluding NAT methods, PCR and conforming community regulations 
like FDA or European regulatory agencies [1-3]. New series of inac-
tivation methods had been implemented including heat-dry meth-
ods, solvent-detergent approach, affinity chromatography, later on 
nanofiltration, and switch toward as much as possible leukodeplet-
ed products, the general standard became to apply at least minimal-
ly two approach for inactivation [1-3]. These interventions resulted 
in much better transfusion safety prettty soon, and seemingly min-
imalised blood borne infections issue. As new or newly recognised 
agents started to spread, it became more and more evident, that the 
aforementioned donor safety and inactivation seems to fail in some 
instances [3,4]. Traditional methods could not stop the prions, too, 
but thris paper does not deal with prion issue, as it is not a cenven-
tional pathogen.

New Infectious Agent Data and New Approach to Trans-
fusion Transmitted Diseases 

Bacteria: Low grade bacterial transmission during transfusion 
is the general rule with packed red blood cells. even if it is consid-
ered almost zero chance, the average number is 1 really disease in-
ducible pathogen transmission per 38500 packed red blood cells 
bag. Platelet is a different issue, due to differences in heat inacti-
vation procedures and short storage time, so the average number 
of pathogenic (clinically evident) bacterial transmission is 1 pro 
2000-5000 units of platelets [5-9]. If you consider that the average 
number of platelet units might be 4-10 in oncohematology or bone 
marrow transplanted, immunosuppressed patients, this danger is 
still quite high, and might claim for preventory steps at bedside, 
including avoiding of unnecessary platelet supplements [8,9].Ge-
ographical differences are quite substantial in bacterial transmis-
sion data and danger regarding continents, regions or particular 
countries. North America, Europe: Yersinia,Proteus, Pseudomonas, 
Escherichia, Klebsiella, Acinetobacter, Serratia, Gram-positives: 
Propionibacterium, Staphylococcus, Bacillus Enterococcus occa-
sionally. Japan: most frequent contamination Propionibacterium 
acnes. Netherlands: interestingly coagulase-negative staphylococ-
ci is the most common.Yershinia Enterocolitica can tolerate lower 
temperatures quite well, so may be persistent even after longer 
storage periods [5-9]. Bacterial transmission can be important is-
sue in interventions with unusually large transfusion need (liver 
transplantation, etc) so it should receive special care and attention 
[10].

Protozoons: Malaria: for the time beeing the estimated num-
ber of malariac patients should be at least 300 Million at our Globe. 
It is a well known tick-mosquito born infection, but blood trans-
fusion might also transmit this disease in endemic areas, i.e Benin 
when donors malaria falciparum frequency might even reach 30% 
etc.). Interestingly malaria transmission by transfusion should 
also be considered in non-endemic areas, like Spain [11,12]. FDA 
do recommends donor screening, and caranteens all for one year, 
who lives or travelled to malaria areas recently. Of course leuko-
depletion does not help in malaria trasmission prevention [8,11].
Babesiosis: similar to malaria, regarding tickborne spread (ixodus 
scapularis) and red blood cell involvement, but it runs more dan-
gerous and complex clinical course then malaria. No doubt, it can be 
transmitted with packed red blood cells, leukodepletion is useless 
in this respect. Severe cases one may see hemolysis, low platelet 
counts, and fatals cases are not so uncommon. FDA registered 70 
transfusion related babesiosis cases in the US, with 10 fatalities. 9 
of 10 fatal cases has been transmitted during the last three years, 
which, is a serious warning.Babesiosis tranfusion transmission is 
more likely with AIDS, immunosuppressed patients or even after 
splenectomy [2,13].Trypanosoma cruzi: Chagas disease: acute or 
chronic lymphadenopathy, splenomegaly. Endemic in some parts of 
Africa and Mexico. FDA registered 7 transfusion transmitted Chagas 
cases, donor screening needs special ELISA [1,9].

New Viral Transmisssion Data: Hepatitis A és E virus: both 
virus spreads basically on feco-oral route. Most E virus infection 
comes form pork products (raw or cooked). But in fact both virus 
can be acquired via transfusion, as well. Their common property is 
the resistance to plasma component fractionation and solvent-de-
tergent inactivation procedures. This paper focus on the less known 
hepatitis E virus. Subtype G1 and G2 typical feco-oral pathogen in 
developing countries, while G3 and G4E might be considered as zo-
onosis linked to pork meat products. To some surprise, hepatitis E 
viral infection is a frequent cause of acute viral hepatitis even the 
UK[14]. It is of critical importance that E virus might be transfu-
sion transmitted both in endemic and non-endemic regions, and 
now it is strongly recommended to perform routine E virus donor 
screening [15], a simple E virus antibody measurement does not 
seem to be enough for this purpose . E viral hepatitis might be mild 
or subclinical. New EASL guideline clearly states, that E viral heap-
titis might also be the leading cause of acute hepatitis in some of 
good GDP countries, as well. It may also cause renal, neurological, 
hematological alterations and complications [15,16]. EASL recom-
mends well cooked pork foods for immunosuppressed patients and 
compulsory hepatitis E virus NAT screening of donors[16,17]. It 
does not matter if they visited endemic regions or not. As vidara-
bin seems to be powerful and capable to get rid of hepatitis E virus 
disease, all these knowledge, precautions, and special diagnostics 
possess crucial importance.

Zika (Zyka) and Ebola Virus: Much frightened pathogens, 
both can be transmitted by transfusion. FDA implemented Zika do-
nor screening quite recently (in endagered donor population) and 
the fith donor proved to be positive [18].
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West-Nile virus (and USUV): West Nile virus is a typical 
tick-mosquito borne disease, but can also be transmitted via blood 
transfusion, too. Symptoms frequently mild, but some meningoen-
cephalitis cases have been reported mainly in immunosuppressed 
patients. It belongs to flavivirus strains, and can be detected with 
special NAT assay. If FDA register NAT positivity keeps the donor 
for 120 days away, than repeats the NAT [19,20]. USUV virus shares 
some properties with West nile virus,and shows cross reaction with 
West-Nile vírus NAT or PCR. It belongs also to flavivirus family. It 
is present in south and Central Europe, including Germany. Can 
be transfusion transmitted disease. Some USUV encephalitis cases 
were reported more recently in Italy [19,20].

TT Virus: name is not related to transfusion transmitted virus, 
but to the name of the first patients with the disease (Torque Teno). 
Its role is suggested but not completely proved in some chronic liv-
er diseases, and oncologic entitites. TT frequency is 17% in liver 
transplanted patients, and even more, 25% in cirrhotics.There are 
some data, on TT viruses, that they can accelerate liver disorders, 
increase the susceptibility to B viral coinfections. Some authors 
presume, that cryptogenic cirrhosis might be TT related. Few data 
suppert TT role in oral cavity malignant tumors [21,22].

SEN Virus: DNA vírus, which has 30% positívity in operated 
plus transfused patients, while only 3% in operated, nontransfused 
population. Their pathologic role in chronic liver disase seems 
uncertain. Nevertheless, it may reduce the efficiency of ribavirin 
treatment based antiV virus protocols [23].Dengue and chikun-
gunya virusBoth are endemic in Latin-America, can be transfusion 
transmitted (45 documented case), but transfusion transmission is 
limited to endemic areas only [2,3].

Parvo B19: A classical dog virus, usually does not harm hu-
man beings. But if viremia reaches high level it may cause aplastic 
anemia or pure red aplasia as the the virus is not lipid coated, sol-
vent detergent or methylene blue inactivation is not able to get rid 
of their presence in transfused blood or components. It may also 
cause fetal hydrops, so anti D immunoglobulins should be carefully 
selected considering this[1-4].

Cytomegalovirus: means a severe threat and danger (reacti-
vation) in deeply immunsuppressed or transplanted patients. It is 
linked to leukocytes. leukodepletion alone does provide cytomeg-
aloviral safety, donor seronegativity is also a must to achieve com-
plete safety [24].

Revision and New Standards of Donor Screening Diag-
nostics and Inactivation Procedures

Donor Selectioin, Interview: continuous refreshments of life 
style, diseases including newly described infections, tourism, sex-
ual, eating, social habits., Anything which might be even a little bit 
relevant should be in depth analysed, good to be keen on following 
different FDA attitudes and steps regarding transfusion safety [1-3].

‘Donor Diagnostics: old standards should not be ommitted, 
buti n addition to that to develop updated, valid, efficient technol-
ogies in diagnosis of new or potential pathogens, including mainly 
hepatitis E, parvo and cytomegalo sensitivity, TT/SEN virus detec-

tion are essential along with West-Nile/USUV in all (?), but malaria, 
babesiosis, Zyka, dengue also in selected cases [1-5,9,25].

Leukodepletion: A generally accepted principle, so it is im-
portant to enforce and speed up to became a standard general ap-
proach in all cases.

a) Virus/Pathogen Inactivation: First and second genera-
tion inactivation procedures remain still extremely important, but 
the implementation of new methods has to be done (many of them 
still to be developed) quickly. WHO (2016) recommended new gen-
eration Mirasol, Theraflex and Intercept methods are using chemi-
cal effects combiningUV applications. The latter three methods are 
licensed in Europe [2, 4, 13, 17, 25,26].Plasma derived factor con-
centrates, prepared from a large number of donors need special at-
tention, inactivation certainly needs more then two interventions, 
as a new standard [9,25].

b) E. Transfusion and Oncology: Transfusion induced 
cancer is a strange, astonishing new idea, interpretation certainly 
needs great caution, and should not interfere with life saving trans-
fusion activites.A UK paper was published quite recently. This com-
pared the long term outcome and cancer incidence of 1,3 Million 
women without tranfusion history, as opposed to 11274 females 
reeciving transfusions. None of the patients of the to group had pre-
vious cancer or precancerous condition to their best knowledge. 
Followup was divided into first and second five years observation 
period.They did not pay too much attention to the first five year pe-
riod, considering viruses, and liver cancer indirect relationship, and 
unknown preexisting precancerous conditions. Surprisingly more 
cancer cases were found in the transfused cohort during the sec-
ond five years, liver cancer risk was 1,45, non-Hodgkin lymphoma 
relative risk (including multiple myeloma) proved to be 1,74. They 
found the same correlation if only hip replacement surgery cases 
wer analysed [27].

Discussion andRecommendations
Clinical transfusiology and transfusion still remains one of the 

greatest achievements in clinical medicine.The historical boom of 
plasma derived clotting factor transmitted AIDS and hepatitis C in 
turn resulted in major stepforwards and advances in the safety of 
transusion, blood component disease diagnostics, donor screening 
and inactivation procedures. Following this efforts clinical transfu-
siology - using new standards – soon regained safety, even on large 
scales.But the last 10-15 years brought up quite a lot of new chal-
lenges (travelling habits, more immunosuppressed, transplanted 
patients). But other type of new challenges are quickly entering 
the scene: new or newly recognised pathogens, previously limit-
ed to egzotic region but spreading into North and West, which are 
at least in part can be transmitted by transfusions, too.These new 
pathogens induced disease are more and more well described, bet-
ter known, and no doubt their clinical importance was (and still 
is) clearly underestimated (Hepatitis E, etc). They can sometimes 
move from endemic to non-endemic region in a surprisingly speedy 
fashion.Probably the most important thing is to increase clinicians, 
bedside doctors awareness, to diagnose and adequately treat these 
conditions. This is especially true for doctors taking care for im-
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munosuppressed patients. Also to reduce the numbers of unneces-
sary transfusions, try to avoid multiple donor (factor) derivatives, 
if a synthetic compund is safely available. A new training of of the 
medical staff concerning needle stick incidental injuries needs to be 
tailored to new standards.Informed consent of the patients should 
be restructured accordingly, especially, when there are alternative 
treatment modalities available (i.e. plasma derived factors versus 
synthetic compounds).Blood banking has to face and solve new 
challenges in diagnostics and inactivation as soon as possible, and 
strive for continuos update.
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