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The Shroud of Turin is an approx-
imately 14 feet by 3.5 feet linen cloth 
that bears the image of a man that has 
been beaten, scourged, and crucified.  
Here, the scientific evidence for the 
presence of human blood on the 
Shroud is evaluated, with particular 
emphasis on the methodology used to 

support various conclusions, including 
blood typing and species classification.  
The data are specifically considered 
within the context of immunology as 
many of the experimental techniques 
used to study the bloodstains on the 
Shroud utilize products of the im-
mune system as experimental tools in 
their design. Moreover, the bloodstains 
themselves represent cellular and fluid 
components of a once functioning im-
mune system and provide clues to 
their origin. 

 
Introduction 
   The Shroud of Turin is so named 
because it is proposed to be the burial 
cloth, or shroud, that wrapped the body 
of Jesus following crucifixion; and since 
1578, the cloth has resided in the town of 
Turin, Italy (1).  The history of the Shroud 
from the 14th century to the present has 
been well documented, including a fire in 
1532 which resulted in numerous burn 
holes, water stains, and subsequent 
repair patches throughout the cloth (2). 
In 1898, interest and controversy about 

the Shroud increased when an amateur 
photographer, Secondo Pia, noted while 
developing black-and-whites images of 
the Shroud that the negatives revealed a 
strikingly lifelike portrait of a body, with 
remarkably detailed features, especially 
around the face (Figure 1). 
  

   In the late 1970s, a multidisciplinary 
team of over twenty scientists, the 
Shroud of Turin Research Project, or 
STURP, spent five days examining and 
documenting the Shroud in great detail, 
studies which remain among the most 
referenced.  In 1981, in its final report, 
STURP wrote: "We can conclude for now 

that the Shroud image is that of a real 
human form of a scourged, crucified man. 
It is not the product of an artist. The 
bloodstains are composed of hemoglobin 
and also give a positive test for serum 
albumin.  The image is an ongoing 
mystery and until further chemical 
studies are made, perhaps by this group 
of scientists, or perhaps by some 
scientists in the future, the problem 
remains unsolved."(3). 
   Here, the findings from the original 
scientific proceedings and articles on the 
blood studies are evaluated, with the 
intention of striking a balance between 
engaging readers with varying degrees of 
scientific background, and at the same 
time, providing sufficient detail to 
illustrate the nuances among different 
immunological techniques and principles.  
Specific attention is given to the blood 
typing data and evidence for the blood 
being of human origin.  

Bloodstains on the Shroud 

   Numerous blood markings are present 
on the Shroud, which correspond to the 
wounds of a man that has been tortured 
and crucified.  Bloodstains are evident 
about the head area, the wrists and the 
feet (Figure 2), the side, and the back 
(1,4).  Each individual blood wound 
shows a distinct serum clot retraction 
ring; such blood halos are only visible 
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Figure 1.  Positive and negative images of the Shroud of Turin.
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Figure 2. Bloodstains on the arms and 
wrist (left); and bottom of the feet (right).   

 
under ultraviolet light (5), a detail that a 
forger is unlikely to have been familiar 
with.  Over ten different chemical tests 
have established that these markings are 
indeed bloodstains, and contain specific 
blood components, including hemoglobin, 
bilirubin, and albumin (6).  These data 
have been extensively reviewed elsewhere 

(5, 7-9). 

   In one of the last interviews Heller and 
Adler gave on their Shroud blood studies, 
shortly before Heller’s death, Adler stated 
that “the most interesting thing is now 
there is immunological evidence that it is 
primate blood.” (10). While chemical 
studies may determine that blood is  

 
indeed present, they cannot distinguish 
animal blood from human blood or 
discern between blood of different 
individuals.  Immunological studies 
provide a level of specificity that chemical 
data cannot, which is the focus of this 
review.  Those with a scientific back-
ground, particularly in the field of 
immunobiology, may wish to go straight 
to the sections dealing with specific 
Shroud studies.  For those with a lesser 
scientific background, numerous illus-
trations are included to help clarify the 
methods described in the text.   
 
The Immune System: Antigen and 
Antibodies 
   Molecules that elicit an immune 
response in the body are referred to as 
antigens (from the term “antibody 
generator”).  In general, any molecule not 
expressed in an individual is interpreted 
as foreign or antigenic, and will stimulate 
a response (Figure 3, left). Hundreds of 
millions of different antibodies, or 
immunoglobulins (Ig), exist within in the 
immune system; such diversity allows 
reaction with an untold number of 
conceivable antigens (11,12).  Antibodies 
may also be generated in animals (for 
example, mice or rabbits), for use as tools 
in specific experiments (Figure 3, right).  
The specificity of a particular antibody is 
indicated after the word anti-, for example 
antibodies specific for ragweed antigen 
would be written as anti-ragweed.  The 
particular species the antibody was 
produced in is written before the word 
anti; for example, rabbit anti-ragweed 
indicates that the antibodies were 

generated in rabbits.  
 
  Structurally, antibody molecules consist 
of two chains: a smaller chain (the light 
chain) and a larger one (the heavy chain), 
(Figure 4 top).   Together, the heavy and 
light chains create an antigen-binding 
site, or pocket (Figure 4 top).   
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Figure 3. Stimulation of antibody (im-
munoglobulin) production.  Hundreds of 
millions of different antibodies exist in the 
immune system, each specific for a particular 
antigen.  When antigen enters the body, 
production of those specific antibodies is 
greatly increased relative to others that are 
present.  See text for details.  

 
The basic antibody structure contains 
two identical antigen-binding pockets per 
molecule, which are specific for a 
particular antigen (Figure 4, bottom).  
Five major classes of antibody are 
produced in the body, only two of which 
will be highlighted here: Immunoglobulin 
M (IgM) and Immunoglobulin G (IgG).  
IgM molecules are produced during an 
initial immune response and have a 
pentameric structure (five identical 
antibody molecules joined together), 
creating a total of 10 identical antigen-
binding sites, (Figure 5), (12). In contrast, 
IgG molecules are produced during a 
secondary immune response (upon fur-
ther stimulation by antigen), and are 
dimeric (Figure 5), containing two an-
tigen-binding sites, similar to the basic 

antibody molecule depicted in Figure 4.  
The formation of immune antibody:anti-
gen complexes is the basis for many 
immunological tests.  When intact, 
antigen-bearing cells are used, antibody 
is added to establish multiple crosslinks 
between neighboring cells, resulting in 
agglutination (clumping).    
           

 
 

 
Figure 4. Basic antibody (immunoglobulin) 
structure and specificity.  Top-Heavy and 
light chains fit together to create an antigen-
binding site (pocket).  Bottom-Antigen:antibody 
binding is specific.  Similar to a lock and key 

interaction, antigen and antibody only react 
when the binding pocket fits the particular 
antigen in question. 

 
IgM is ideal for this because of its many 
antigen-binding sites.  Agglutination is 
useful in the immunological test for blood 
typing (see below).  For antigens not 
attached to intact cells, immune 
complexes may be detected 
microscopically by labeling the antibody 
with a tag that either fluoresces or 
changes color. 
 
Immunological tests confirm the 
presence of (human) blood components 
on the Shroud    
Serum albumin and immunoglobulin (Ig) 
are two major circulatory proteins that 
are commonly evaluated to determine the 
presence of (human) blood in forensic and    
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Figure 5. Structure of IgM and IgG classes 
of antibody.  IgM contains ten identical 

antigen-binding sites; IgG contains two.  
 
archaeological samples.  In the early 
1980s, Heller, Adler, and colleagues used 
labeled antibody reactive with human 
albumin to immunologically probe for 
blood components on the Shroud (5,13).  
For these studies, anti-albumin 
antibodies were labeled with a fluorescent 
tag and added to slides containing sticky 
tape samples taken from both 
bloodstained and unstained (control) 
areas of the Shroud and examined 
microscopically (Figure 6, top).  Any 
observed fluorescence should result from 
the labeled antibodies (rabbit anti-human 
albumin) binding to antigen (albumin) 
present in the sample (Shroud fibers).  
Samples taken from bloodstained areas 
were positive for fluorescence, whereas 
those obtained from unstained areas were 
not, suggesting that human blood 
products were indeed present in marked 
areas of the cloth.  To confirm antigen 
specificity, the ability of antibody to react 
with albumin of various species was 
examined.  No reactivity was observed 

between (anti- human) albumin antibody 
and albumin synthesized in cow, pig, or 
horse (10,13).  In contrast, chimp antigen 
(albumin) reacted almost as strongly with 
labeled antibody as human albumin did, 
which is not entirely unexpected given 
that human and chimpanzee albumin 
differ by only six out of 580 amino 
acids(14,15).  

 

 
Figure 6. Immunochemistry techniques.  In 
the direct method (top), antibody containing a 
fluorescent tag is incubated with antigen 
immobilized on slides.  Nonspecific antibodies 
serve as a negative control (middle).  In the 
indirect method (bottom), unlabeled antibody is 
reacted with antigen immobilized on slides, 
followed by labeled secondary antibody that is 
specific for the primary antibody.  See text for 
details. 
 
    Baima Bollone and colleagues evalu-
ated the presence of human Ig on the 
Shroud using fluorescence-labeled an-
tibody techniques, similar to those 
described above for albumin studies (16-
18).  Here, samples of linen fibers were 
obtained by mechanically separating out 
warp and weft threads from the Shroud.  
Because differences exist between Ig 
synthesized in distinct species, when 
antibody of one species (human), is 
injected into a different species (for 
example, rabbit or horse), the host animal 
will make antibodies directed against the 
foreign protein (12).  Thus, in these 

studies the injected human antibody 
serves as an antigen (antibody generator).  
For these studies, both direct and 
indirect immunohistochemistry staining 
methods were used to probe for the 
presence of human Ig on the Shroud.  In 
the indirect method, unlabeled antibody 
is first added to the antigen; any 
unbound antibody is removed by 
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washing; then a second labeled antibody 
specific for the first (unlabeled) antibody 
is then added, forming a type of sandwich 
(Figure 6, bottom).  Taken together, these 
results showed that fibers from 
bloodstained areas were positive for 
staining with anti-human Ig, whereas 
those from unstained areas were not.  
Similar findings were also reported by 
Heller and Adler using direct staining 
methods (5,10,13).  Baima Bollone et al. 
confirmed and extended the findings that 
total human Ig was present by also 
showing that bloodstained areas con-
tained human antibody of the IgG class 
(16-18).   
 
Experimental conclusions and caveats 
of Shroud blood component studies 
    The above studies demonstrate that 
bloodstained fibers of the Shroud contain 
(human) albumin and Ig(G), consistent 
with the presence of real blood.  Although 
the anti-albumin antibody used was 
generated against human albumin, cross-
reactivity was observed with certain 
primate species.  Regarding the findings 
that anti-albumin antibody reacted with 
samples taken from bloodstained areas 
but not unstained areas, one could argue 
that fibers from bloodstained areas are 
nonspecifically adherent for labeled 
antibody, and might bind other 
antibodies, regardless of their antigenic 
specificity.  When immunohistochemistry 
methods are used, it is important to 
demonstrate that binding is specific (see 
Figure 6, top and middle), that is, that 
antibodies generated against an irrelevant 
antigen do not react.  (Please note that if 
such controls were included during the 

course of these experiments, it was not 
apparent when reading the original 
articles).  This is important because 
intermolecular forces between antigen 
and antibody may be both specific and 
nonspecific in nature (12, 19); the degree 
of nonspecific/specific binding is 
dependent upon the particular reagents 
used and the conditions in which the 

assays were run.  Having said this, it 
should also be noted that the presence of 
albumin in bloodstained areas of the 
Shroud was independently demonstrated 
by these same investigators using a 
specific chemical test (Bromcresol Green), 
(6).  Thus, it is reasonable to conclude 
that the blood component albumin is 
present in bloodstained areas on the 
Shroud.   
      Regarding the studies on (human) Ig 
by Baima Bollone and coworkers, similar 
results were obtained with both direct 
and indirect staining methods: 
bloodstained fibers were positive for Ig(G), 
unstained fibers were not.  Importantly, 
these experiments clearly demonstrate 
that when irrelevant antibodies (with a 
different antigenic specificity) were used, 
bloodstained fibers did not react.  The 
absence of binding by irrelevant antibody 
(Figure 6) was demonstrated for both 
direct and indirect staining techniques.  
Thus, it can be concluded that 
bloodstained fibers specifically reacted 
with the antisera used in these studies, 
showing that Ig is present, some fraction 
of which is IgG.  Whether or not other 
classes of Ig (e.g. IgM) are present 
remains to be determined. 
   Although cross-reactivity of anti-human 
Ig antisera with Ig of other species was 
not directly examined, the same caveats 
mentioned in the albumin studies 
(human vs. nonhuman primates) most 
likely apply here.  Exclusive reactivity 
with human Ig would have to be verified.  
Indeed, all four subclasses of IgG (IgG1, 
IgG2, IgG3, IgG4) present in human 
serum are also found in chimpanzee 
serum, as detected with antibodies 

specific for human IgG (20).  Evidence for 
the human origin of blood on the Shroud 
is discussed in detail later.  
 
ABO blood groups and blood type    
   Having established that blood 
components were present on the Shroud, 
assignment to a specific ABO blood group 
was next undertaken.  Blood typing 
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studies are perhaps some of the most 
often misunderstood (and controversial) 
that have been collected on the Shroud.  
The notion that “all old blood types as 
AB” or that “all old blood is degraded to 
type AB” is misleading and is an 
oversimplification of the data. Before 
reviewing specific experiments, a brief 
overview of blood groups and blood typing 
methods will be presented.  
   Of the more than twenty different blood 
antigen groupings that exist, the ABO 
system is the most important for 
transfusion and is therefore used as the 
major classification of an individual’s 
blood type (21-24).  Four fundamental 
blood types exist: A, B, AB, and O.  
Persons with type A blood express A 
molecules, persons with type B blood 
express B molecules, persons with type 
AB blood express both A and B 
molecules, and persons with type O blood 
express neither A nor B molecules (Figure 
7); the O classification originates from the 
German word “Ohne” which means 
without (23).  In addition to ABO, the 
designation “positive” or “negative” is 
often given following a person’s blood 
group (for example, A positive or O 
negative).  The “+” or “-” refers to 
expression of the Rh molecule, which is 
distinct and separate from ABO 
molecules.  Individuals either express Rh 
molecules (Rh+) or they don’t (Rh-), 
(22,23).      
   ABO molecules are carbohydrates (also 
known as sugars or saccharides), all of 
which share the same precursor core 
structure, consisting of a branched 
carbohydrate chain (Figure 8).  In A and 
B blood types, the core structure receives 

a further, specific modification that is 
unique to each blood type (Figure 8).  The 
presence or absence of these specific, 
terminal carbohydrates (sugars) on the 
precursor core structure determines the 
particular blood type (21,25, 26).    In red 
blood cells, ABO carbohydrates are 
attached mainly to proteins, and to a 
lesser extent, lipids (fats), both of which  

 
Figure 7. ABO Blood Groups.  Depicted are 
the types of antigens and antibodies present in 

individuals with A, B, AB, and O blood groups.  

 
are anchored in the cell membrane.  A 
single red blood cell expresses almost two 
million ABO molecules on its surface (23).  
Although most commonly discussed in 
association with red blood cells, ABO 
molecules are actually present on many 
cell types throughout the body (25-27). 
Additionally, in many individuals ABO 
antigens are secreted in bodily fluids 
such as saliva, serum, sweat, and tears 
(22,23). 
   Because molecules not expressed in an 
individual are interpreted as foreign 
(antigenic), persons with certain blood 
types contain in their circulation specific 
antibodies that react with the 
carbohydrate antigens they themselves 
lack.  That is, blood type A individuals 
have naturally occurring anti-B an-
tibodies in their serum; type B individuals 
have anti-A antibodies; type AB 
individuals have no anti-A or B 
antibodies; and individuals of type O have 
both anti-A and anti-B antibodies present 
(Figure 7).  Although not completely 

understood, it is hypothesized that 
naturally occurring anti-A and anti-B 
antibodies in humans originate during 
development from exposure to antigens 
present in the environment, for example 
influenza virus and gram negative 
bacteria (12, 25, 26, 28, 29).  The vast 
majority of naturally occurring anti-A and 
anti-B antibodies are of the IgM class, 
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although anti-A and anti-B specific IgG 
are also found (25).   
 
 

 
Figure 8. Molecular Basis for ABO blood 
groups.  Modification of the core carbohydrate 
structure by additional sugars to create type A 
and type B blood molecules.  In type O blood, 
the core structure receives no further 
modification.  

 
Blood group typing methods 
   In blood typing, the presence of type A 
and B antigens on red blood cells is 
evaluated, called forward typing (Figure 
9), as well as the existence of naturally 
occurring anti-A and anti-B antibodies in 
the blood (serum), known as reverse 
typing (Figure 9), (see also Figure 7).  
Together, forward and reverse typing 
provide an accurate indication of an 
individual’s blood type (30).  Forward 
typing methods evaluate the ability of an 
individual’s red blood cells to react with 
experimentally prepared anti-A and anti-
B antibodies (22, 30, 31).  Red blood cells 
from individuals expressing type A or type 
B antigens will agglutinate, or clump, in 
the presence of anti-A, or anti-B 

antibodies, respectively.  Agglutination 
occurs because crosslinking is 
established between A/B antigens on one 
red blood cell to A/B antigens on another, 
bridged by antibody (Figure 10).  The 
pentameric nature of IgM makes it ideal 
for use in such experiments; alter-
natively, IgG may be used, in which case 
a secondary antibody is added (anti-IgG), 

that ensures sufficient crosslinking (22).  
Reverse typing methods evaluate whether 
or not anti-A and anti-B antibodies are 
present in an individual’s serum by 
reaction with experimentally prepared red 
blood cells of known blood type (Figure 
11).  As discussed previously,   

 
Figure 9. Forward and reverse blood 
typing methods.  In forward typing, the 
presence (or absence) of RBC surface antigens 
is evaluated.  In reverse typing, the presence 
(or absence) of serum antibodies directed 
against RBC surface antigens is evaluated. 
Expression of RBC surface antigens and serum 
antibodies is inversely correlated.  See text for 
details.  

 
a predictable complimentary relationship 
exists between expression of ABO and the 
presence of anti-A and anti-B antibodies 
(Figure 7).  Because most anti-A, anti-B 
antibodies present in an individual’s 
serum are of the IgM class, efficient 
crosslinking is readily established 
between adjacent red blood cells (22).   
For fresh blood, typing tests are fast, 
inexpensive, and relatively foolproof.  
When aged blood is involved, however, 
modifications of the techniques must be 

employed since red blood cells become 
dehydrated and eventually rupture with 
time (32,33).  Remarkably, red blood cells 
have been detected microscopically in 
ancient samples, including mummies (34-
36), prehistoric rock tools (37), and also 
the Shroud (38, 39).  What is most likely 
being visualized in such samples are aged 
red blood cell membranes that have 
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resealed with each other during the 
preparation procedure, representing 
reconstituted cells, not red blood cells 
that have survived intact over large 
periods of time.  Because of their 
distinctive biconcave, disc-like shape, 
(resealed) red blood cells may be 
identified in a variety of ancient materials 
with relative confidence.  Using light and 
electron microscopy, Hart et al. reported 
the discovery of human red blood cells in 
an Egyptian mummy that is over 3,000 
years old (40).  More recently, atomic 
force microscopy allowed individual red 
blood cells to be visualized with 
remarkable clarity in tissue sections 
taken from the 5300 year-old Iceman 
(41). 

 
 
Figure 10. Forward typing of fresh red 
blood cells (RBCs).  In this example, RBCs 
from type A (left) or type B (right) individuals 
are tested for reactivity with (experimentally 
added) anti-A antibody.  RBCs expressing A 
antigens will readily clump (agglutinate) when 
anti-A antisera is added, but type B RBCs will 
not. Agglutination is easily evaluated visually 
without additional magnification.  If similar 
experiments were performed using anti-B 
antisera, the results would be exactly opposite. 

   
In general, five different serological 
techniques may be utilized to study aged 
samples, four forward typing methods 
(mixed agglutination test, absorption 
elution test, absorption inhibition test, 
and immunohistochemistry test) and the 
reverse typing method.  With the 

development of molecular biology 
techniques in the mid-1980s, DNA testing 
became feasible, which may be useful for 
certain aged samples, such as dried 
bloodstains or ancient mummies (32,42-
44). One potential drawback of this 
technique is that it relies on relatively 
intact, non-fragmented stretches of DNA 
being present encoding the particular 
gene(s) of interest.   
 
Blood typing studies on the Shroud: 
Forward typing 
  In a series of studies, Baima Bollone 
and colleagues evaluated the blood group 
present in fibers taken from various 
bloodstained areas, including the  

 
Figure 11. Reverse typing of freshly drawn 

sera (blood) for the presence of naturally 
occurring anti-A and anti-B antibodies.  In 
this example, serum from a type B individual is 
tested for reactivity with (experimentally 
added) type A RBCs (left) or type B RBCs 
(right).  Agglutination occurs (left) due to the 
presence of anti-A Ig in serum. Such clumping 
is easily evaluated visually without the need 
for magnification.  Individuals of a particular 
blood type express antibodies specific for the 

carbohydrate antigens they themselves lack. 

   

“belt of blood” and the soles of the left 
and right feet (16,18,38,39,45), by the 
mixed agglutination technique.  In this 
method, bloodstained fibers are mixed 
with experimentally prepared anti-A or 
anti-B antibodies, and after a period of 
incubation, unbound antibody is removed 
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by washing.  Only antibodies specific for 
the particular type A or type B antigen 
remain bound.  Next, experimentally 
prepared, fresh red blood cells of known 
blood type are added, which bind to any 
remaining, free antigen-binding sites on 
IgM molecules (Figure 12), forming a type 
of sandwich.  When viewed through the 
microscope, positively stained fibers will 
appear “coated” with a layer of red blood 
cells (Figure 12).  Unstained (control) 
fibers and bloodstained fibers were 
mechanically separated from the Shroud 
and evaluated together with fiber samples 
taken from a cloth experimentally daubed 
with human blood types A, B, AB, and O 
(to serve as known, positive controls).  In 
addition, fibers from a fabric taken from 
an Egyptian funerary urn that were 
“unquestionably stained with traces of 
human blood” were examined (45).  
Bloodstained fibers tested positive for 
both type A and type B antigens.  Type B 
showed slightly more reactivity than type 
A, “+++” vs. “++”, respectively, relative to 
the binding strength observed with 
experimental stains (positive controls), all 
with a value of “++++”.  Both unstained 
fibers and fibers from the Egyptian urn 
were negative (45).  Taken together, these 
data demonstrate that the bloodstained 
fibers from the Shroud contain blood 
group antigens A and B, assigning a type 
AB designation (16,18,39,45).  
   A few years later, these findings were 
extended with several distinctions in the 
experimental design:  First, unlike 
previous investigations which utilized 
polyclonal antisera, this time monoclonal 
antibodies (produced in mice) were used 
(Figure 13).  Polyclonal antisera consist of 

the products of multiple (poly) immune 
cells (clonal), all of which produce unique, 
yet specific, antibodies that recognize a 
particular antigen. In contrast, 
monoclonal antibodies represent the 
product of a single (mono) immune cell 
(clonal): all antibody molecules are 
exactly alike, identical to each other 
(Figure 13).  

 
Figure 12. Forward typing of bloodstained 
fibers by the mixed agglutination test. In 
this example, bloodstained fibers containing 

type A antigens are evaluated; unstained 
fibers serve as a negative control. See text for 
details.   

 
  By analogy, polyclonal antibodies are 
equivalent to having 20 copies of the 
same letter, but each in a different font; 
monoclonals on the other hand, are 
equivalent to having 20 copies of the 
same letter, but all in exactly the             

 
Figure 13. Polyclonal and monoclonal 

antibodies.  Polyclonal antibodies represent 
the products of multiple immune cells (clones), 
collected in the blood serum of immunized 
animals. In contrast, monoclonal antibodies 
are generated from individual cells (clones) se-
lected in culture.  Monoclonal antibodies are 
exactly identical, having been produced from a 
single, individual cell. 

 

same font, all identical to each other 
(Figure 13).  Monoclonal antibodies pro-
vide an additional level of specificity not 
available with polyclonal sera (25,32).   
Secondly, in addition to using antibodies 
specific for A antigen and B antigen, in 
these studies an additional antibody was 
included, specific for the core structure, 
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type O antigen.  Third, and most 
importantly, a different forward typing 
approach was utilized; here, 
immunohistochemistry techniques were 
used to evaluate the presence of ABO 
antigens on bloodstained Shroud fibers, 
similar to those used in previous studies 
on albumin and immunoglobulin (Figure 
6). These data demonstrated that 
bloodstained fibers were positive for both 
A and B antigens, but not O antigens.  
Evaluation by electron microscopy 
showed equal intensities of anti-A and 
anti-B binding to bloodstained fibers 
(18,38).  Unstained fibers failed to react 
with anti-A, anti-B, or anti-O specific 
antibodies. Most significantly, even 
colorless fibers taken from the bed of the 
stain were negative (18,38).  Collectively, 
these findings are in agreement with the 
supposition that the blood on the Shroud 
is type AB.  In 1998, Garza-Valdes 
performed similar studies and reported 
that bloodstained fibers were positive for 
B antigens but not O antigens (46); anti-
reactivity was not evaluated.  
 
Experimental conclusions and caveats 

of Shroud forward typing studies 
   One of the main objections raised in the 
serological typing of aged blood samples 
using forward typing methods is the issue 
of false positives.  Indeed, blood type A 
and B carbohydrate antigens are 
expressed in many types of organisms 
(21,26,28, 29,47-49), a concern noted by 
the original investigators (45).  While true 
that serological studies have been 
reported in which ancient materials type 
with a relatively high incidence as AB (50-
54), this is certainly not always the case 

(55-61).  As Sokal points out, certain 
reported errors in serotyping of ancient 
specimens result from the failure to 
determine any blood type, not an error in 
specific blood type determination (59).  
Thus, while tempting to dismiss 
serological typing methods of ancient 
materials in one broad stroke, the 
preservation of red blood cell antigens 

and the extent of contamination in aged 
material must be evaluated specifically 
for each case study.  The environmental 
conditions in which ancient materials 
exist prior to their discovery and analysis 
are relatively unique to each artifact (37, 
62).  Moreover, as the samples 
themselves often do not consist of the 
same material (rock, bone, tissue, 
ceramics, mummies, textiles), direct 
comparisons between systems are 
somewhat difficult.  A further level of 
complexity arises when you consider that 
different studies often use different 
methods (mixed agglutination versus 
absorption inhibition versus reverse 
typing).  Indeed, in studies by Crainic and 
colleagues on ABO typing of tissue 
antigens of Egyptian mummies, using 3 
distinct serological methods, results were 
concordant for only half (7/14) of the 
samples tested (63).  For the other half, 
results were inconsistent among the 
different methods and typing was 
inconclusive.  Thus, even within the same 
study, variation may exist with specific 
techniques depending on the conditions 
of the individual artifact under study (63). 
Clearly, serological evidence is most 
useful when corroborated by additional 
experimentation, especially molecular 
(DNA) analysis of blood group genes 
(44,64), (see below).  
   Throughout its history, the Shroud had 
been handled by untold numbers of 
people and stored under less than 
pristine conditions.  The extent of the 
bacterial and fungal biofilm present on 
the Shroud is unknown (46, 65, 66), but 
it is reasonable to assume that during the 
times the samples for previous studies 

were gathered, the surface was less than 
aseptic.  False positives from antigens 
present on contaminating bacteria, fungi 
and insects is the main objection to the 
validity of blood typing studies done on 
the Shroud (10,45,49); a logical deduction 
given the wavering reliability of 
serological studies on ancient artifacts.  
An underlying assumption that must 
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accompany this criticism, however, is 
that contamination is stringently 
restricted to bloodstained areas of the 
cloth.  Indeed, colorless fibers taken from 
the bed of the bloodstain gave no 
response with anti-A or anti-B antibody 
(18,38) indicating that any contaminating 
false positive antigens cannot be 
widespread. It could be countered that 
bacterial, fungal antigens would be 
expected to be concentrated in areas that 
are relatively enhanced with body fluids 
and cellular debris.  Rationally, however, 
one would expect that such 
contamination would also extend to areas 
immediately adjacent to (e.g. at bed of) 
bloodstains and (at least slightly) beyond, 
making it somewhat difficult to reconcile 
these findings with the simple 
explanation that contamination is 
responsible for these results.  
 
Blood typing studies on the Shroud: 
Reverse typing 
   Together with forward typing, Baima 
Bollone and colleagues also evaluated 
Shroud fibers by reverse typing 
techniques.  For aged samples, this 
method relies on the assumptions that 
anti-blood group antibodies survive in 
dried bloodstains with age, and most 
importantly, that the three-dimensional 
conformation of the antigen-binding 
pocket is sufficiently intact to function 
correctly (see Figure 4).  Because of these 
potential problems, reverse typing is 
typically the least utilized method for 
evaluation of aged blood samples.  For 
these types of studies, bloodstained fibers 
are reacted with experimentally prepared, 
fresh red blood cells of known blood type.  

Coating of fibers with red blood cells is 
indicative of the presence of anti-blood 
group antibodies in the sample being 
studied (Figure 14),(see also Figure 11).  
When bloodstained Shroud fibers were 
evaluated by this method, no anti-A or 
anti-B antibodies were detected, 
consistent with forward typing results 
which showed an AB phenotype (see 

Figure 7); however, note specific caveats 
as discussed below. 
 
Experimental conclusions and caveats 
of Shroud reverse typing studies 
   The reverse typing studies on the 
Shroud are very difficult to interpret 
because they do not distinguish between 
the possibilities that (i) no anti-A or anti-
B antibodies were ever present in the 
bloodstains (truly type AB); (ii) anti-A or 
anti-B antibodies were once present in 
the bloodstains, but over time were 
denatured and degraded (type A, B, or O); 
or (iii) anti-A or anti-B antibodies are still 
present in the bloodstains, but are 
nonfunctional, the three-dimensional 
antigen-binding site no longer exists in a 
working state (type A, B, or O).  While 
proper controls were included to 
demonstrate that the typing method was 
operational and specific, these can only 
be applied to fiber samples 
experimentally daubed with (fresh) 
human blood of known type.  Species-
specific IgG antibodies have been 
detected in equid and hominid fossils as 
old as 1.6 million years (67); and previous 
studies demonstrate the presence of IgG 
in the Shroud bloodstains (16,17).  
However, whether or not such antibodies 
survive in a functional state after an 
untold number of years remains 
unresolved. Even if demonstrated in other 
aged samples, it would still have to be 
addressed in these studies, there is no 
one-size-fits all for conclusions of this 
nature.  Given that the expected result for 
AB blood type is that no naturally 
occurring anti-A or anti-B would be 
present (even in freshly obtained samples, 

see Figure 7), this issue becomes rather 
circular.  Because most naturally present 
anti-A and anti-B antibodies are of the 
IgM class (22,25), it would be interesting 
to evaluate whether (any) IgM antibodies 
had survived over time and were present 
in bloodstained Shroud fibers; this is 
especially relevant as IgM is thought to be 
less stable than IgG (68).   Unfortunately, 
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Figure 14. Reverse typing of bloodstained 
fibers.  In this example, bloodstained fibers 

from an individual of B blood type are 
evaluated, which naturally contain anti-A 
antibodies; unstained fibers serve as a 
negative control. See text for details.   

 
previous studies on bloodstained fibers 
using antibodies for total Ig (16,18) are 
not that helpful here, as approximately 
80% of total serum immunoglobulin is 
IgG, only 5-10% consists of IgM  (11,12).  
While the presence of IgM in bloodstains 
would by no means validate the reverse 
typing results, this would at least 
determine if some IgM existed.  On the 
other hand, if no IgM was detected, this 
would cast further doubt on using reverse 
typing as a confirmatory technique. 
   Ideally, forward and reverse serological 
typing methods crosscheck and 
complement each other, but as is the 
case with certain aged samples, such as 
the Shroud, the validity is somewhat in 
question, particularly the reverse typing 
results.  Thus, it is best concluded that 
the results suggest that the Shroud 
bloodstains are type AB as shown only by 
forward typing methods.  Finally, 
although widely reported on the internet 
that the blood on the Shroud is AB 
positive or AB negative, there is no 
scientific basis for these claims.  In 
previous tests, the condition of the blood 
was such that analysis of the Rh factor 
was not feasible (69).  Therefore, the 
expression of Rh antigens on 
bloodstained fibers of the Shroud remains 

to be determined.  It is unknown if the 
blood type is AB positive or AB negative   
    
Evaluation of the human origins of the 
blood on the Shroud  
   In their immunological studies on 
specific blood components (albumin, 
immunoglobulin) discussed earlier, Adler 
and colleagues were (appropriately) 
cautious in concluding that the data only 
demonstrated that the blood was of 
primate origin (5,9,10,13).  Although 
other studies imply a human origin for 
the blood (16-18), cross-reactivity of 
antisera was not experimentally verified.  
This is an important point as specificity is 
the cornerstone of immunology.  While 
many immune sera are advertised in 
company catalogues as anti-human, that 
designation only refers to the particular  

 
Figure 15. Cross-reactivity of anti-human 
specific antibodies.  Antibody raised against 
protein of one species may also react with the 
same protein from other, similar species.  See 
text for details.  

 

antigen to which the antisera were raised; 

cross-reactivity must be experimentally 
determined.  Indeed, as shown by Adler & 
coworkers, antibodies generated against 
human albumin also reacted with 
albumin from other species (Figure 15), 
(see also earlier discussion).   
   It has been known for quite some time 
that blood groups of human and great 
apes are similar, although not completely 
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interchangeable.  Among nonhuman 
primates, only anthropoid apes (gibbons, 
orangutans, gorillas, and chimpanzees) 
express ABO antigens on their red blood 
cells (70,71).  Prosimians, Old World 
monkeys, and New World monkeys fail to 
express ABO antigens on their red blood 
cells, but secrete ABO molecules in saliva 
and serum (72-74).  In a recent study 
conducted in 2010, monoclonal antibody 
technology was used together with DNA 
sequence analysis to assign ABO groups 
to great apes housed in North American 
and European zoos as a practical means 
to assist in blood transfusion situations 
among these species (75).  These studies 
confirmed that among the anthropoid 
apes, only orangutans and gibbons 
express both A and B antigens, similar to 
humans.  Chimpanzees do not express 
the B antigen and gorillas lack the A 
molecule (75).  Thus, forward typing 
studies would effectively exclude all 
nonhuman primates as a possible source 
of red blood cell membrane AB antigens 
on the Shroud, except for possibly 
gibbons and orangutans. 
   In addition to ABO molecules, 
approximately thirty other blood group 
antigens are expressed on the surfaces of 
human red blood cells.  One such group 
of blood molecules, the M,N, and S 
antigens, has been examined on blood-
stained Shroud fibers using immuno-
histochemistry methods.  MN antigens 
are found on red blood cells of all 
anthropoid apes, but the S antigen is only 
expressed in humans (76).  Bloodstained 
fibers were positive for expression of M, 
N, and most importantly, S antigens, 
ruling out a contribution of (nonhuman) 

primate blood (77).  It is noteworthy to 
mention that staining of M antigen was   
“intesa positiva” (intensely positive), 
compared to “discreta positiva” (fairly 
good) for N and S antigens (77).  The 
relative differences in antigen staining are 
somewhat difficult to interpret, however, 
as individual antibodies will often show 
differences in reactivity.  For example, it 

would not be that unusual for three 
different lots of anti-S antibodies to show 
some differences in antigen binding; this 
is particularly the case when polyclonal 
antisera is used.  A more thorough 
understanding of how much emphasis to 
place on such differences would require 
comparing reactivity of anti-N or anti-S 
antibodies with samples containing a 
known level of antigen expression, in 
addition to evaluating several different 
anti-N or anti-S antibody preparations for 
reactivity.  Given that unstained fibers 
showed no reactivity, it is valid to 
conclude that bloodstained fibers contain 
both N and S antigens.  Moreover, since 
the S antigen has no counterpart in 
primates or other animals, these results 
support the conclusion that the blood on 
the Shroud is of human origin. 
   Because a fastidious forger might have 
included the detail of using real blood on 
the Shroud, a human blood classification 
does not rule out the possibility of such 
trickery.  However, regarding the issue of 
blood being painted on the Shroud, Adler 
once commented, “The blood must have 
been taken from the exudate of a clot at a 
certain point in the clotting process.  An 
artist would therefore have needed the 
exudate from the wounds of a severely 
tortured man, or baboon, and he would 
need to take the substance within a 20-
minute period after the clotting had 
begun.”  “One would need a constant 
supply of fresh clot exudates from a 
traumatically wounded human to paint 
all the forensically correct images in the 
proper nonstereo register and then finally 
paint a serum contraction ring about 
every wound.  Logic suggests that this is 

something a forger or artesian before the 
present century would not only not know 
how to do but even know that it was 
required (9). A further level of complexity 
to be considered is that bloodstains are 
believed to have pre-existed prior to 
(body) image formation on the cloth, as 
shown by proteolytic enzyme digestion 
experiments (5,8).  
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Blood DNA studies on the Shroud 

   In the 1990s, Garza-Valdes and 
colleagues reported the presence of blood 
remnants on the Shroud that contained 
DNA segments of human hemoglobin 
(46).  In contrast to hemoglobin proteins, 
hemoglobin DNA is present in virtually all 
cells throughout the body, except for, 
ironically, the vast majority of red blood 
cells (78,79).  In mammals, mature red 
blood cells are enucleate, they lose their 
DNA as they develop and exit the bone 
marrow (12, 79).  Thus, the source of 
hemoglobin DNA in human bloodstains is 
almost certainly not from red blood cells, 
but rather the white blood cells of the 
immune system (lymphocytes, neutro-
phils, macrophages) (78,79).  Hemoglobin 
DNA data can only go so far in its 
conclusion: that human DNA is present 
on the Shroud.  Given the communal 
nature of the Shroud, displayed and 
handled over many years by untold 
numbers of people, it is uncertain that 
DNA analysis could distinguish 
endogenous versus contaminating DNA.  
   The DNA on the Shroud is badly 
fragmented (46), although the extent to 
which specific chromosome regions 
survive remains to be determined.  
Expression of human ABO blood groups 
is controlled by a single locus in exons 6 
and 7 (coding segments) of chromosome 9 
(21).  If molecular analysis of this region 
were feasible, such studies would help 
address previous concerns raised with 
serological techniques regarding the 
blood type.  
    
Blood studies on the Sudarium of 
Oviedo 

   The Sudarium of Oviedo is a 
bloodstained fabric of much smaller 
dimensions than the Shroud, suggested 
to represent a companion (face) cloth, 
placed on the body shortly after death 
(80,81).  Bloodstains on the Sudarium 
show geometric correspondence to those 
on the Shroud of Turin, consistent with 
the idea that they wrapped the same 

person (80,81).   Naturally, there was 
much interest in verifying the presence of 
human blood on the Sudarium, and 
specifically, in comparing the blood type 
to that found on the Shroud. 
   In 1985, Baima Bollone and colleagues 
performed similar experiments on 
samples taken from the Oviedo cloth, as 
those described above for the Shroud, 
concluding that blood group AB antigens 
were present (82).  These findings were 
confirmed by Goldini et al., in 1993, who 
reported a series of standard chemical 
tests, similar to those used by Heller and 
Adler, to verify that blood is present, 
including the demonstration of he-
matoporphyrin (83).  Immunological tests 
demonstrated the presence of (human) 
IgG by immunofluorescence; horse anti-
human Ig was used for these studies.  
The same caveats noted for similar 
studies on serum Ig present in Shroud 
fibers (human versus non-human 
primates) apply here. 
   For blood grouping studies, Goldini 
used reverse typing methods and a 
somewhat different forward typing 
method than described before, the 
absorption-inhibition test.  This method 
is similar to the mixed agglutination test, 
except that instead of evaluating antibody 
binding to fibers, the relative amount of 
unbound antibody is measured by their 
ability to agglutinate experimentally 
added, freshly prepared red blood cells of 
known blood type (22,84).  These studies 
suggested that type A and type B 
antigens are present in bloodstained 
fibers of the Sudarium; findings which 
were also reported by Villalain, Blanco 
and Moreno, although background 

staining with anti-B reagents in “clean” 
samples was noted (85, 86), possibly 
confounding the results.  Thus, although 
not as definitely studied as the Shroud, 
these results suggest that the blood type 
may be similar.  Like the Shroud, DNA 
has also been isolated from the Sudarium 
of Oviedo and is badly fragmented 
(81,82), possibly precluding any 
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meaningful molecular analysis of ABO 
gene expression.  
 
Future directions and final conclusions 
   It is unclear what direction the future 
may hold regarding further investigation 
into the bloodstains on the Shroud.  
Blood typing studies could be greatly 
advanced by distinguishing A and B 
antigens associated with human red 
blood cell membranes from those that 
may exist on other organisms, effectively 
eliminating arguments of false positives.  
Kimura and colleagues described an 
approach for ABO blood grouping of 
(fresh) human bloodstains using anti-
Band 3 antibodies (over 80% of ABO 
antigens are associated with Band 3 
protein) to specifically isolate ABO 
antigens present in red blood cell 
membranes, detected by sandwich ELISA 
technique. This method resulted in 
accurate typing of bloodstains on fibers 
only 1-1.5 cm in length (87).  
Conceivably, such methods might be 
adaptable to the study of dried, aged 
bloodstains, like those on the Shroud.  
Given that enough sensitivity was 
present, a type of precipita-
tion/release/recapture method could be 
utilized, which has proven very useful in 
the study of protein and carbohydrate 
moieties on other immune cell types (88-
90).  Detection signals might also be 
greatly amplified by immuno-PCR 
methodology, which allows as few as 580 
antigen molecules to be reproducibly 
detected (91), an enhancement of 
100,000 fold relative to conventional 
detection techniques.  Finally, until 2010 
a simple, rapid confirmatory test for 

distinguishing human versus animal 
blood was unavailable.  Such analysis is 
now attainable using only a few 
microliters of blood and is developed for 
the study of dried bloodstains (92).  This 
methodology evaluates the expression of 

the human blood marker glycophorin A, 
using specifically developed monoclonal 
antibodies that react exclusively with 
human blood proteins. 
   Careful conclusions about the blood on 
the Shroud (and related artifacts) must 
rely on multiple approaches that support 
and confirm each other.  It is somewhat 
precarious to base deductions on a single 
type of evidence. The use of techniques 
and methodologies that crosscheck and 
verify specific findings are instrumental 
in any type of scientific investigation.  
Ideally, additional serological analyses 
with greater sensitivity and DNA studies 
of specific coding segments (for example, 
ABO, S, HLA transplantation antigens) 
could be included among such data on 
the Shroud in the future. 
   In summary, the preponderance of 
current scientific evidence indicates that: 
(i) there is blood on the Shroud of Turin; 
(ii) the blood is of primate, i.e. human 
origin; and (iii) the blood type is most 
likely AB as determined by forward typing 
methods, specifically mixed agglutination 
and immunohistochemistry techniques. 
Expression of the Rh factor (AB positive 
or AB negative) remains to be determined. 
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