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Transfusion ServiceTransfusion Service

Diverse range
of Tests

Manufacturing 
Process

Patient related 
services

Conformation to
Regulatory auth

Social Angle
Donors

Look back &
haemovigilance



1492 – Transfusion 
for Pope Innocent VIII

1665 Animal to Man 
transfusions

1818 – Blundell



Giant Strides

1901 – ABO blood groups
1907 – Crossmatching
1908 - Coombs
1914 - Anticoagulants
1926 – British Blood    

transfusion 
service
1939 – Rh system
1940 – Cohn –
fractionation
1960 – Plasmapheresis
1971 – HBV screen
1999 – NAT Testing



What’s emerging –
and how relevant is it to our needs?



What’s New on the donor Front

Efforts to retain and maintain repeat 
donors



American Red cross

Donor 
Haemovigilance
program

Donor reactions 
inventory



Predictors of faint and hypotensive
reactions  (Transfusion sept ’08)

> 4,00,000 donor records
Reaction prevalence – 1.43%
Markers most predictive – blood 
volume <3500 ml, age (17 -24 yr old), 
first time donors
Potential interventions  to 
reduce these reactions 
discussed



Blood Donation Reaction Inventory

Yields important information regarding  
donor’s experience

Likelihood of repeat donation can be 
predicted

Ongoing assessment of this 
instrument suggested



Processing of Blood  / 
Components







Leukodepletion – production side / in 
line

Integral filter 
bags

Double filter
bags



Indications / advantages

Immunomodulation
Decreased HLA alloimmunisation
Decreased FNHTRs
Decreased post surgical infections
Decreased hospital stay



Advantages of prestorage
leukodepletion

All Advantages of leukodepletion

Plus – prevents accumulation of 
biological response modifiers and pro 
inflammatory cytokines  such as –
IL1, IL6, TNF etc



Cell Salvage



Cell Salvage

Particularly relevant in massive blood 
loss

Jehovah’s witness patients  



Nucleic Acid Testing – HIV, HBV 
and HCV

Decreases window period donations

Indian Data  - IJMR Feb 2008 –

Yield - 8 / 12224
Overall positivity – 1/1528 donations
HIV - 1/ 12224
HCV  / HIV 1 co infection- 1/12224
HBV – 1/2037 





Bacterial sepsis

How big is the problem?

American Red cross reports – 1: 15000 
prior to strategy introduction

1: 50,200 after culturing of PRCs
introduced

Introduction of diversion pouches –
lowered (unpublished)



The Diversion Pouch



Bacterial contamination

Introduction of sample diversion 
pouches reduced the rate of 
confirmed positive cultures from 
platelets from 1: 474 to 1:1036 per 
million  (Transfusion Nov 2008)



Pathogen reduction

Emerging pathogens still represent a 
serious challenge - eg West Nile virus in 
the US, Chikungunya virus in the Indian 
Ocean. 

In addition bacterial contamination, 
particularly in platelets, and protozoa 
transmitted by blood components still 
represent sizeable risks in developed 
countries 



Unexpected visitors



Pathogen Inactivation

A solvent-detergent method that is used for 
plasma (solvent: tri-n- butylphosphate; detergent: 
Triton X-100). 

Inactivates enveloped viruses such as HIV, 
cytomegalovirus, hepatitis B and C, Epstein-Barr 
virus, and human T-cell lymphoma/leukemia virus

Does not inactivate non enveloped viruses such 
as hepatitis A and parvovirus B19, spores and 
prions.

Toxicity concerns

Cost effectiveness 



Amotosalen HCl (S-59) Mechanism of action for leukocyte inactivation. Amotosalen
HCl (S-59) is a positively charged amino-p psoralen that intercalates into helical 
regions of DNA and RNA. In the absence of photoactivation, S-59 remains in a dark 
equilibrium with the nucleic acid. With UVA illumination, covalent monoadducts are 
formed between S-59 and pyrimidine bases. Addition of a second photon results in 
the formation of covalent diadducts or crosslinks. Viruses, bacteria, protozoa, and 
leukocytes containing sufficient numbers of monoadducts or crosslinks are unable to 
replicate or undergo repair. (BMT 2004 (3))

Psoralen / Amotosalen



Riboflavin + UV
Effect of UV light only: 
reversible inactivation
-has been shown to cause 
changes in the nucleic acids 
of pathogens so they cannot 
replicate. 

UV light + riboflavin: 
irreversible inactivation
Riboflavin  forms complexes 
with nucleic acids of 
pathogens.
Exposure to UV light 
activates the riboflavin in the 
complex and causes a 
chemical alteration to 
functional groups of the 
nucleic acids (primarily 
guanine bases), making 
pathogens unable to replicate. 



Pooled plasma

Pathogen reduction of pooled plasma 
products has virtually eliminated the risk of 
transfusion transmitted infections, without 
compromising the quality of the products 
significantly. 



Blood components

Solvent detergent treatment  successfully applied 
for plasma products dissolves cell membranes, 
and can, therefore, only be applied for plasma and 
not for cellular blood components.

Targeting of nucleic acids - the only approach 
possible for cellular blood products.

15 year's track record, solvent detergent treatment 
of pooled plasma can yield high quality plasma. 



Plasma

Methylene blue light treatment of single donor 
plasma - is less well documented and affects 
coagulation factor activity more. 

Psoralen light treated plasma has only recently 
been introduced (CE marked in Europe, but not 
licensed by the FDA)

Riboflavin light treatment of plasma still is under 
development.

Some reduction of coagulation factor activity. 



Platelets and red cells

For platelets only Psoralen and Riboflavin light treatment 
have been implemented.

Affect platelet activity, but clinically acceptable platelets with 
only slightly reduced CCI and increased demand for platelet 
transfusions.

Pathogen reduction of red blood cells with FRALE (S-303) or 
INACTINE (PEN110) has so far resulted in the formation of 
antibodies against neo-epitopes on red blood cells. 

A promising method for Riboflavin treatment of red blood 
cells is under development. 



Weighing in on the issues



? Cessation of current tests

Screening tests for agents of low infectious titre and high log 
kill by PI. For example, West Nile virus (WNV).

Screening tests for agents  sensitive to PI and for which 
redundant safety measures are in place, such as 
cytomegalovirus, HTLV, and hepatitis B core antibody (anti-
HBc).

Screening tests for agents that are exquisitely sensitive to PI 
and for which the current tests have poor specificity and 
sensitivity, such as bacteria.

γ irradiation of cellular blood components could be 
eliminated if nucleic acid-targeted PI technology were 
introduced.
Possibly eliminate the risk of transfusion-associated graft-
versus-host disease



What criteria would allow a decision not to 
implement new screening tests for agents 
susceptible to pathogen inactivation?

Unless of unusually high infectious titre.

Should reduce the pathogen load in a blood 
component by 6–10 logs as measured with 
appropriate isolates in an in vitro assay of 
infectious units 

In certain cases, virus-infected primate models 
may be desirable to define the efficacy of PI 
treatment in transfusion-mediated transmission



Immunohaematology

Blood grouping, Antibody screens etc



Great strides

From Tile to Tube to Microtitre to CAT

Antisera

Definition of Phenotypes (eg D VI)



Common heart aches ……

A wrongly reported group

A wrongly identified sample

A wrongly interpreted crossmatch

Variations in grading of reactions



And more……..

Carry over from a previous sample –
pipette not changed

Improper red cell suspension

Wrong reagent added – wrong 
interpretation

Wrongly transcribed group



With even the best….

Errors continue

Automation – an effort to reduce 
variability in testing and greater 
standardization



Is it relevant to my blood bank?Is it relevant to my blood bank?

Workload analysis

Complexity of tests

Current turn around time?

Staff competence

QA and performance in EQA



Considerations in instrument 
selection

Platforms and test methods

Tests to be automated

Stat testing facility

Back up in case of failure



Considerations contd

Routine turn around time

Cost and ease of operation

QC/ QA requirements

LIS interfacing capacity



Considerations contd

Validation and training capacity

Service capability of vendor

Maintenance and service agreements

Failure rates / down times



What platforms can be automated?

Microtitre

Column agglutination

Solid phase adherence



AutomationAutomation

Total

Modular



Each of these ….

Fully automated

Semi automated



Other AreasOther Areas

Donor Data – crucial

Link to donation – grouping  - recheck 
– delta check for results

Link to infectious disease – label 
generation

Link to issue



Bedside Transfusion PracticeBedside Transfusion Practice

Link to RFID

Wrist Band / unit barcode to be linked

Timings tracked

Transfusion reactions reported



Advantages of AutomationAdvantages of Automation

Standardization of processes
Uniformity of processing
Traceability
Predictable turn around times
Decreased error rates
Decreased labour
Cost savings
Quality patient care



Traceability

Greater quality assurance

Can be linked to HIS

Greater Biovigilance



History is the only laboratory we 
have in which to test the consequences 
of thought 



Antibody screening , ID and 
phenotype

100 of 5000 ANCs

50% Rh Positive

Almost 50% of Rh negatives – Non D 
abs



Molecular Immunohaematology
Practice - applications

Goal – To improve safety and efficacy

Decrease of delayed haemolytic
transfusion reactions

Antigen match RBCs - Dry Matching



Microarrays

http://3.bp.blogspot.com/_5sEVvUAk-IA/SYpptlps18I/AAAAAAAAAHw/YyBCqSwAm9o/s1600-h/SNP+variation+identification+platform.jpg


Applications

Genotypic designation of homozygosity in 
certain sensitive blood group systems – eg
Rh, Fy,  - to prevent sensitization

Molecular Weak D testing in pregnancy

Neonatal ABO typing by molecular 
methods (no reverse typing possible)



Pregnancy

Improving detection methods of D 
alloimmunization ? By measuring T 
cell responses



Databases

Mass blood group genotyping –
extended donor database

“Dry Matching”



And More….

Could lead to identification of Immune 
response genes for specific blood 
group antigens

Minute changes in structure of 
antigens which might contribute to 
regulation of auto vs alloimmunization



Bob sees Evie walking toward him, and so he waved hello. 



“Coming together is a beginning. 
Keeping together is progress. 
Working together is success.”

Henry Ford (American industrialist and pioneer of the 
assembly-line production method, 1863-194

http://thinkexist.com/quotation/coming_together_is_a_beginning-keeping_together/146314.html
http://thinkexist.com/quotation/coming_together_is_a_beginning-keeping_together/146314.html
http://thinkexist.com/quotation/coming_together_is_a_beginning-keeping_together/146314.html
http://thinkexist.com/quotes/henry_ford/
http://thinkexist.com/nationality/american_authors/
http://thinkexist.com/birthday/july_30/
http://thinkexist.com/birthday/april_8/


Clinical laboratory interface



Rational use of blood

Forming / adaptation of Existing 
guidelines

Education and Networking

Advocating use and preparation of 
components



Thromboelastograph

•Blood is added to a cup that is Oscillating 
a pin that is in the cup translates the oscillating torque to 

a measuring system which is traced as above. 
Clot activation by Kaolin



Normal TEG pattern



Mild deficiency of Factors, 
Fibrinogen
FFP and Cryo only if Bleeding



Hyperfibrinolysis

Use Antifibrinolytic substances –
Aprotinin (Trasylol), Tranexamic acid 
(Transamin)
Cryo – if Fibrinogen is too low.



Haemovigilance including Donor 
look back services



Haemoglobin based Oxygen 
Carriers

Have been in the pipeline for many years –
as a response to a social construct?

Major problem – Toxicity of the HBOCs

Minimally purified glutaraldehyde
polymerized bovine Hb agglutimer

PEG conjugated Tetramer – MP4



Consequently, the HBOCs being clinically tested today 
have been chemically or genetically “engineered” to 
produce desirable oxygen offloading characteristics and 

an extended circulation half-time in order to become a
therapeutically useful agent. 



Intramolecular cross-linking:

Preventing the Hb tetramer's 
dissociation is a major concern in 
order to suppress renal filtration.



Polymerization:

The increase in size prevents the rapid 
excretion of the  molecule, prolonging the 
Hb plasma half-life. Unpolymerized Hb
tetramers have, however, the  unfortunate 
result of generating excessive viscosity, 
oncotic pressure, and O 2 affinity



Conjugation:

The intravascular circulation time of a 
HBOC is extended by conjugating Hb
with a macromolecule. 



Encapsulation

The encapsulation of Hb is based on 
the idea of recreating the natural 
properties of RBC without the 
presence of blood group antigens. 

The alteration of the bilayer
membrane may allow for the better 
diffusion of O 2 and CO 2 .



Blood, 1 December 2008, Vol. 112, No. 12, pp. 4362-4363.

Lu and colleagues describe a new 
method to differentiate human 
embryonic stem cells into large 
amounts of mature red blood cells 

Lu and colleagues 2011 – production 
of the same



HLA

Vital from a transplantation point of 
view



Complement mediated 
lymphocytotoxicity



Gel picture (PCR SSP )



What Next?

How High an allelic resolution is 
needed?

Is SBT the way to go?



Anti HLA antibodies -Serial dilutions



Differentiating techniques

DTT – Dithiothrietol crossmatch

Breaks the disulphide bridge

ELISA



ELISA



Flowcytometric crossmatch



Luminex platforms

Lambda Array Bead Multi- Analyte
System

Array of microspheres
Advanced flow analyzer

Color-coded microspheres
Up to 100 different colored beads are 
combined into a single tube

Fluorescent interactions occur and 
are detected on the surface of the 
microspheres



Principle of LABMAS

••MicrosphereMicrosphere sets presets pre--conjugated with a specific targetconjugated with a specific target



Using this Method, and Two Dyes,
100 Individual Beads can be Resolved



MICB
HLA B

Present on
Endothelial Cells, 
not lymphocytes

Chromosome 6
MICA

HLA C
MIC C

MICD
HLA A

MICF

MIC  Loci,  1994, Barham

57 
alleles18 

alleles
69 MIC publications: 2003-2005



Minor HLA antigens
Donor dendritic cells 
can prime recipient T cells 
for minor H peptides bound 
to shared MHC 

Activated T cells can be 
triggered by donor tissue 
cells (usually class I 
expressing) 



Petrik 2011

Arrays
Particles
Biosensors
Lab on chip/integrated miniaturized 
systems
NAT

http://www.sciencedirect.com/science/article/pii/S1473050211000899#sec2
http://www.sciencedirect.com/science/article/pii/S1473050211000899#sec3
http://www.sciencedirect.com/science/article/pii/S1473050211000899#sec4
http://www.sciencedirect.com/science/article/pii/S1473050211000899#sec5
http://www.sciencedirect.com/science/article/pii/S1473050211000899#sec5
http://www.sciencedirect.com/science/article/pii/S1473050211000899#sec6


21 Year old lady

Bleeding gums – 2 days

Fatigue – 1 week

Pancytopenia – 2 weeks



Hb – 5 gm%

TC- 1500 / cmm

Platelets – 25000 
/cmm



Diagnosis?



Any other investigations?

Cytochemistry….

Tests of coagulation?



Thresholds for transfusion?

Does she need platelets?

Does she need FFP?

Does she need cryoprecipitate?



Case 6

67-year-old woman with a 20-year history of type 2 diabetes 
mellitus - admitted for exacerbation of her peripheral 
vascular disease.

Revascularization procedure of the right leg  - failed in the 
immediate postoperative period, necessitating a below-the-
knee amputation – many years ago

. 
2 months prior - nonhealing ulcers of the left lower extremity. 
Arteriogram - diffuse arterial disease. A left femoral-anterior 
tibial artery graft was placed. 

Prophylactic anticoagulation with heparin was administered 
at every admission



Post op

First postoperative day -cyanotic and short of 
breath 

She was resuscitated and did well until the 10th 
postoperative day, when progressive cyanosis of 
both hands was noted. 

The laboratory was requested to evaluate the 
patient for acute disseminated intravascular 
coagulation (DIC). 

Laboratory studies at that time showed the values 
listed





? DIC

Do the results of the laboratory studies 
indicate a diagnosis of acute DIC? 
What other diagnoses should be 
considered? 
What additional testing would you 
recommend to establish your alternate 
diagnoses? 



Low platelet count ? cause

Although the platelet count is decreased and the D-dimer
concentration is elevated, the remainder of the coagulation 
studies do not support a diagnosis of acute DIC. 

?PE

Review of the chart indicated the patient continued to 
receive subcutaneous heparin through-out her hospital stay. 

Cyanosis of the hands  ? an indicator of vascular 
compromise/ thrombosis of the upper extremities related to 
heparin-induced thrombocytopenia (HIT). 



HITT diagnosis -

A greater than 50 percent decrease in the 
platelet count from baseline (pre-heparin) in 
association with exposure to heparin. The 
platelet count should be monitored at least every 
other day (q. 48 hours) in patients receiving 
heparin. 

A decrease in the platelet count to <100,000/µl 
associated with exposure to heparin. 

Evidence of a new thromboembolic event 
(venous or arterial) while the patient is exposed 
to heparin. 





diagnosis

The platelet aggregation method is the 
most widely used functional assay. It is 
based on the observation that adding 
patient platelet-poor plasma (as a source of 
immunoglobulin) to normal platelet-rich 
plasma in the presence of heparin can 
induce platelet aggregation. 



45 year old woman – Previous history 
of a GI malignancy

Fever

Unwell for 2 days

Appeared Anaemic. 
Previous day Hb OK

Request for 2 RBC 
units



Clostridial sepsis

Lecithinase induced haemolysis

Immediate intervention required

Clinician contact and Delta checks 
- Vital



If a man does not keep pace with his 
companions, perhaps it is because he 
hears a different drummer. Let him 
step to the music which he hears, 
however measured or far away.
Henry David Thoreau

http://www.brainyquote.com/quotes/quotes/h/henrydavid141463.html
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