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SYSTEM FOR DETECTING BACTERIA IN 
BLOOD, BLOOD PRODUCTS, AND FLUIDS 

OF TISSUES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims bene?t from US. Provi 
sional Patent Application No. 60/144,442 ?led Jul. 16, 1999, 
the entire contents of Which is hereby incorporated by refer 
ence. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The invention relates to the screening of blood or a 
blood product (including Whole blood, hematopoietic stem 
cells, leukocytes, plasma, serum, red blood cells, and plate 
lets) or a donor tissue for the presence of a clinically relevant 
amount of bacteria. More particularly, the invention relates to 
the screening for the presence of a clinically relevant amount 
of contaminating bacteria in blood and blood products or 
donor tissue that Will be used for transfusion or transplanta 
tion. 
[0004] 2. Summary of the RelatedArt 
[0005] Transfusion of blood and blood products is a thera 
peutically important aspect of patient care. Transplantation of 
donor tissues and organs is likeWise therapeutically impor 
tant. The absence of clinically relevant levels of contaminat 
ing bacteria in donor blood, donor blood product, or a donor 
tissue or organ is a requirement necessary for the safe, thera 
peutic use of these donated ?uids and tissues for transfusion 
or transplantation. For example, bacteremia (the invasion of 
bacteria into the blood) can be transient, continuous, or inter 
mittent. Wagner et al. (Clin. Microbiol. Rev. 7: 290-302 
(1994)) and Goldman et al. (Trans. Med. Revs. 5: 73-83 
(1991)) teach that a large number of different species of 
bacteria have been identi?ed in contaminated blood trans 
fused to patients Who, folloWing transfusion, developed sep 
ticimia. Tadler et al. (J. Clin. Laboratory Analysis 2: 21-25 
(1989)) teaches that although transient bacteremia is gener 
ally of little consequence, continuous or intermittent bacter 
emia can present life-threatening situations for several patient 
populations, particularly immunocompromised, neonatal, 
and geriatric patients. Thus, if blood contaminated With a 
clinically relevant amount of bacteria Were to be transfused to 
a recipient patient, the recipient patient might suffer compli 
cations, particularly since transfusions of blood and/or blood 
products are often performed When the patient is undergoing 
major surgery, or is otherWise vulnerable. 
[0006] Similarly, donor tissues and organs are preferably 
microbe-free to retard and, preferably, prevent rejection by 
the recipient. 
[0007] Despite the need for a safe, microbe-free supply of 
blood or a blood product, no rapid, e?icient method exists for 
detecting the presence of contaminating bacteria in blood or a 
blood product. Although there are methods for determining 
Whether or not blood is infected With bacteria, most current 
bacterial testing is done on patients suspected of having 
infected blood, With the prime intent of identifying the exact 
micro-organism that is causing the infection, so that the 
appropriate antibiotic therapy can begin. In these methods, to 
identify the infecting bacteria, a sample of patient blood is 
groWn in a culture media that favors the groWth of the bacteria 
for a relatively long period of time. Eventually, the number of 
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micro-organisms present is ampli?ed to the point that a rea 
sonable quantity exists and can be detected. 
[0008] Although these culture-based blood testing tech 
niques are useful for determining the particular type of bac 
teria that is infecting a patient’s blood, the length of the time 
required to perform these techniques makes them impractical 
to use to test donorblood and blood products or donor organs. 
This is because donor blood, blood products, and organs are 
often needed for use as transfusions or transplantations on 
relatively short notice. Thus, there may be no time to test the 
donated blood (or blood product) or organ With a culture 
based technique before the donated blood or organ is needed 
for use. 

[0009] In addition, donated organs and blood or blood 
products have a relatively short shelf-life due not only to a 
loss of function of the donated material, but also to an increase 
in amount of any contaminating bacteria present. Since bac 
teria have a rapid propagation rate, even a small amount of 
contaminating bacteria present in the donated blood or blood 
product Will quickly amplify With time. For example, While 
donated platelets are functionally viable only 7 days post 
donation, they are rarely used more than 5 days post-donation 
for fear of bacterial contamination that, When donated, may 
not have been signi?cant but, over time, may have increased 
to a level that is clinically relevant. Moreover, these culture 
based blood testing techniques take too long to routinely 
screen platelets, Which have a short shelf-life (approximately 
5 days post-donation), for transfusion use. 
[0010] Brecher et al. (Transfusion 34(9): 750-755 (1994)) 
teaches another technique for detecting a particular contami 
nating bacteria in blood using labelled nucleic acid probes to 
hybridiZe to the genetic material of potential contaminants 
The probes used in these studies, hoWever, are very limited in 
the number of micro-organisms that can be detected and, 
unfortunately, no commercially viable test has emerged from 
this technology. Given their complexity, these techniques are 
too labor-intensive and too time-costly to be routinely used to 
screen blood or blood products for bacterial contamination. 
[001 1] There is, therefore, a need for a technique for rapidly 
detecting the presence of a clinically relevant amount of any 
contaminating bacteria in donor blood or a blood product, or 
in a donor tissue. Ideally, antigen binding techniques could be 
rapidly and effectively employed. Unfortunately, Wagner, S. 
J. (Int. J. Med. Microbiol.Virol. Parasitol. Infect. Dis. 283(3): 
253-257 (1996)) teaches that no common antigenic source 
exists for broad based bacterial detection. Thus, there is a 
need for antigen binding-based techniques for detecting clini 
cally relevant amounts of contaminating bacteria in donor 
blood or blood products or in donor tissues. 

BRIEF SUMMARY OF THE INVENTION 

[0012] The invention provides rapid antigen binding-based 
methods for detecting clinically relevant amounts of contami 
nating bacteria in blood or blood products or in donor tissue, 
particularly donor blood or blood products or donor tissue to 
be transferred from one individual to another. 
[0013] Accordingly, in a ?rst aspect, the invention provides 
a method for screening for the presence of a clinically relevant 
amount of bacteria in donor blood or a donor blood product 
from a donor mammal for transfer to a recipient mammal 
comprising contacting a sample of blood or a blood product 
With a set of binding agents, Wherein the set of binding agents 
comprises binding agents that speci?cally bind to a Gram 
negative bacterial antigen and binding agents that speci?cally 
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bind to a Gram-positive bacterial antigen, and determining 
binding of the set of binding agents to the sample, Wherein 
binding indicates the presence of a clinically relevant amount 
of bacteria in the donor blood or blood product and no binding 
indicates the absence of a clinically relevant amount of bac 
teria in the donor blood or blood product. 

[0014] In certain embodiments of the ?rst aspect of the 
invention, the sample is treated prior to or concomitantly With 
contacting the sample With the set of binding agents. Prefer 
ably, the treatment exposes a binding site of the binding agent 
on the Gram-negative bacterial antigen or on the Gram-posi 
tive bacterial antigen. In certain embodiments of the ?rst 
aspect of the invention, the donor blood or blood product 
determined to have an absence of a clinically relevant amount 
of bacteria is administered to a recipient mammal. Preferably, 
the donor mammal and the recipient mammal are of the same 
species. In certain preferred embodiments, the binding agents 
that speci?cally bind to a Gram-negative bacterial antigen 
comprise antibodies or antibody derivatives that speci?cally 
bind to a Gram-negative bacterial antigen. In certain preferred 
embodiments, the binding agents that speci?cally bind to a 
Gram-negative bacterial antigen thereof comprise a molecule 
selected from the group consisting of a Limulus anti-li 
popolysaccharide factor (LALF), a lipopolysaccharide bind 
ing protein (LBP), a bacterkidal/per'meability-increasing pro 
tein (BPI), and an antibiotic, such as polymixin or bacitracin. 
Preferably, the binding agents that speci?cally bind to a 
Gram-negative bacterial antigen speci?cally bind to the 
lipopolysaccharide structure of the Gram-negative bacteria. 
In certain preferred embodiments, the binding agents that 
speci?cally bind to a Gram-positive bacteria antigen com 
prise antibodies or antibody derivatives that speci?cally bind 
to a Gram-positive bacterial antigen. In certain embodiments, 
the binding agents that speci?cally bind to a Gram-positive 
bacterial antigen comprise an antibiotic, Wherein the antibi 
otic is not vancomycin. Preferably, the binding agents that 
speci?cally bind to a Gram-positive bacterial antigen speci? 
cally bind to the lipotechoic acid structure of the Gram 
positive bacteria. 
[0015] In various embodiments of the ?rst aspect of the 
invention, the binding agents that speci?cally bind to a Gram 
negative bacterial antigen are detectably labeled With a ?rst 
reporter molecule and the binding agents that speci?cally 
bind to a Gram-positive bacterial antigen are detectably 
labeled With a second reporter molecule. In certain embodi 
ments, the ?rst reporter molecule and the second reporter 
molecule are the same. In another embodiment, the ?rst 
reporter molecule and the second reporter molecule are not 
the same. Preferably, one or both of the ?rst reporter molecule 
and the second reporter molecule is a molecule With enZy 
matic activity, a radio-labeled molecule, a fusion molecule, a 
?uorogenic molecule, a metal sol, a particle, a chromatic 
molecule, or a molecule that is speci?cally bound by a sec 
ondary binding agent. 
[0016] In a second aspect, the invention provides method 
for screening for the presence of a clinically relevant amount 
of Gram-positive bacteria in donor blood or a blood product 
from a donor mammal for transfer to a recipient mammal 
comprising contacting a sample of the donor blood or a blood 
product With a set of binding agents, Wherein the set of bind 
ing agents comprises binding agents that speci?cally bind to 
Gram-positive bacterial antigen, and determining binding of 
the set of binding agents to the sample, Wherein binding 
indicates the presence of a clinically relevant amount of 
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Gram-positive bacteria in the donor blood or blood product 
and no binding indicates the absence of a clinically relevant 
amount of Gram-positive bacteria in the donor blood or blood 
product. 
[0017] In certain embodiments of the second aspect of the 
invention, the sample is treated prior to or concomitantly With 
contacting the sample With the set of binding agents. Prefer 
ably, the treatment exposes a binding site for the binding 
agent on the Gram-positive bacterial antigen. In certain 
embodiments, the blood or blood product determined to have 
an absence of a clinically relevant amount of Gram-positive 
bacteria is transferred to a recipient mammal. Preferably, the 
donor mammal and the recipient mammal are of the same 
species. In certain preferred embodiments, the binding agents 
that speci?cally bind to a Gram-positive bacterial antigen 
comprise antibodies or antibody derivatives that speci?cally 
bind to a Gram-positive bacterial antigen. In certain embodi 
ments, the binding agents that speci?cally bind to a Gram 
positive bacterial antigen comprise an antibiotic, Wherein the 
antibiotic is not vancomycin. Preferably, the binding agents 
that speci?cally bind to a Gram-positive bacterial antigen 
speci?cally bind to the lipotechoic acid structure of the Gram 
positive bacteria. 
[0018] In various embodiments of the second aspect of the 
invention, the binding agents that speci?cally bind to a Gram 
positive bacterial antigen are detectably labeled With a 
reporter molecule. Preferably, the reporter molecule is a mol 
ecule With enZymatic activity, a radio-labeled molecule, a 
fusion molecule, a ?uorogenic molecule, a metal sol, a par 
ticle, a chromatic molecule, or a molecule that is speci?cally 
bound by a secondary binding agent. 
[0019] In a third aspect, the invention provides a method for 
screening for the presence of a clinically relevant amount of 
Gram-negative bacteria in donor blood or a blood product 
from a donor mammal for transfer to a recipient mammal 
comprising contacting a sample of blood or a blood product 
With a set of binding agents, Wherein the set of binding agents 
comprises binding agents that speci?cally bind to Gram 
negative bacterial antigen, and determining binding of the set 
of binding agents to the sample, Whereinbinding indicates the 
presence of a clinically relevant amount of Gram-negative 
bacteria in the donor blood or blood product and no binding 
indicates the absence of a clinically relevant amount of Gram 
negative bacteria in the donor blood or blood product. 
[0020] In certain embodiments of the third aspect of the 
invention, the sample is treated prior to or concomitantly With 
contacting the sample With the set of binding agents. Prefer 
ably, the treatment exposes a binding site for the binding 
agent on the Gram-negative bacterial antigen. In certain 
embodiments, the donor blood or blood product determined 
to have an absence of a clinically relevant amount of Gram 
negative bacteria is transferred to a recipient mammal. Pref 
erably, the donor mammal and the recipient mammal are of 
the same species. In certain preferred embodiments, the bind 
ing agents that speci?cally bind to a Gram-negative bacterial 
antigen comprise antibodies or antibody derivatives that spe 
ci?cally bind to a Gram-negative bacterial antigen. In certain 
preferred embodiments, the binding agents that speci?cally 
bind to a Gram-negative bacterial antigen comprise a mol 
ecule selected from the group consisting of a Limulus anti 
lipopolysaccharide factor (LALF), a lipopolysaccharide 
binding protein (LBP), a bactericidal/per'meability-increas 
ing protein (BPI), and an antibiotic, such as polymixin or 
bacitracin. Preferably, the binding agents that speci?cally 
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bind to a Gram-negative bacterial antigen speci?cally bind to 
the lipopolysaccharide structure of the Gram-negative bacte 
ria. 

[0021] In various embodiments of the third aspect of the 
invention, the binding agents that speci?cally bind to a Gram 
negative bacterial antigen are detectably labeled With a 
reporter molecule. Preferably, the reporter molecule is a mol 
ecule With enZymatic activity, a radio-labeled molecule, a 
fusion molecule, a ?uorogenic molecule, a metal sol, a par 
ticle, a chromatic molecule, or a molecule that is speci?cally 
bound by a secondary binding agent. 
[0022] In a fourth aspect, the invention provides a kit for 
screening for the presence of a clinically relevant amount of 
bacteria in donor blood or a donor blood product from a donor 
mammal for transfer to a recipient mammal comprising a set 
of binding agents, Wherein the set of binding agents com 
prises binding agents that speci?cally bind to Gram-negative 
bacterial antigen and binding agents that speci?cally bind to 
Gram-positive bacterial antigen, and a means for detecting 
binding of the set of binding agents to a sample of the donor 
blood or blood product, Wherein binding indicates the pres 
ence of a clinically relevant amount of bacteria in the donor 
blood or blood product and no binding indicates the absence 
of a clinically relevant amount of bacteria in the donor blood 
or blood product. 

[0023] In certain embodiments of the fourth aspect of the 
invention, the kit further comprises a means for treating the 
sample, Wherein the treatment exposes a binding site for the 
binding agent on the Gram-negative bacterial antigen or on 
the Gram-positive bacterial antigen. In certain embodiments 
of the fourth aspect of the invention, the donor blood or blood 
product determined to have an absence of a clinically relevant 
amount of bacteria is transferred to a recipient mammal. 
Preferably, the donor mammal and the second mammal are of 
the same species. In certain preferred embodiments, the bind 
ing agents that speci?cally bind to a Gram-negative bacterial 
antigen comprise antibodies or antibody derivatives that spe 
ci?cally bind to a Gram-negative bacterial antigen. In certain 
preferred embodiments, the binding agents that speci?cally 
bind to a Gram-negative bacterial antigen comprise a mol 
ecule selected from the group consisting of a Limulus anti 
lipopolysaccharide factor (LALF), a lipopolysaccharide 
binding protein (LBP), a bactericidal/permeability-increas 
ing protein (BPI), and an antibiotic, such as polymixin or 
bacitracin. Preferably, the binding agents that speci?cally 
bind to a Gram-negative bacterial antigen speci?cally bind to 
the lipopolysaccharide structure of the Gram-negative bacte 
ria. In certain preferred embodiments, the binding agents that 
speci?cally bind to a Gram-positive bacterial antigen com 
prise antibodies or antibody derivatives that speci?cally bind 
to a Gram-positive bacterial antigen. In certain embodiments, 
the binding agents that speci?cally bind to a Gram-positive 
bacterial antigen comprise an antibiotic, Wherein the antibi 
otic is not vancomycin. Preferably, the binding agents that 
speci?cally bind to a Gram-positive bacterial antigen speci? 
cally bind to the lipotechoic acid structure of the Gram 
positive bacteria. 
[0024] In various embodiments of the fourth aspect of the 
invention, the binding agents that speci?cally bind to a Gram 
negative bacterial antigen are detectably labeled With a ?rst 
reporter molecule and the binding agents that speci?cally 
bind to a Gram-positive bacterial antigen are detectably 
labeled With a second reporter molecule. In certain embodi 
ments, the ?rst reporter molecule and the second reporter 
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molecule are the same. In another embodiment, the ?rst 
reporter molecule and the second reporter molecule are not 
the same. Preferably, one or both of the ?rst reporter molecule 
and the second reporter molecule is a molecule With enZy 
matic activity, a radio-labeled molecule, a fusion molecule, a 
?uorogenic molecule, a metal sol, a particle, a chromatic 
molecule, or a molecule that is speci?cally bound by a sec 
ondary binding agent. 
[0025] In a ?fth aspect, the invention provides a kit for 
screening for the presence of a clinically relevant amount of 
Gram-positive bacteria in donor blood or a donor blood prod 
uct from a donor mammal for transfer to a recipient mammal 
comprising a set of binding agents, Wherein the set of binding 
agents comprises binding agents that speci?cally bind to a 
Gram-positive bacterial antigen, and a means for detecting 
binding of the set of binding agents to a sample of the blood 
or blood product, Wherein binding indicates the presence of a 
clinically relevant amount of Gram-positive bacteria in the 
donor blood or blood product and no binding indicates the 
absence of a clinically relevant amount of Gram-positive 
bacteria in the donor blood or blood product. 

[0026] In certain embodiments of the ?fth aspect of the 
invention, the kit further comprises a means for treating the 
sample, Wherein the treatment exposes a binding site for the 
binding agent on the Gram-positive bacterial antigen. In cer 
tain embodiments, the donor blood or blood product deter 
mined to have an absence of a clinically relevant amount of 
bacteria is transferred to a recipient mammal. Preferably, the 
donor mammal and the recipient mammal are of the same 
species. In certain preferred embodiments, the binding agents 
that speci?cally bind to a Gram-positive bacterial antigen 
comprise antibodies or antibody derivatives that speci?cally 
bind to a Gram-positive bacterial antigen. In certain embodi 
ments, the binding agents that speci?cally bind to a Gram 
positive bacterial antigen comprise an antibiotic, Wherein the 
antibiotic is not vancomycin. Preferably, the binding agents 
that speci?cally bind to a Gram-positive bacterial antigen 
speci?cally bind to the lipotechoic acid structure of the Gram 
positive bacteria. 
[0027] In various embodiments of the ?fth aspect of the 
invention, the binding agents that speci?cally bind to a Gram 
positive bacterial antigen are detectably labeled With a 
reporter molecule. Preferably, the reporter molecule is a mol 
ecule With enZymatic activity, a radio-labeled molecule, a 
fusion molecule, a ?uorogenic molecule, a metal sol, a par 
ticle, a chromatic molecule, or a molecule that is speci?cally 
bound by a secondary binding agent. In a sixth aspect, the 
invention provides a kit for screening for the presence of a 
clinically relevant amount of Gram-negative bacteria in donor 
blood or a donor blood product from a donor mammal for 
transfer to a recipient mammal comprising a set of binding 
agents, Wherein the set of binding agents comprises binding 
agents that speci?cally bind to a Gram-negative bacterial 
antigen, and a means for detecting binding of the set of 
binding agents to a sample of the blood or blood product, 
Whereinbinding indicates the presence of a clinically relevant 
amount of Gram-negative bacteria in the donor blood or 
blood product and no binding indicates the absence of a 
clinically relevant amount of Gram-negative bacteria in the 
donor blood or blood product. 

[0028] In certain embodiments of the sixth aspect of the 
invention, the kit further comprises a means for treating the 
sample, Wherein the treatment exposes a binding site for the 
binding agent on the Gram-negative bacterial antigen. In cer 
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tain embodiments, the donor blood or blood product deter 
mined to have an absence of a clinically relevant amount of 
Gram-negative bacteria is transferred to a recipient mammal. 
Preferably, the donor mammal and the recipient mammal are 
of the same species. In certain preferred embodiments, the 
binding agents that speci?cally bind to a Gram-negative bac 
terial antigen comprise antibodies or antibody derivatives that 
speci?cally bind to a Gram-negative bacterial antigen. In 
certain preferred embodiments, the binding agents that spe 
ci?cally bind to a Gram-negative bacterial antigen comprise a 
molecule selected from the group consisting of a Limulus 
anti-lipopolysaccharide factor (LALF), a lipopolysaccharide 
binding protein (LBP), a bactericidal/permeability-increas 
ing protein (BPI), and an antibiotic, such as polymixin or 
bacitracin. Preferably, the binding agents that speci?cally 
bind to a Gram-negative bacterial antigen speci?cally bind to 
the lipopolysaccharide structure of the Gram-negative bacte 
r1a. 

[0029] In various embodiments of the sixth aspect of the 
invention, the binding agents that speci?cally bind to a Gram 
negative bacterial antigen are detectably labeled With a 
reporter molecule. Preferably, the reporter molecule is a mol 
ecule With enZymatic activity, a radio-labeled molecule, a 
fusion molecule, a ?uorogenic molecule, a metal sol, a par 
ticle, a chromatic molecule, or a molecule that is speci?cally 
bound by a secondary binding agent. 
[0030] In various embodiments of the ?rst, second, third, 
fourth, ?fth, and sixth aspect of the invention, the blood or 
blood product is preferably Whole blood, leukocytes, hemato 
poietic stem cells, platelets, red blood cells, plasma, or serum. 
[0031] In a seventh aspect, the invention provides a method 
for screening for the presence of a clinically relevant amount 
of bacteria in a tissue from a mammal, Wherein the tissue is 
stored in a ?uid, comprising contacting a sample of the ?uid 
With a set of binding agents, Wherein the set of binding agents 
comprises binding agents that speci?cally bind to a Gram 
negative bacterial antigen and binding agents that speci?cally 
bind to a Gram-positive bacterial antigen, and determining 
binding of the set of binding agents to the sample, Wherein 
binding indicates the presence of a clinically relevant amount 
of bacteria in the donor tissue and no binding indicates the 
absence of a clinically relevant amount of bacteria in the 
donor tissue. 

[0032] In certain embodiments of the seventh aspect of the 
invention, the sample is treated prior to or concomitantly With 
contacting the sample With the set of binding agents. Prefer 
ably, the treatment exposes a binding site of the binding agent 
on the Gram-negative bacterial antigen or on the Gram-posi 
tive bacterial antigen. In certain embodiments of the seventh 
aspect of the invention, the donor tissue determined to have an 
absence of a clinically relevant amount of bacteria is trans 
ferred to a recipient mammal. Preferably, the donor mammal 
and the recipient mammal are of the same species. In certain 
preferred embodiments, the binding agents that speci?cally 
bind to a Gram-negative bacterial antigen comprise antibod 
ies or antibody derivatives that speci?cally bind to a Gram 
negative bacterial antigen. In certain preferred embodiments, 
the binding agents that speci?cally bind to a Gram-negative 
bacterial antigen comprise a molecule selected from the 
group consisting of a Limulus anti-lipopolysaccharide factor 
(LALF), a lipopolysaccharide binding protein (LBP), a bac 
tericidal/permeability-increasing protein (BPI), and an anti 
biotic, such as polymixin or bacitracin. Preferably, the bind 
ing agents that speci?cally bind to a Gram-negative bacterial 
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antigen speci?cally bind to the lipopolysaccharide structure 
of the Gram-negative bacteria. In certain preferred embodi 
ments, the binding agents that speci?cally bind to a Gram 
positive bacterial antigen comprise antibodies or antibody 
derivatives that speci?cally bind to a Gram-positive bacterial 
antigen. In certain embodiments, the binding agents that spe 
ci?cally bind to a Gram-positive bacterial antigen comprise 
an antibiotic, Wherein the antibiotic is not vancomycin. Pref 
erably; the binding agents that speci?cally bind to a Gram 
positive bacterial antigen speci?cally bind to the lipotechoic 
acid structure of the Gram-positive bacteria. 

[0033] In various embodiments of the seventh aspect of the 
invention, the binding agents that speci?cally bind to a Gram 
negative bacterial antigen are detectably labeled With a ?rst 
reporter molecule and the binding agents that speci?cally 
bind to Gram-positive bacterial antigen are detectably labeled 
With a second reporter molecule. In certain embodiments, the 
?rst reporter molecule and the second reporter molecule are 
the same. In another embodiment, the ?rst reporter molecule 
and the second reporter molecule are not the same. Preferably, 
one or both of the ?rst reporter molecule and the second 
reporter molecule is a molecule With enzymatic activity, a 
radio-labeled molecule, a fusion molecule, a ?uorogenic mol 
ecule, a metal sol, a particle, a chromatic molecule, or a 
molecule that is speci?cally bound by a secondary binding 
agent. 
[0034] In an eighth aspect, the invention provides a method 
for screening for the presence of a clinically relevant amount 
of Gram-positive bacteria in a donor tissue from a donor 
mammal for transfer to a recipient mammal, Wherein the 
donor tissue is stored in a ?uid, comprising contacting a 
sample of ?uid With a set of binding agents, Wherein the set of 
binding agents comprises binding agents that speci?cally 
bind to a Gram-positive bacterial antigen, and determining 
binding of the set of binding agents to the sample, Wherein 
binding indicates the presence of a clinically relevant amount 
of Gram-positive bacteria in the donor tissue and no binding 
indicates the absence of a clinically relevant amount of Gram 
positive bacteria in the donor tissue. 
[0035] In certain embodiments of the eighth aspect of the 
invention, the sample is treated prior to or concomitantly With 
contacting the sample With the set of binding agents. Prefer 
ably, the treatment exposes a binding site for the binding 
agent on the Gram-positive bacterial antigen. In certain 
embodiments, the donor tissue determined to have an absence 
of a clinically relevant amount of bacteria is transferred to a 
recipient mammal. Preferably, the donor mammal and the 
recipient mammal are of the same species. In certain pre 
ferred embodiments, the binding agents that speci?cally bind 
to a Gram-positive bacterial antigen comprise antibodies or 
antibody derivatives that speci?cally bind to a Gram-positive 
bacterial antigen. In certain embodiments, the binding agents 
that speci?cally bind to a Gram-positive bacterial antigen 
comprise an antibiotic, Wherein the antibiotic is not vanco 
mycin. Preferably, the binding agents that speci?cally bind to 
a Gram-positive bacterial antigen speci?cally bind to the 
lipotechoic acid structure of the Gram-positive bacteria. 
[0036] In various embodiments of the eighth aspect of the 
invention, the binding agents that speci?cally bind to a Gram 
positive bacterial antigen are detectably labeled With a 
reporter molecule. Preferably, the reporter molecule is a mol 
ecule With enZymatic activity, a radio-labeled molecule, a 
fusion molecule, a ?uorogenic molecule, a metal sol, a par 
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ticle, a chromatic molecule, or a molecule that is speci?cally 
bound by a secondary binding agent. 
[0037] In a ninth aspect, the invention provides a method 
for screening for the presence of a clinically relevant amount 
of Gram-negative bacteria in a donor tissue from a donor 
mammal for transfer to a recipient mammal, Wherein the 
donor tissue is stored in a ?uid, comprising contacting a 
sample of the ?uid With a set of binding agents, Wherein the 
set of binding agents comprises binding agents that speci? 
cally bind to a Gram-negative bacterial antigen, and deter 
mining binding of the set of binding agents to the sample, 
Wherein binding indicates the presence of a clinically relevant 
amount of Gram-negative bacteria in the donor tissue and no 
binding indicates the absence of a clinically relevant amount 
of Gram-negative bacteria in the donor tissue. 
[0038] In certain embodiments of the ninth aspect of the 
invention, the sample is treated prior to or concomitantly With 
contacting the sample With the set of binding agents. Prefer 
ably, the treatment exposes a binding site for the binding 
agent on the Gram-negative bacterial antigen. In certain 
embodiments, the donor tissue determined to have an absence 
of a clinically relevant amount of Gram-negative bacteria is 
transferred to a recipient mammal. Preferably, the donor 
mammal and the recipient mammal are of the same species. In 
certain preferred embodiments, the binding agents that spe 
ci?cally bind to a Gram-negative bacterial antigen comprise 
antibodies or antibody derivatives that speci?cally bind to a 
Gram-negative bacterial antigen. In certain embodiments, the 
binding agents that speci?cally bind to a Gram-negative bac 
terial antigen comprise a molecule selected from the group 
consisting of a Limulus anti-lipopolysaccharide factor 
(LALF), a lipopolysaccharide binding protein (LBP), a bac 
tericidal/permeability-increasing protein (BPI), and an anti 
biotic, such as polymixin or bacitracin. Preferably, the bind 
ing agents that speci?cally bind to a Gram-negative bacterial 
antigen speci?cally bind to the lipopolysaccharide structure 
of the Gram-negative bacteria. 
[0039] In various embodiments of the ninth aspect of the 
invention, the binding agents that speci?cally bind to a Gram 
negative bacterial antigen are detectably labeled With a 
reporter molecule. Preferably, the reporter molecule is a mol 
ecule With enZymatic activity, a radio-labeled molecule, a 
fusion molecule, a ?uorogenic molecule, a metal sol, a par 
ticle, a chromatic molecule, or a molecule that is speci?cally 
bound by a secondary binding agent. 
[0040] In a tenth aspect, the invention provides a kit for 
screening for the presence of a clinically relevant amount of 
bacteria in a donor tissue from a donor mammal for transfer to 
a recipient mammal, Wherein the tissue is stored in a ?uid, 
comprising a set of binding agents, Wherein the set of binding 
agents comprises binding agents that speci?cally bind to a 
Gram-negative bacterial antigen and binding agents that spe 
ci?cally bind to a Gram-positive bacterial antigen, and a 
means for detecting binding of the set of binding agents to a 
sample of the ?uid, Wherein binding indicates the presence of 
a clinically relevant amount of bacteria in the donor tissue and 
no binding indicates the absence of a clinically relevant 
amount of bacteria in the donor tissue. 

[0041] In certain embodiments of the tenth aspect of the 
invention, the kit further comprises a means for treating the 
sample, Wherein the treatment exposes a binding site for the 
binding agent on the Gram-negative bacterial antigen or on 
the Gram-positive bacterial antigen. In certain embodiments 
of the tenth aspect of the invention, the donor tissue deter 
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mined to have an absence of a clinically relevant amount of 
bacteria is transferred to a recipient mammal. Preferably, the 
donor mammal from Which the tissue Was obtained and the 
recipient mammal are of the same species. In certain pre 
ferred embodiments, the binding agents that speci?cally bind 
to a Gram-negative bacterial antigen comprise antibodies or 
antibody derivatives that speci?cally bind to a Gram-negative 
bacterial antigen. In certain preferred embodiments, the bind 
ing agents that speci?cally bind to Gram-negative bacteria or 
an antigen thereof comprise a molecule selected from the 
group consisting of a Limulus anti-lipopolysaccharide factor 
(LALF), a lipopolysaccharide binding protein (LBP), a bac 
tericidal/permeability-increasing protein (BPI), and an anti 
biotic, such as polymixin or bacitracin. Preferably, the bind 
ing agents that speci?cally bind to a Gram-negative bacterial 
antigen speci?cally bind to the lipopolysaccharide structure 
of the Gram-negative bacteria. In certain preferred embodi 
ments, the binding agents that speci?cally bind to a Gram 
positive bacterial antigen comprise antibodies or antibody 
derivatives that speci?cally bind to a Gram-positive bacterial 
antigen. In certain embodiments, the binding agents that spe 
ci?cally bind to a Gram-positive bacterial antigen comprise 
an antibiotic, Wherein the antibiotic is not vancomycin. Pref 
erably, the binding agents that speci?cally bind to a Gram 
positive bacterial antigen speci?cally bind to the lipotechoic 
acid structure of the Gram-positive bacteria. 

[0042] In various embodiments of the tenth aspect of the 
invention, the binding agents that speci?cally bind to a Gram 
negative bacterial antigen are detectably labeled With a ?rst 
reporter molecule and the binding agents that speci?cally 
bind to a Gram-positive bacterial antigen are detectably 
labeled With a second reporter molecule. In certain embodi 
ments, the ?rst reporter molecule and the second reporter 
molecule are the same. In another embodiment, the ?rst 
reporter molecule and the second reporter molecule are not 
the same. Preferably, one orboth of the ?rst reporter molecule 
and the second reporter molecule is a molecule With enZy 
matic activity, a radio-labeled molecule, a fusion molecule, a 
?uorogenic molecule, a metal sol, a particle, a chromatic 
molecule, or a molecule that is speci?cally bound by a sec 
ondary binding agent. 
[0043] In an eleventh aspect, the invention provides a kit for 
screening for the presence of a clinically relevant amount of 
Gram-positive bacteria in a donor tissue from a donor mam 
mal for transfer to a recipient mammal, Wherein the donor 
tissue is stored in a ?uid, comprising a set of binding agents, 
Wherein the set of binding agents comprises binding agents 
that speci?cally bind to a Gram-positive bacterial antigen, 
and a means for detecting binding of the set of binding agents 
to a sample of the ?uid, Wherein binding indicates the pres 
ence of a clinically relevant amount of Gram-positive bacteria 
in the donor tissue and no binding indicates the absence of a 
clinically relevant amount of Gram-positive bacteria in the 
donor tissue. 

[0044] In certain embodiments of the eleventh aspect of the 
invention, the kit further comprises a means for treating the 
sample, Wherein the treatment exposes a binding site for the 
binding agent on the Gram-positive bacterial antigen. In cer 
tain embodiments, the donor tissue determined to have an 
absence of a clinically relevant amount of Gram-positive 
bacteria is transferred to a recipient mammal. Preferably, the 
donor mammal and the recipient mammal are of the same 
species. In certain preferred embodiments, the binding agents 
that speci?cally bind to a Gram-positive bacterial antigen 



US 2010/0129836 A1 

comprise antibodies or antibody derivatives that speci?cally 
bind to a Gram-positive bacterial antigen. In certain embodi 
ments, the binding agents that speci?cally bind to a Gram 
positive bacterial antigen comprise an antibiotic, Wherein the 
antibiotic is not vancomycin. Preferably, the binding agents 
that speci?cally bind to a Gram-positive bacterial antigen 
speci?cally bind to the lipotechoic acid structure of the Gram 
positive bacteria. 
[0045] In various embodiments of the eleventh aspect of the 
invention, the binding agents that speci?cally bind to a Gram 
positive bacterial antigen are detectably labeled With a 
reporter molecule. Preferably, the reporter molecule is a mol 
ecule With enZymatic activity, a radio-labeled molecule, a 
fusion molecule, a ?uorogenic molecule, a metal sol, a par 
ticle, a chromatic molecule, or a molecule that is speci?cally 
bound by a secondary binding agent. 
[0046] In a tWelfth aspect, the invention provides a kit for 
screening for the presence of a clinically relevant amount of 
Gram-negative bacteria in a donor tissue from a donor mam 
mal for transfer to a recipient mammal, Wherein the donor 
tissue is stored in a ?uid, comprising a set of binding agents, 
Wherein the set of binding agents comprises binding agents 
that speci?cally bind to a Gram-negative bacterial antigen, 
and a means for detecting binding of the set of binding agents 
to a sample of the ?uid, Wherein binding indicates the pres 
ence of a clinically relevant amount of Gram-negative bacte 
ria in the donor tissue and no binding indicates the absence of 
a clinically relevant amount of Gram-negative bacteria in the 
donor tissue. 

[0047] In certain embodiments of the tWelfth aspect of the 
invention, the kit further comprises a means for treating the 
sample, Wherein the treatment exposes a binding site for the 
binding agent on the Gram-negative bacterial antigen. In cer 
tain embodiments, the tissue determined to have an absence 
of a clinically relevant amount of Gram-negative bacteria is 
transferred to a recipient mammal. Preferably, the donor 
mammal and the recipient mammal are of the same species. In 
certain preferred embodiments, the binding agents that spe 
ci?cally bind to a Gram-negative bacterial antigen comprise 
antibodies or antibody derivatives that speci?cally bind to a 
Gram-negative bacterial antigen. In certain preferred 
embodiments, the binding agents that speci?cally bind to a 
Gram-negative bacterial antigen comprise a molecule 
selected from the group consisting of a Limulus anti-li 
popolysaccharide factor (LALF), a lipopolysaccharide bind 
ing protein (LBP), a bactericidal/permeability-increasing 
protein (BPI), and an antibiotic, such as polymixin or baci 
tracin. Preferably, the binding agents that speci?cally bind to 
a Gram-negative bacterial antigen speci?cally bind to the 
lipopolysaccharide structure of the Gram-negative bacteria. 
[0048] In various embodiments of the tWelfth aspect of the 
invention, the binding agents that speci?cally bind to a Gram 
negative bacterial antigen are detectably labeled With a 
reporter molecule. Preferably, the reporter molecule is a mol 
ecule With enZymatic activity, a radio-labeled molecule, a 
fusion molecule, a ?uorogenic molecule, a metal sol, a par 
ticle, a chromatic molecule, or a molecule that is speci?cally 
bound by a secondary binding agent. 
[0049] In various embodiments of the seventh, eighth, 
ninth, tenth, eleventh, and tWelfth aspects of the invention, the 
donor tissue is preferably lung, heart, liver, skin, kidney, 
pancreas, spleen, or bone marroW. 
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[0050] In certain preferred embodiments of all of the above 
aspects of the invention, the set of binding agents is immobi 
liZed on a solid-phase support (e. g., a micro-titer plate). 
[0051] In preferred embodiments of the ?rst, second, third, 
fourth, ?fth, sixth, seventh, eighth, ninth, tenth, eleventh, and 
tWelfth aspects of the invention, the donor and/or recipient 
mammal is a human or a domesticated mammal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0052] FIG. 1 is a schematic representation of a typical 
Gram-positive cell Wall membrane. FIG. 2 is a schematic 
representation of the structure of lipopolysaccharide (LPS) 
found in the cell Wall of Gram-negative bacteria. 
[0053] FIGS. 3A-3D are schematic representations of a 
device according to an embodiment of the invention. FIG. 3A 
shoWs the device absent addition of a sample of blood or a 
blood product (or absent the addition of a ?uid in Which a 
donor tissue is stored). FIG. 3B shoWs the device at the point 
in time When the sample of blood or blood product is added. 
FIG. 3C shoWs the contact of the sample of bodily ?uid With 
the device. FIG. 3D shoWs a positive result using the device 
according to the invention, indicating the sample of blood or 
blood product tested Was contaminated With a micro-organ 
ism. 

[0054] FIGS. 4A-4D are schematic representations of a 
method according to the invention. FIG. 4A shoWs the addi 
tion of a sample of blood, blood product, or ?uid in Which 
donor tissue is stored to the test device. FIG. 4B shoWs the 
addition of a latex beads coated With antibodies that speci? 
cally bind to both Gram-negative and Gram-positive bacteria 
to the test device. FIG. 4C shoWs the mixing of the sample 
With the antibody-coated latex beads in the test device. FIG. 
4D shoW the visual results of negative binding (i.e., no bac 
teria in the sample; left) and binding (i.e., presence of bacteria 
in the sample; right). 
[0055] FIG. 5 is a graphical representation of the number of 
different (indicated) Gram-positive bacteria speci?cally 
bound by a non-limiting binding agent of the invention, anti 
lipoteichoic acid antibody. 
[0056] FIG. 6 is a graphical representation of the number of 
different (indicated) Gram-negative bacteria speci?cally 
bound by a non-limiting binding agent of the invention, anti 
lipopolysaccharide antibody. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0057] The invention relates to the detection of a clinically 
relevant amount of a contaminating bacteria in blood or a 
blood product or a donor tissue, particularly donated blood or 
a blood product or donated tissue that is transferred from a 
donor individual to a recipient individual. The invention pro 
vides rapid antigen binding-based methods and kits for 
detecting clinically relevant amounts of micro-organisms in 
blood or a blood products or in the ?uid in Which a donor 
tissue is stored. The invention arises from the recognition that 
the exact identity of the contaminating bacteria in the donor 
blood or a blood product or the donor tissue to be used for 
transfusion or transplantation is irrelevant. Accordingly, the 
invention provides methods using binding agents that speci? 
cally bind to both Gram-positive and Gram-negative bacteria 
to detect any binding to a sample of blood or a blood product 
or to a sample of a ?uid in Which a donor tissue is stored. Thus, 
if any binding is detected, the blood orblood product or donor 
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tissue is known to be contaminated, and Will preferably not be 
used for transfer to another individual. 

[0058] The published patent and scienti?c literature 
referred to herein establishes knowledge that is available to 
those With skill in the art. The issued patents, applications, 
and references that are cited herein are hereby incorporated 
by reference to the same extent as if each Was speci?cally and 
individually indicated to be incorporated by reference. Any 
inconsistency betWeen these publications and the present dis 
closure shall be resolved in favor of the present disclosure. 
[0059] In a ?rst aspect, the invention provides a method for 
screening for the presence of a clinically relevant amount of 
bacteria in donorblood or a donor blood product from a donor 
mammal for transfer to a recipient mammal. The method 
comprises contacting a sample of blood or a blood product 
With a set of binding agents, Wherein the set of binding agents 
comprises binding agents that speci?cally bind to a Gram 
negative bacterial antigen and binding agents that speci?cally 
bind to a Gram-positive bacterial antigen, and determining 
binding of the set of binding agents to the sample, Wherein 
binding indicates the presence of a clinically relevant amount 
of bacteria in the donorblood orblood product and no binding 
indicates the absence of a clinically relevant amount of bac 
teria in the donor blood or blood product. In preferred 
embodiments, the donor and/ or recipient mammal is a human 
or a domesticated mammal (e.g., a cat, dog, horse, pig). 
[0060] As used herein, “blood or blood product” includes 
any cell found in blood orbone marroW, as Well as any product 
derived from the blood or bone marroW including, Without 
limitation, Whole blood, red blood cells, platelets, serum, 
plasma, hematopoietic stem cells, and leukocytes (including 
lymphocytes). The ordinarily skilled biologist Will under 
stand that Without addition of anti-clotting agents such as 
EDTA or heparin, Whole blood Will clot, rendering the major 
ity of the blood cells unusable in transfusion. Accordingly, 
included in the term, “blood or blood product,” is blood 
treated With any anti-clotting agent. In addition, during the 
isolation of particular blood products (e.g., platelets using 
platelet-phoresis), non-blood components, such as physi 
ological saline may be added to the blood. Accordingly, also 
included in the term, “blood or blood product,” is blood to 
Which has been added any biologically inert substance, such 
as physiological saline, Water, or a storage nutrient solution. 

[0061] As used herein, the term “clinically relevant 
amount” is used to mean an amount of bacteria contamination 
in a blood or blood product that is equal to or higher than an 
amount that, When present in a blood or blood product trans 
fused into the typical transfusion recipient, induces, Without 
limitation, any one of the folloWing symptoms in the trans 
fused recipient: fever, chills, hypotension, nausea/vomiting, 
headache, dyspnea, oliguria, diarrhea, pain at site of infusion, 
urticaria, sWeating, chest pain, petecchiae and ecchymosis, 
disseminated intravascular coagulation, septic shock, organ 
failure, and death. (See, e.g., MorduchoWicZ, G. et al., 
RevieWs of Infectious Diseases 13: 307 (1991)). Because of 
the rapid division time of bacteria, the amount of bacteria in 
the blood should be determined as close to the transfusion 
time as possible. Typically, at the time of transfusion, a clini 
cally relevant amount is greater than l><l07 colony forming 
units (CFU) per ml of the blood or blood product. Preferably, 
at the time of transfusion, a clinically relevant amount is 
greater than l><l06 CFU/ml. More preferably, at the time of 
transfusion, a clinically relevant amount is greater than l><l05 
CFU/ml. Even more preferably, at the time of transfusion, a 

May 27, 2010 

clinically relevant amount is greater than l><l04 CFU/ml. 
Even more preferably, at the time of transfusion, a clinically 
relevant amount is greater than 1x 1 03 CFU/ml. Most prefer 
ably, at the time of transfusion, a clinically relevant amount is 
greater than l><l02 CFU/ml. Of course, one of ordinary skill 
in the transfusion medicine industry Will recogniZe that 
although some individuals, such as severely immunocompro 
mised patients or neWborns, Will have an immune system that 
is unable to clear an amount of bacteria that is beloW a clini 
cally relevant amount: HoWever, the ordinarily skilled prac 
titioner Will understand that the methods of the invention Will 
suf?ce for testing of blood and blood products to be used for 
transfusion in the vast majority of patients. 
[0062] As used herein, “speci?cally binds” means that a 
binding agent (e.g., an antibody) recogniZes and binds to a 
particular ligand (e.g., a polypeptide, carbohydrate, lipid, or 
glycoprotein), but does not substantially recogniZe and bind 
to other molecules in a sample, e.g., a biological sample that 
naturally includes many different proteins. LikeWise, a ligand 
bound by a binding agent that speci?cally binds that ligand is 
said to be “speci?cally bound” by that binding agent. The 
association formed betWeen the binding agent and its ligand 
may be covalent, and is preferably non-covalent. Preferably, 
a binding agent that speci?cally binds a ligand forms an 
association With that ligand With an a?inity of at least 106M“ 
1, more preferably, at least 107 M“, even more preferably, at 
least 108M_l, and most preferably, at least 109M“ either in 
Water, under physiological conditions, or under conditions 
Which approximate physiological conditions With respect to 
ionic strength, e.g., 140 mM NaCl, 5 mM MgCl2. 
[0063] As used herein, by “antigen” (for example, a Gram 
negative bacterial antigen or a Gram-positive bacterial anti 
gen) is meant any molecule, With the exception of nucleic acid 
molecules and peptidoglycans, in any structural conforma 
tion Which may be speci?cally bound by a binding agent. For 
example, a Gram-negative bacterial antigen is an antigen that 
is secreted by, internal to, or present on (or through) the cell 
membrane, cell Wall, or periplasmic space of a Gram-nega 
tive bacterium. The site on the antigen Which is bound by the 
binding agent is called a “binding site.” An antigen may be, 
Without limitation, a protein, a glycoprotein, a carbohydrate, 
or a lipid. Speci?cally excluded from the de?nition of antigen 
in accordance With the present invention are peptidoglycans 
and nucleic acid molecules, such as DNA or RNA 
[0064] As used herein, by “Gram-positive bacteria” is 
meant a strain, type, species, or genera of bacteria that, When 
exposed to the Gram stain, retains the dye and is, thus, stained 
blue-purple. 
[0065] As used herein, by “Gram-negative bacteria” is 
meant a strain, type, species, or genera of bacteria that, When 
exposed to the Gram stain does not retain the dye and is, thus, 
is not stained blue-purple. The ordinarily skilled practitioner 
Will recogniZe, of course, that depending on the concentration 
of the dye and on the length of exposure, a Gram-negative 
bacteria may pick up a slight amount of Gram stain and 
become stained light blue-purple. HoWever, in comparison to 
a Gram-positive bacteria stained With the same formulation of 
Gram stain for the same amount of time, a Gram-negative 
bacteria Will be much lighter blue-purple in comparison to a 
Gram-positive bacteria. 
[0066] The bacterial cell Wall is a complex, semi-rigid 
structure, Which de?nes the shape of the organism, surrounds 
the underlying fragile cytoplasmic membrane, and protects 
the bacterial cell from the external environment. The bacterial 
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cell Wall is composed of a macromolecular network known as 
the peptidoglycan, comprising carbohydrates and polypep 
tides that form a lattice around the bacterial cell. The bacterial 
cell Wall provides the mechanical stability for the bacterial 
cell and prevents osmotic lysis. Most relevant to the present 
invention, it is the chemical composition of the cell Wall that 
is used to differentiate the major species of bacteria. 
[0067] The cell Walls of different species of bacteria may 
differ greatly in thickness, structure and composition. HoW 
ever, there are tWo predominant types of bacterial cell Wall, 
and Whether a given species of bacteria has one or the other 
type of cell Wall can generally be determined by the cell’s 
reaction to certain dyes. Perhaps the most Widely-used dye for 
staining bacteria is the Gram stain. When stained With this 
crystal violet and iodine stain, bacteria Which retain the stain 
are called Gram-positive, and those that do not are called 
Gram-negative. 
[0068] The Gram-positive bacterial cell Wall contains a 
relatively thick coat of peptidoglycan. This structure is 
arranged as repeat carbohydrate units of N-acetylglu 
cosamine (NAG) and N-acetylmuramic (NAM) acid linked 
by [3-l,4 glycosidic bonds. The N-acetylmuramic acid resi 
dues are cross-linked to adjacent (NAM-NAG),C chains 
(Where x:any number) via tetrapeptides Where peptides 2 and 
3 may shoW some variability in the nature of the peptide. 
Some of the cross-links extend above and beloW the plane 
making multiple layers of the peptidoglycan. These polymers 
surround the surface of the cell, thereby de?ning the shape of 
the organism. 
[0069] Located Within the Gram-positive cell Wall is a 
lipopolymer compound containing lipoteichoic acids (LTA) 
that may make up considerable mass of the cell Walls of some 
species. 
[0070] These polymers are comprised of primarily glycerol 
(or ribitol) phosphate. FIG. 1 shoWs a schematic representa 
tion of a typical Gram-positive bacterial cell Wall membrane. 
Because of their high polarity and net positive charge, lipote 
ichoic acid structures are believed to regulate ion and nutrient 
?oW into and out of the bacterial cell. LTA structures are 
highly antigenic and can form the basis of the molecular 
speci?city required to enable broad-based detection of this 
class of bacteria. Because lipoteichoic acids are common in 
Gram-positive bacteria, test procedures that recogniZed this 
structure Would be highly indicative of Gram-positive bacte 
rial contamination. Since the chemical structure of the lipote 
ichoic acid polymers is reasonably conserved among the vari 
ous strains of Gram-positive bacteria, probing for the 
presence of this cell Wall structure alloWs the detection of 
multiple Gram-positive bacteria. 
[0071] The Gram-negative-type bacterial cell Wall is dis 
tinctly layered in appearance and is much thinner than the 
Gram-positive cell Wall. The Gram-negative bacterial cell 
Wall is similar to that of the Gram-positive in that it is built on 
a protein containing lipid bilayer; hoWever, the inWard facing 
lipids are phospholipids, Whereas the outWard facing lipids 
include macromolecules called lipopolysaccharides (LPS). 
This LPS structure creates a strong negative charge on the 
outside surface of the cell, Which is used for organism recog 
nition and survival. This LPS structure also provides the toxic 
effect of a Gram-negative infection and for this reason is also 
called “endotoxin”. 
[0072] The structure of the LPS component has been 
described in numerous studies and is shoWn in FIG. 2. In 
general, the LPS antigen structure can be described as con 
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taining three distinct regions. The outermost region, Which is 
called the O-speci?c region and consists of linear or branched 
chains of carbohydrates, is highly variable and is typically 
distinct in individual species. Serology tests utiliZe this dif 
ference to enable identi?cation of particular ‘ strains of 
Gram-negative bacteria. The presence of the O-chains create 
an appearance of a smooth surface on microscopic examina 
tion. In contrast, those species or mutants Without the O-spe 
ci?c side chains appear rough. Most Wild types are therefore 
termed as “smooth” strains, Whereas mutants Without this 
structure are termed “rough” strains. 
[0073] Internal to the O-speci?c region in the LPS structure 
is the core polysaccharide region, Which shoWs a high degree 
of homology betWeen genera. The core region can be further 
divided into tWo regions the “inner core” and the “outer core”. 
The outer core of the core region exhibits some variability but 
has common elements, and generally contains glucose, galac 
tose, N-acetyl-glucosamine, and other carbohydrates. The 
inner core of the core region of all LPS expressing Gram 
negative bacteria contains chemically identical structures. 
The inner core is comprised of heptose and 2-Keto-3 -deoxy 
octonate (KDO) residues. 
[0074] The internal most component of the LPS structure is 
the Lipid A structure, Which constitutes the chemically most 
uniform portion of the LPS. LipidA is comprised of a [3-glu 
cosaminyl-(lQ6)-0t-glucosamine disaccharide that is phos 
phorylated at each of its distal carbohydrate termini. The 
carbohydrate backbone is acylated at each of the 2,3 centers 
by substituted myristic acid derivatives. The fatty acid side 
chains shoW some minor degrees of species dependent modi 
?cation, but these fatty acids are incorporated into the cell 
membrane and are not available for immuno-recognition. 
Antibody generation is likely to be a result of the surfaced 
exposed bisphosphoryl-glucosamine disaccharide backbone 
structure that is highly conserved. 
[0075] The structural variability of the LPS structure 
decreases from the surface exposed O-speci?c region to the 
inner and outer core regions to the disaccharide derivative and 
membrane embedded lipidA component. The reason for this 
gradient of variability is believed to be the evolutionary pres 
sure exerted toWards the Gram-negative bacteria. It is con 
ceivable that the microbes changed their exposed surface 
structure over time to respond to this pressure. 

[0076] As With the lipoteichoic acid structures in Gram 
positive bacteria, the conserved lipopolysaccharide structures 
betWeen genera in Gram-negative bacteria can be used as a 
methodology for broad-based detection. These unique targets 
(lipoteichoic acids in Gram-positive and Lipid A or core 
regions of the LPS structure of Gram-negative) are the basis 
of the microorganism class detection methodology. 
[0077] As used herein, a “binding agent” is a molecule or 
macromolecule capable of binding to a ligand. Preferably, the 
binding agent of the invention is not a recombinant agent 
derived from an agent present in horseshoe crab (e. g., Li mulus 
polyphemus) that binds to endotoxin. Even more preferably, 
the binding agent of the invention is not a naturally-occurring 
agent present in horseshoe crab (e.g., Limulus polyphemus) 
that binds to endotoxin. A binding agent may be, Without 
limitation, an antibody, an antibiotic, a protein, a fusion pro 
tein (i.e., a protein comprising portions of tWo or more pro 
teins), or a chemical chelator. In certain preferred embodi 
ments, a binding agent according to the invention is a peptide 
or a peptidomimetic. For purposes of the invention, a “pep 
tide” is a molecule comprised of a linear array of amino acid 
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residues connected to each other in the linear array by peptide 
bonds. Such peptides according to the invention may include 
from about three to about 500 amino acids, and may further 
include secondary, tertiary or quaternary structures, as Well as 
intermolecular associations With other peptides or other non 
peptide molecules. Such intermolecular associations may be 
through, Without limitation, covalent bonding (e.g., through 
disul?de linkages), or through chelation, electrostatic inter 
actions, hydrophobic interactions, hydrogen bonding, ion 
dipole interactions, dipole-dipole interactions, or any combi 
nation of the above. 

[0078] In certain preferred embodiments, such a binding 
agent comprises a complementarity determining region 
(CDR) of an antibody Which binds under physiological con 
ditions to an antigen-containing epitope of a lipopolysaccha 
ride (LPS) structure of a Gram-negative bacteria or a lipo 
techoic acid (LTA) structure of a Gram-positive bacteria or a 
peptidoniimetic of such a complementarity determining 
region. For purposes of the invention, a “complementarity 
determining region of an antibody” is that portion of an anti 
body Which binds under physiological conditions to an 
epitope, including any framework regions necessary for such 
binding, and Which is preferably comprised of a subset of 
amino acid residues encoded by the human heavy chain V, D 
and J regions, the human light chain V and J regions, and/or 
combinations thereof. Examples of such preferred embodi 
ments include an antibody, or an antibody derivative, Which 
may more preferably be a monoclonal antibody, a human 
antibody, a humanized antibody, a single-chain antibody, a 
chimeric antibody, or an antigen-binding antibody fragment. 
[0079] Those skilled in the art are enabled to make any such 
antibody derivatives using standard art-recognized tech 
niques. For example, Jones et al. (Nature 321: 522-525 
(1986)) discloses replacing the CDRs of a human antibody 
With those from a mouse antibody. Marx (Science 229: 455 
456 (1985)) discusses chimeric antibodies having mouse 
variable regions and human constant regions. RodWell (Na 
ture 342: 99-100 (1989)) discusses loWer molecular Weight 
recognition elements derived from antibody CDR informa 
tion. Clackson (Br. J. Rheumatol. 3052: 36-39 (1991)) dis 
cusses genetically engineered monoclonal antibodies, includ 
ing Fv fragment derivatives, single chain antibodies, fusion 
proteins chimeric antibodies and humanized rodent antibod 
ies. Reichman et al. (Nature 332: 323-327 (1988)) discloses a 
human antibody on Which rat hypervariable regions have 
been grafted. Verhoeyen et al. (Science 239: 1534-1536 
(1988)) teaches grafting of a mouse antigen binding site onto 
a human antibody. 

[0080] In addition, those skilled in the art are enabled to 
design and produce peptidomimetics having binding charac 
teristics similar or superior to such complementarity deter 
mining region (see e.g., HorWell et al., Bioorg. Med. Chem. 4: 
1573 (1996); Liskamp et al., Recl. Tray. Chim. Pays-Bas 1: 
113 (1994); Gante et al., AngeW. Chem. Int. Ed. Engl. 33: 
1699 (1994); Seebach et al., Hely. Chim. Acta 79: 913 
(1996)). Accordingly, all such antibody derivatives and pep 
tidomimetics thereof are contemplated to be Within the scope 
of the present invention. Compositions according to the 
invention may further include physiologically acceptable 
diluents, stabilizing agents, localizing agents or buffers. 
[0081] Additional preferred binding agents according to 
the invention include small molecules, Which can be identi 
?ed using screening or rational design approaches as dis 
cussed later herein. 
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[0082] Most preferably, the binding agents of the present 
invention are antibodies, such as polyclonal antibodies or 
monoclonal antibodies, and/ or antibody derivatives. Genera 
tion of monoclonal and polyclonal antibodies is Well-Within 
the knoWledge of one of ordinary skill in the art of biology 
(see, e.g., Ausubel et al., Current Protocols in Molecular 
Biology, John Wiley & Sons, NeWYork, N.Y., 1994). A num 
ber of procedures are useful in producing antibodies to the 
desired unique target antigens. Traditional immunization and 
harvesting techniques Will result in the creation of polyclonal 
antibodies directed against the common determinants of the 
target bacterial species (LTA or LPS). Additionally, cellular 
hybridization techniques can be utilized to produce immortal 
hybridoma cell lines that generate speci?c monoclonal anti 
bodies to the target species. 
[0083] Antibodies having potential utility for broadly 
detecting Gram-positive bacteria include those described in 
Fisher et al., PCT Publication No. WO98/ 57994; Jackson, D. 
E. et al., Infection and Immunity 43: 800 (1984); Hamada, S. 
et al., Microbiol. Immunol. 28: 1009 (1984);Aasjord, P. etal., 
Acta Path. Microbiol. Immunol. Scand. Sect. C, 93: 245 
(1985); McDaniel, L. S. et al., Microbial Pathogenesis 3: 249 
(1987); Tadler, M. B. et al., Journal of Clinical Laboratory 
Analysis 3: 21 (1989); and Stuertz, K. et al., Journal ofClini 
cal Microbiology 36: 2346 (1998). 
[0084] Antibodies having potential utility for broadly 
detecting Gram-negative bacteria include those described in 
Nelles, M. J. et al., Infect. Immun. 46: 677 (1984); Teng, N. N. 
H. et al., Proc. Natl. Acad. Sci. USA 82: 1790 (1985); Dunn, 
D. L. et al., Surgery 98: 283 (1985); De Jongh-Leuvenink, J. 
et al., Eur. J. Clin. Microbiol. 5: 148 (1986); Bogard, W. C. et 
al., Infect. Immun. 55: 899 (1987); Pollack, M. et al., Bacte 
rial Endotoxins: Pathophysiological Effects, Clinical Signi? 
cance, and Pharmacological Control. pp. 327-338 Alan R. 
Liss, Inc. (1988); Priest, B. P. et al., Surgery 106: 147 (1989); 
Tyler, J. W. et al., Journal of Immunological Methods 129: 
221 (1990); Siegel, S.A. et al., Infect. Immun. 61: 512 (1993); 
Shelburne, C. E. et al., J. Periodont. Res. 28: 1 (1993); Di 
Pardova, F. E. et al., Infect. Immun. 61: 3863 (1993); and De 
Kievit, T. R. and Lam, J. S. J. Bacteriol. 176: 7129 (1994). 
[0085] The selection as to Which antibody(ies) to use can be 
done through classical techniques. Antibody speci?city, bind 
ing extent and kinetics can be characterized by empirically 
testing each antibody in an empirical format. Micro-titer 
screening formats are Well documented in the literature to aid 
in characterizing speci?c antibody response in any given 
immunoassay format. LikeWise, the activities of detectably 
labeled antibodies can be characterized by executing a variety 
of chemical conjugation techniques and screening the result 
ing product for the optimal performance parameters. The 
capture antibody and detectably labeled antibody can be 
screened against the clinical isolates of bacteria from retained 
platelet or red cell samples to emulate ?nal assay perfor 
mance as close to ?nal product embodiment as possible. This 
experimentation leads to the selection and optimization of 
antibody reagents for application in the various assay formats 
described beloW. If binding agents are identi?ed Which 
empirically perform better than the antibody alternatives 
described or generated, then they are evaluated in the same 
empirical format described for the antibodies. 
[0086] Monoclonal antibodies With speci?city toWards the 
unique cross-genus targets on the bacterial cell surfaces are 
utilized to develop a class detection assay format. If single 
antibody clones do not impart the detection sensitivity limit 
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desired (such as may be the case With substitutions on the LTA 
structure) for each species, blends of monoclonal antibodies 
could be utiliZed. Extensions beyond this for LPS could 
include the creation of polyclonal antisera With broad speci 
?city across the different Gram-negative species. Polyclonal 
antibodies can also be substituted in each of the described 
assay formats beloW. 
[0087] Yet another type of binding agent of the invention 
are binding receptors that are distinct from immunoglobulins. 
[0088] Certain preferred methods utiliZe the complexation 
of Gram-negative bacteria With such non-limiting species as 
Limulus anti-lipopolysaccharide factor (LALF), polymixins, 
Cationic Antimicrobial Protein (CAP18), Serum Myloid P, 
magainins, bactenecins, Toll-Like Receptor 4 (TLR-4), 
Lipopolysaccharide Binding Protein (LBP) and Bactericidal/ 
permeability-increasing protein (BPI), as Well as antibiotics 
such as Bacitracin and other antibiotics. Certain preferred 
methods utiliZe the complexation of Gram-positive bacteria 
With such non-limiting species as mannose binding protein 
(MBP), Toll-Like Receptor 2 (TLR-2), histatins, and antibi 
otics (e.g., gentamycin), Where the antibiotic is not vancomy 
cin. Certain preferred methods utiliZe the complexation of 
both Gram-negative and Gram-positive bacterial With such 
non-limiting species as CD14, ot-helical cationic peptides, 
lactoferricin B, platelet microbial proteins, and neutrophil 
peptides (Defensins). Each of these binding agents has the 
ability to bind to broad genera of bacteria and could be uti 
liZed in tandem or as an alternative to the immune complex 
ation reagents. 
[0089] The antibodies and binding agents indicated above 
can be utiliZed as described or modi?ed as necessary to pro 

duce a useful immunological reagent. 
[0090] According to the ?rst aspect of the invention, the 
presence or absence of binding may be determined according 
to standard techniques, including the use of binding assays 
according to the invention, as described beloW. In general, a 
determination of “binding” (i.e., presence of a clinically rel 
evant of bacteria in the blood or blood product) is found When 
the sample from the donor binds at least 0.5x higher than 
background binding, Where the background is a sample of 
blood or blood product that is free from any bacteria contami 
nation. For example, a sample of donor platelets is compared 
to a background comprising a sample of platelets that is free 
from any bacteria contamination. Thus, Where the back 
ground is 0.1 units (e.g., as determined by a micro-titer plate 
reader), a determination of “binding” is found When the 
sample from the donor blood or blood product is at least 0.15 
units. More preferably, a determination of “binding” is found 
When the sample from the donor binds at least 0.75>< higher 
than background binding. Even more preferably, a determi 
nation of “binding” is found When the sample from the donor 
binds at least l.0>< higher than background. Yet more prefer 
ably, a determination of “binding” is found When the sample 
from the donor binds at least l.25>< higher than background. 
Mo st preferably, a determination of “binding” is found When 
the sample from the donor binds at least 1.5x higher than 
background. 
[0091] In certain embodiments of the ?rst aspect of the 
invention, the sample is treated prior to or concomitantly With 
contacting the sample With the set of binding agents. Prefer 
ably, the treatment exposes a binding site for the binding 
agent on the Gram-negative bacterial antigen or on the Gram 
positive bacterial antigen. A binding site on a bacterial anti 
gen may be exposed by, for example, cleaving an antigen 
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from the cell Wall or cell membrane of the bacteria, thereby 
exposing the binding site; inducing the bacteria to secrete the 
antigen, thereby exposing the binding site; lysing the bacte 
ria, thereby releasing an intracellular bacterial antigen and 
thus exposing the binding site on the antigen; or by inducing 
a conformational change on the bacterial antigen, thereby 
exposing the binding site. Such treatments include mechani 
cal disruption of the bacterial cells in the sample by physical 
means, including, Without limitation, sonication, boiling, or 
homogenization using, for example, a Dounce homogeniZer. 
The treatment may also be treatment of the sample by chemi 
cal means With a compound or composition, such as deter 
gent, a basic solution (for alkaline lysis), an acidic solution 
(for acidic lysis), EDTA, EGTA, a metal ion, an anion, a 
cation, a surfactant, a chelator, and/or an enZyme, the treat 
ment exposes a binding site for the binding agent on the 
Gram-negative bacterial antigen or on the Gram-positive bac 
terial antigen. 
[0092] In one embodiment of the ?rst aspect of the inven 
tion, the donor blood or blood product determined to have an 
absence of a clinically relevant amount of bacteria is trans 
ferred to a recipient mammal. By “transfer” is meant the 
administration, transfusion, transplantation, or transmittance 
of the blood, blood product, and/or tissue from a donor mam 
mal to a recipient mammal. Preferably, the donor mammal 
from Which the sample of blood or blood product Was 
obtained and the recipient mammal are of the same species. 
According to the methods of the present invention, donor 
blood or a donor blood product may be rapidly screened for 
the presence of any contaminating bacteria, regardless of the 
strain or type of the contaminating bacteria. It Will be under 
stood that given the rapid propagation rate of bacteria in blood 
or a blood product, it is preferable to transfuse the intended 
recipient With the donor blood or blood product lacking a 
clinically relevant amount of bacteria, as determined accord 
ing to the invention, shortly folloWing testing. Preferably, the 
clinically relevant amount of bacteria-free donor blood or 
blood product is administered as a transfusion to the patient 
not more than 42 days folloWing the initiation of testing, more 
preferably, not more than 30 days post-testing, more prefer 
ably, not more than 2 Weeks post-testing, more preferably, not 
more than 7 days post-testing, still more preferably, not more 
than 3 days post testing, even more preferably, not more than 
2 days post testing, even more preferably, not more than 24 
hours post-testing, even more preferably, not more than 12 
hours post-testing, even more preferably, not more than 6 
hours post-testing, and most preferably, the donor blood or 
blood product found to lack a clinically relevant amount of 
bacteria is transfused into the recipient Within 3 hours of the 
initiation of testing. Most preferably, the blood or blood prod 
uct is Whole blood, hematopoietic stem cells, leukocytes, 
platelets, red blood cells, plasma, or serum. 

[0093] In certain preferred embodiments, the binding 
agents that speci?cally bind to a Gram-negative bacterial 
antigen comprise antibodies or antibody derivatives that spe 
ci?cally bind to a Gram-negative bacterial antigen. In certain 
preferred embodiments, the binding agents that speci?cally 
bind to a Gram-negative bacterial antigen comprise a mol 
ecule selected from the group consisting of a Limulus anti 
lipopolysaccharide factor (LALF), a lipopolysaccharide 
binding protein (LBP), a bactericidal/permeability-increas 
ing protein (BPI), and an antibiotic, such as polymixin or 
bacitracin. Preferably, the binding agents that speci?cally 
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bind to Gram-negative bacterial antigen speci?cally bind to 
the lipopolysaccharide structure of the Gram-negative bacte 
r1a. 

[0094] In certain preferred embodiments, the binding 
agents that speci?cally bind to Gram-positive bacterial anti 
gen comprise antibodies or antibody derivatives that speci? 
cally bind to Gram-positive bacterial antigen. In certain 
embodiments, the binding agents that speci?cally bind to 
Gram-positive bacterial antigen comprise an antibiotic, 
Wherein the antibiotic is not vancoymycin. Preferably, the 
binding agents that speci?cally bind to Gram-positive bacte 
rial antigen speci?cally bind to the lipotechoic acid structure 
of the Gram-positive bacteria. 
[0095] The ordinarily skilled biologist Will understand that 
any combination of one or more different binding agents may 
be employed in the invention. Thus, an antibiotic that speci? 
cally binds a subset of Gram-positive bacteria may be com 
bined With an antibody that speci?cally binds to the remain 
ing Gram-positive bacteria and a second antibody that 
speci?cally binds to all Gram-negative bacteria. 
[0096] In various embodiments of the ?rst aspect of the 
invention, the binding agents that speci?cally bind to a Gram 
negative bacterial antigen are detectably labeled With a ?rst 
reporter molecule and the binding agents that speci?cally 
bind to a Gram-positive bacterial antigen are detectably 
labeled With a second reporter molecule. In one embodiment, 
the ?rst reporter molecule and the second reporter molecule 
are the same. In another embodiment, the ?rst reporter mol 
ecule and the second reporter molecule are not the same. 
Preferably, one or both of the ?rst reporter molecule and the 
second reporter molecule is a molecule With enZymatic activ 
ity, a radio-labeled molecule, a fusion molecule, a ?uorogenic 
molecule, a metal sol (e.g., gold sol or silver sol), a particle, a 
chromatic molecule, or a molecule that is speci?cally bound 
by a secondary binding agent. By “secondary binding agent” 
meant a binding agent that speci?cally binds the binding 
agent that speci?cally binds Gram-negative bacteria, Gram 
positive bacteria, or both. For example, Where the binding 
agents that speci?cally bind Gram-negative bacteria and 
Gram-positive bacteria are all murine monoclonal antibodies, 
a secondary binding agent may be an anti-murine antibody. 
[0097] For example, a sample may be tested by FACScan 
analysis With the binding agents that speci?cally bind a 
Gram-positive bacterial antigen detectably labeled With FITC 
and the binding agents that speci?cally bind Gram-negative 
bacterial antigen detectably labeled With rhodamine. By 
screening for FITC and/or rhodamine staining, the sample 
may be determined to have no Gram-positive bacterial con 
tamination, but may be found to have a clinically relevant 
level of Gram-negative bacterial contamination. Preferably, 
Were this sample from a donor blood or blood product unit, 
the unit Would not be used for transfusion. 

[0098] The covalent coupling of a reporter molecule to a 
binding agent (such as an antibody or antibiotic) results in that 
binding agent being detectably labeled. The predominantly 
used reporter molecule in most immunoassay formats used 
today is a molecule With enZymatic activity. Binding agents 
are typically chemically coupled to enZymes. This produces a 
complex that retains immunological binding capability yet at 
the same time enables increased detection limits by utiliZing 
the ampli?cation capability of the enZyme/ substrate pair. 
Well over 20 different enZymes labels have been reported in 
the literature for enZyme conjugate production. Horseradish 
peroxidase, alkaline phosphatase and [3-galactosidase are by 
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far the most commonly utiliZed. The desired characteristics 
for an enZyme label includes, high speci?c activity, small 
siZe, reaction products are easily measured and stability of the 
complex. Horseradish peroxidase has been utiliZed With a 
hydrogen peroxide substrate and the folloWing dyes; Ortho 
phenylene diamine (OPD), Tetra-methylbenZidine (TMB), 
and Di-aminobenZidine (DAB). Alkaline phosphatase has 
been used With Para-nitrophenyl-phospahte (PNPP) and 
methyl-umbelliferone. [3-galactosidase uses O-Nitrophenyl 
[3-D-galactopyranoside (ONPG) as its substrate. 
[0099] Where the reporter molecule is an enZyme, enZy 
matic activity is dependent on the ability of the enZymatically 
active detectably labeled binding agent to speci?cally bind to 
the target ligand (e.g., LPA or LTA). The linkage of the 
enZyme to the antibody should not signi?cantly affect the 
capability of the binding agent to speci?cally bind to its 
target, and should not signi?cantly affect the catalytic activity 
of the enZyme. Typical cross-linking reactions utiliZe some 
type of hetero- or homo-bifunctional reagent to chemically 
bind the tWo species together. Commercially available sys 
tems exist today that can be readily employed by non-special 
ists. 
[0100] Alternatives to the enZyme labels as reporter mol 
ecules are particle labels. These can include latex particles; 
dye impregnated latex particles and metal particles such as 
gold or silver. Particle conjugates are convenient for visual 
endpoint assays. Commercially available particles come in 
the nanometer to micrometer range of siZes. SiZe of particle is 
important since it in?uences the endpoint detection. Latex 
particles as Well as metal particles are available With various 
chemically reactive moieties on the surface. The manufactur 
ers prepare these so that alternative conjugation procedures 
may be employed. 
[0101] Thus, a binding agent of the invention may be 
detectably labeled With a reporter molecule via intermolecu 
lar association, or may be detectably labeled via intermediate 
molecules to the reporter molecule by intermolecular asso 
ciation. Such intermolecular associations may be through, 
Without limitation, covalent bonding (e.g., through disul?de 
linkages), or through chelation, electrostatic interactions, 
hydrophobic interactions, hydrogen bonding, ion-dipole 
interactions, dipole-dipole interactions, or any combination 
of the above. Preferred reporter molecules include, Without 
limitation, radioisotopes, heavy metals, ?uorescent labels, 
chromatic labels, chemoluminescent labels, enZymes and 
enZyme substrates. Preferred biological samples include 
blood, serum, plasma, red blood cells, platelets, and White 
blood cells. In certain preferred embodiments, the method 
according to this aspect of the invention takes the form of a 
conventional immunoassay, such as ELISA or RIA. In 
another preferred embodiment, the method employs either 
direct or indirect immuno?uorescence. 

[0102] In a preferred embodiment of the ?rst aspect of the 
invention, the set of binding agents is immobiliZed on a solid 
phase support (e. g., a micro-titer plate). 
[0103] In a second aspect, the invention provides method 
for screening for the presence of a clinically relevant amount 
of Gram-positive bacteria in donor blood or a blood product 
from a donor mammal for transfer to a recipient mammal. The 
method comprises contacting a sample of the donor blood or 
a blood product With a set of binding agents, Wherein the set 
of binding agents comprises binding agents that speci?cally 
bind to Gram-positive bacterial antigen, and determining 
binding of the set of binding agents to the sample, Wherein 
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binding indicates the presence of a clinically relevant amount 
of Gram-positive bacteria in the donor blood or blood product 
and no binding indicates the absence of a clinically relevant 
amount of Gram-positive bacteria in the donor blood or blood 
product. Preferably, the donor and/ or recipient mammal is a 
human or a domesticated mammal. 

[01 04] In a third aspect, the invention provides a method for 
screening for the presence of a clinically relevant amount of 
Gram-negative bacteria in donor blood or a blood product 
from a donor mammal for transfer to a recipient mammal. The 
method in accordance With this aspect of the invention com 
prises contacting a sample of blood or a blood product With a 
set of binding agents, Wherein the set of binding agents com 
prises binding agents that speci?cally bind to Gram-negative 
bacterial antigen, and determining binding of the set of bind 
ing agents to the sample, Wherein binding indicates the pres 
ence of a clinically relevant amount of Gram-negative bacte 
ria in the donor blood or blood product and no binding 
indicates the absence of a clinically relevant amount of Gram 
negative bacteria in the donor blood or blood product. Pref 
erably, the donor and/or recipient mammal is a human or a 
domesticated mammal. 

[0105] In accordance With the second and third aspects of 
the invention, the terms, “binding,” “antigen,” “blood or 
blood product,” “Gram-positive bacteria,” “Gram-negative 
bacteria,” “clinically relevant amount,” “speci?cally binds,” 
and “binding agent” are de?ned above. It should be noted that 
the methods of the ?rst, second, and third aspects of the 
invention can be performed at the time of testing for ABO 
match, Rh match, and/or MHC match betWeen donor and 
recipient mammal. 
[0106] In certain embodiments of the second and third 
aspects of the invention, the sample is treated prior to or 
concomitantly With contacting the sample With the set of 
binding agents. Preferably, the treatment exposes a binding 
site of the binding agent on the Gram-positive bacterial anti 
gen or on the Gram-negative bacterial antigen. Methods for 
treating the sample to expose a binding site for the binding 
agent on either the Gram-positive bacterial antigen or Gram 
negative bacterial antigen are as described for the ?rst aspect 
of the invention. In certain embodiments, the donor blood or 
blood product determined to have an absence of a clinically 
relevant amount of Gram-positive bacteria according to the 
method of the second aspect of the invention is transferred to 
a recipient mammal. In certain embodiments, the donor blood 
orbloodproduct determined to have an absence of a clinically 
relevant amount of Gram-negative bacteria according to the 
method of the third aspect of the invention is transferred to a 
recipient mammal. Preferably, the donor mammal and the 
recipient mammal are of the same species. 

[0107] In certain preferred embodiments, the binding 
agents that speci?cally bind to a Gram-positive bacterial anti 
gen comprise antibodies or antibody derivatives that speci? 
cally bind to a Gram-positive bacterial antigen. In certain 
embodiments, the binding agents that speci?cally bind to a 
Gram-positive bacterial antigen comprise an antibiotic, 
Wherein the antibiotic is not vancomycin. Preferably, the 
binding agents that speci?cally bind to a Gram-positive bac 
terial antigen speci?cally bind to the lipotechoic acid struc 
ture of the Gram-positive bacteria. In certain preferred 
embodiments, the binding agents that speci?cally bind to a 
Gram-negative bacterial antigen comprise antibodies or anti 
body derivatives that speci?cally bind to a Gram-negative 
bacterial antigen. In certain preferred embodiments, the bind 
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ing agents that speci?cally bind to a Gram-negative bacterial 
antigen comprise a molecule selected from the group consist 
ing of a Limulus anti-lipopolysaccharide factor (LALF), a 
lipopolysaccharide binding protein (LBP), a bactericidal/per 
meability-increasing protein (BPI), and an antibiotic, such as 
polymixin or bacitracin. Preferably, the binding agents that 
speci?cally bind to a Gram-negative bacterial antigen speci? 
cally bind to the lipopolysaccharide structure of the Gram 
negative bacteria. 
[0108] In a fourth aspect, the invention provides a kit for 
screening for the presence of a clinically relevant amount of 
bacteria in donor blood or a donor blood product from a donor 
mammal for transfer to a recipient mammal comprising a set 
of binding agents, Wherein the set of binding agents com 
prises binding agents that speci?cally bind to Gram-negative 
bacterial antigen and binding agents that speci?cally bind to 
Gram-positive bacterial antigen, and a means for detecting 
binding of the set of binding agents to a sample of the donor 
blood or blood product, Wherein binding indicates the pres 
ence of a clinically relevant amount of bacteria in the donor 
blood or blood product and no binding indicates the absence 
of a clinically relevant amount of bacteria in the donor blood 
or blood product. In preferred embodiments, the donor and/ or 
recipient mammal is a human or a domesticated mammal. 

[0109] In accordance With the fourth aspects of the inven 
tion, the terms, “binding,” “antigen,” “blood or blood prod 
uct,” “Gram-negative bacteria,” “Gram-positive bacteria,” 
“clinically relevant amount,” “speci?cally binds,” and “bind 
ing agent” are de?ned above. 
[0110] As used herein, by “means for detecting binding” is 
meant any method knoWn in the art to detect binding of a 
binding agent to a target ligand (i.e., to a LPS or LTA structure 
antigen). Preferred means for detecting binding include the 
immunoassays described beloW. Various “means for detect 
ing binding” are knoWn to the ordinarily skilled biologist and 
include, Without limitation, lateral ?oW assay, ELISA, RIA, 
FACScan analysis, Western blotting analysis, immunopre 
cipitation, agglutination assays, particle-based and separa 
tion and non-separation assays. Separation (“heteroge 
neous”) assays are assays in Which bound and free labeled 
species are separated. Non-separation (“homogeneous”) 
assays are assays in Which binding of the labeled species to 
the complimentary binder modulates a property of the label, 
and therefore bound and free components can be distin 
guished Without using a separation step. Separation assays 
may be divided into tWo basic formats, competitive assays, in 
Which analyte and labeled analyte compete for a limited num 
ber of binding sites, and sandWich (“extraction”) assays in 
Which a reagent in excess extracts analyte from a sample. 
Reagents and samples may be mixed simultaneously or 
sequentially depending on the protocol developed. To 
improve assay sensitivity, one component may be labeled 
With a substance that can amplify the signal to detect a small 
number of binding events, this may include; radioisotopes, 
?uorescent dyes, enZymes, chemiluminescent compounds, 
metal atoms, metal sols or compounds, stable free radicals, 
viruses or bacteriophages, cofactors, latex particles sub 
strates, erythrocytes, antibodies, inhibitors, apoenZymes, 
electroactive substances, fogging agents, spectral sensitiZers, 
colored dyes, phosphorescent dyes, liposomes and electro 
phores. 
[0111] It Will be understood that any of these means for 
detecting binding may employ automation to perform and/or 
analyZe the results of the assay. 
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[0112] In certain embodiments of the fourth aspect of the 
invention, the kit further comprises means for treating the 
sample, Wherein the treatment exposes a binding site for the 
binding agent on the Gram-negative bacterial antigen or on 
the Gram-positive bacterial antigen. 
[0113] By “means for treating” is meant any method or 
treatment that exposes a binding site of the binding agent on 
the Gram-negative bacterial antigen or on the Gram-positive 
bacterial antigen thereof. Such means include, Without limi 
tation, physical manipulation, including homogeniZation 
(With, for example, a Dounce homogeniZer), sonication, and 
boiling. Other “means for treating” include treatment of the 
sample With chemical solutions or compound including, 
Without limitation, detergents (e. g., SDS or triton-X), alkaline 
lysis solutions (e.g., a basic solution), acidic lysis solutions 
(e.g., an acidic solution), EDTA, EGTA, surfactants, metal 
ions, cations, anions, chelators, and enZymes. 
[0114] In one embodiment of the fourth aspect of the inven 
tion, the donor blood or blood product determined to have an 
absence of a clinically relevant amount of bacteria is trans 
ferred to a recipient mammal, Wherein the donor mammal 
from Which the sample of blood or blood product Was 
obtained and the recipient mammal are of the same species. 
Preferably, a kit of the invention is kept at the location (e.g., 
hospital) Where the recipient patient Will be administered the 
transfusion of donor blood orbloodproduct. Using a kit of the 
invention, the attending health care professional can quickly 
determine if the donor blood is free of a clinically relevant 
amount of a contaminating bacteria. Once such a determina 
tion is made, and the blood or blood product is found to be free 
of a clinically relevant amount of bacteria contamination, the 
blood or blood product may be transfused to the recipient 
patient. 
[0115] In preferred embodiments of the fourth aspect of the 
invention, the binding agents that speci?cally bind to a Gram 
negative bacterial antigen comprise antibodies or antibody 
derivatives that speci?cally bind to a Gram-negative bacterial 
antigen. In certain preferred embodiments, the binding agents 
that speci?cally bind to a Gram-negative bacterial antigen 
comprise a molecule selected from the group consisting of a 
Limulus anti-lipopolysaccharide factor (LALF), a 
lipopolysaccharide binding protein (LBP), a bactericidal/per 
meability-increasing protein (BPI), and an antibiotic, such as 
polymixin or bacitracin. Preferably, the binding agents that 
speci?cally bind to a Gram-negative bacterial antigen speci? 
cally bind to the lipopolysaccharide structure of the Gram 
negative bacteria. In a certain preferred embodiment, the 
binding agents that speci?cally bind to a Gram-positive bac 
terial antigen thereof comprise antibodies or antibody deriva 
tives that speci?cally bind to a Gram-positive bacterial anti 
gen. In certain embodiments, the binding agents that 
speci?cally bind to a Gram-positive bacterial antigen com 
prise an antibiotic, Wherein the antibiotic is not vancomycin. 
Preferably, the binding agents that speci?cally bind to a 
Gram-positive bacterial antigen speci?cally bind to the lipo 
techoic acid structure of the Gram-positive bacteria. 
[0116] In various embodiments of the fourth aspect of the 
invention, the binding agents that speci?cally bind to a Gram 
negative bacterial antigen are detectably labeled With a ?rst 
reporter molecule and the binding agents that speci?cally 
bind to a Gram-positive bacterial antigen are detectably 
labeled With a second reporter molecule. In one embodiment, 
the ?rst reporter molecule and the second reporter molecule 
are the same. In another embodiment, the ?rst reporter mol 
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ecule and the second reporter molecule are not the same. 
Preferably, one or both of the ?rst reporter molecule and the 
second reporter molecule is a molecule With enzymatic activ 
ity, a particle (e.g., a gold sol particle or a latex particle), a 
radio-labeled molecule, a fusion molecule, a ?uorogenic mol 
ecule, a chromatic molecule, or a molecule that is speci?cally 
bound by a secondary binding agent. Such detectably labeled 
binding agents of the kit of the invention as are described 
above. It Will be understood that Where the reporter molecule 
detectably labeled to the binding agent is a molecule With 
enZymatic activity, the substrate for the enZyme is also 
included in the kit of the invention. 
[0117] In a preferred embodiment of the fourth aspect of 
the invention, the set of binding agents is immobiliZed on a 
solid-phase support (e.g., a micro-titer plate). 
[0118] In a ?fth aspect, the invention provides a kit for 
screening for the presence of a clinically relevant amount of 
Gram-positive bacteria in donor blood or a donor blood prod 
uct from a donor mammal for transfer to a recipient mammal 
comprising a set of binding agents, Wherein the set of binding 
agents comprises binding agents that speci?cally bind to a 
Gram-positive bacterial antigen, and a means for detecting 
binding of the set of binding agents to a sample of the donor 
blood or blood product, Wherein binding indicates the pres 
ence of a clinically relevant amount of Gram-positive bacteria 
in the donor blood or blood product and no binding indicates 
the absence of a clinically relevant amount of Gram-positive 
bacteria in the donor blood or blood product. Preferably, the 
donor and/ or recipient mammal is a human or a domesticated 
mammal 
[0119] In a sixth aspect, the invention provides a kit for 
screening for the presence of a clinically relevant amount of 
Gram-negative bacteria in donor blood or a donor blood prod 
uct from a donor mammal for transfer to a recipient mammal 
comprising a set of binding agents, Wherein the set of binding 
agents comprises binding agents that speci?cally bind to a 
Gram-negative bacterial antigen, and a means for detecting 
binding of the set of binding agents to a sample of the donor 
blood or blood product, Wherein binding indicates the pres 
ence of a clinically relevant amount of Gram-negative bacte 
ria in the donor blood or blood product and no binding indi 
cates the absence of a clinically relevant amount of Gram 
negative bacteria in the donor blood or blood product. 
Preferably, the donor and/ or recipient mammal is a human or 
a domesticated mammal. 

[0120] In accordance With the ?fth and sixth aspects of the 
invention, the terms, “means for binding,” “binding,” “anti 
gen,” “blood or blood product,” “Gram-negative bacteria,” 
“Gram-positive bacteria,” “clinically relevant amount,” “spe 
ci?cally binds,” and “binding agent” are de?ned above. 
[0121] In preferred embodiments of the ?fth and sixth 
aspects of the invention, the kit further comprises means for 
treating the sample, Wherein the treatment exposes a binding 
site for the binding agent on the Gram-negative bacterial 
antigen or on the Gram-positive bacterial antigen. “Means for 
treating” is as de?ned in the fourth aspect of the invention. 
[0122] Any of the kits of the fourth, ?fth, and sixth, aspects 
of the invention may be employed at the same time as ABO 
matching, Rh matching, and/ or MHC matching of the donor 
blood or blood product and the intended recipient. Preferably, 
the clinically relevant amount of bacteria-free donor blood or 
blood product is administered as a transfusion to the patient 
not more than 42 days folloWing the initiation of testing, more 
preferably, not more than 30 days post-testing, more prefer 


















