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7) ABSTRACT

The invention concerns an improved pyrogenicity test for
use in automated immunoassay systems, in which a sample
is incubated with a monocyte-containing reagent in a pyro-
gen-free assay system preferably comprising a surface
coated with pyrogen-free anti-cytokine antibodies. The
invention also concerns pyrogen-free assay systems coated
with pyrogen-free antibodies for use in these tests. The
invention also relates to a test to measure the basal produc-
tion of endogenous mediators of the inflammatory response
by leukocytes and a method of measuring the capacity of a
leukocyte to respond to a stimuli.



a410a ul (w/n3) [uxolopuz 4sSn] oy
ot

US 2001/0034037 A1

0
- 0005
NS
o
=]
y—
m - 00001
N
e
=
S
" - 000G1
)53
-
= - 00002
= leuld pooig % /9'01l B
S leuld paojg % 05 N
E
.m pooilg juadiad oa0se
.m POOig 9|oYAn uBWINH o4jn U O asuodsay] 9-11
2
: / O/
[~

(Jwbd) esuodsay 9-7|y



US 2001/0034037 A1

Patent Application Publication Oct. 25,2001 Sheet 2 of 6

(w/n3) [uixojopug]

00l oL l L°0 L0°0
: : - 0
- 00S.2
L°L & - 000651
80
- 00622
oL glouoq = - 0000¢
ZzJdouoqg a
05 louo
as b a o | oosze
Ayngenen Jouoq
POOIg 8JOYAA uewINH oA U jo 9suodsay g-7i
Z 9l

I

(quybd) g



US 2001/0034037 A1

Patent Application Publication Oct. 25,2001 Sheet 3 of 6

00l

(w/n3) [uxotopug] Boj
oL L

}'o

e ———o—

noy yz
noy oz
Jnoy g
Jnoy g
Jnoy ¥
noyz

O P>rNOGLCS

el ] uoneqnoul

POOIE SJOUM ueWINH oiA U Jo asuodsay 9

100
- 0
~ 0002
- 000y .
-
. (0)]
- 0009 .u%
174
B
- 0008 3
w
®
N <)
00001 M
=2
- 0002 T
- 00011
00091

9/



Patent Application Publication Oct. 25,2001 Sheet 4 of 6

FI1G. <

US 2001/0034037 A1

H

I | + VSH
i’ GZ'0 + VSH

6000

T VSH
- b
H l, _
‘ -
— =
228 )
o © L
T o 900
F £
= 00 -
| :
o

5000 -

4000
3000 -
2000
1000 -

(qwy6d) g-7y



Patent Application Publication Oct. 25,2001 Sheet 5 of 6 US 2001/0034037 A1

h‘ﬂq.
L—ﬁ"-
(9
T N £
— S
)
de
r e D
sk
7P L 3
PL < 1o
== d
IU' -o
Q

2000 -
1500 -
1000 -

500 -

FlG. 5
3000
2500 -

(Tw/6d) esuodsay aupj03hn



Patent Application Publication Oct. 25,2001 Sheet 6 of 6 US 2001/0034037 A1

FIG G

—e— LPS
4
001 y 1os L 8)

|

3000 |

1

2000

IL-8 (pg/ml)

1000

2000

1

1500

1000

IL-8 (pg/ml)

500 |

M 0 0001 001 0.1 1 10 100 1000
Endotoxin (ng/mi)




US 2001/0034037 Al

PYROGENICITY TEST FOR USE WITH
AUTOMATED IMMUNOASSAY SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Provisional
Application Ser. No. 60/168,972 filed on Dec. 3, 1999,
which is hereby incorporated by reference in its entirety.

FIELD OF THE INVENTION

[0003] The invention concerns an improved pyrogenicity
test for use in automated immunoassay systems, in which a
sample is incubated with a monocyte-containing reagent in
a pyrogen-free assay system comprising a surface preferably
coated with pyrogen-free anti-cytokine antibodies. The
invention also concerns pyrogen-free assay systems coated
with pyrogen-free antibodies for use in these tests. The
invention also relates to a test to measure the basal produc-
tion of endogenous mediators of the inflammatory response
by leukocytes and a method of measuring the capacity of a
leukocyte to respond to a stimuli.

BACKGROUND OF THE INVENTION

[0004] When certain chemical or biological compounds
are brought into contact with the circulatory system of
humans or other mammals, they cause a systemic response
characterized by an elevation in body temperature, or fever.
Such materials are called “pyrogens” or “pyrogenic” com-
pounds. Compounds which pose a particular risk of pyro-
genicity include medical products which can be inhaled,
injected or infused, and medical devices such as membranes
or implanted materials. Even nutrients can represent a risk of
pyrogenicity. In addition to the pyrogenic nature of the
product itself or by-products of its production, bacterial
contamination of the product can often cause pyrogenicity.
This problem persists even if the product is “sterilized” by
heat or chemical methods, as the main pyrogenic component
of the bacteria, endotoxin (or cell wall lipopolysaccharide),
can remain after the bacteria are killed.

[0005] Usually, compounds which act as a pyrogen do so
by stimulating cytokine production in monocytes after con-
tact with tissue, cells or body fluids. It is these endogenously
produced cytokines which produce the fever response in the
affected organism. The most important known fever produc-
ing cytokines are the proteins interleukin-1 (IL-1), interleu-
kin-1ra (IL-1ra), interleukin-6 (IL-6), interleukin-8 (IL-8)
and tumor necrosis factor (TNF), as well as low molecular
weight lipid mediators such as prostaglandin E, (PGE,).
These compounds are routinely assayed by ELISA, or
enzyme-linked immunosorbent assays (for IL-1, IL6, or
TNEF), and EIA, or enzyme immunoassay (for PGE,).

[0006] In order to avoid a pyrogenic reaction and ensure
the safety of any drug or pharmaceutical product adminis-
tered parenterally, pyrogenic contamination must be moni-
tored to identify individual lots that are contaminated with
bacteria. Two pharmacopial methods, the Limulus ameb-
ocyte lysate (LAL) test and the rabbit pyrogen test, are
currently used routinely to monitor pyrogen contamination
in mass-produced pharmaceutical products.

[0007] The rabbit test is an in-vivo test which consists of
injecting a statistically significant number of rabbits with the
compound, and observing the average rise in body tempera-
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ture elicited in the test animals. Although the rabbit test is
responsive to a wide spectrum of pyrogenic agents, includ-
ing bacterial endotoxin, the rabbit test has a relatively low
sensitivity (ng endotoxin/ml) compared to other pyrogen
tests (pg endotoxin/ml for the LAL test). In addition, the
correlation between species of pyrogenic responses to com-
pounds is, at best, rough. It has been documented, for
instance, that the dose of bacterial endotoxin eliciting a
pyrogenic response varies as much as 10,000 times between
species. Rabbit tests have the further disadvantage of taking
one to two days to administer properly. The expense, relative
insensitivity, and ethical issues involved in animal testing
have made the rabbit test disfavored in recent years.

[0008] Among the compounds causing fever, one of the
best described is endotoxin (lipopolysaccharide, LPS),
which comes from the bacterial wall of Gram-negative
germs (Moltz et al, Neurosci. Biobehav. Rev., 1993, 17,
237-269; Tilders et al., Psychoneuroendocrinology, 1994,
19, 209-232; Rothwell, Crit. Rev. Neurobiol., 1994, 8, 1-10;
Zeisberger and Roth, Neuropsychobiology, 1993, 28, 106-
109). It was, therefore, thought to be generally useful to
replace expensive and time consuming rabbit experiments
with a direct LAL test for endotoxin. This approach has
obvious limitations. The LAL test is a very sensitive in-vitro
test; however, it only detects endotoxins from Gram-nega-
tive bacteria and gives false negative results with certain
products which can still stimulate monocytes to make pyro-
genic cytokines. The LAL test is also altered by endotoxin-
binding components that are present in blood or blood
components (Harris et al, J. Lab. Clin. Med., 1991, 118,
186-193; Emancipator et al., 1992, Infect. Immun., 60,
596-601; Read et al., Eur. Heart J, 1993, 14, 125-129).
Some of these endotoxin-binding components bind to LPS
and prevent it from being detected. These components may
also affect the immune reaction with monocytes, i.., the
primary pyrogenic reaction. This interference is problem-
atic, as testing for exogenous pyrogens in blood products is
essential in order to ensure safe administration of these
products in the clinical setting. On the other hand, the
Limulus test is so sensitive that it is easily prone to false
positive results due to impurities that are not relevant to
product quality (Fujiwara et al., Yakugaku Zasshi, 1990,
110, 332-340).

[0009] Tt has been observed that cytokines are produced by
whole blood when endotoxin is added, ex vivo. After
incubation of whole blood with Sal. minnesota lipopolysac-
charide for six hours, an increase in IL-1 § and TNF-a could
be detected in the culture by ELISA. (M. B. Finch, et al.,
“Cytokine Production In Whole Blood ex vivo,”Agents &
Actions 34:49-52 (1991), C. E. Desch, et al., ‘Production of
Human Tumor Necrosis Factor from Whole Blood Ex
Vivo,”Lymphokine Rsrch, 8:141-46 (1989)). In addition,
cultured monocyte cell lines have also been observed to
produce IL-1 p and IL-6 when incubated with E.coli endot-
oxin, and it has been suggested that such cell lines can be
used as an effective pyrogen test.(Taktak et al., “Assay of
Pyrogens by Interleukin-6 Release from Monocytic Cell
Lines,”J. Pharm. Pharmacol. 143:578-582 (1991)).

[0010] U.S. Pat. No. 5,891,728 describes a method of
bringing a sample of potentially pyrogenic material into
contact with human whole blood to release cytokines from
monocytes and other white blood cells. An advantage of this
procedure is that the use of a complete biological reagent
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(whole blood) allowed assessment of the exposure of
humans and other mammals to pyrogenic agents in the test
sample. All blood components that are needed for an inter-
action of the exogenous pyrogen with leukocytes (e.g., LPS
binding protein—LBP, soluble CD 14, etc.) are present.
After incubation of the sample with whole blood in a test
container, the incubation mixture is centrifuged, clarified,
and assayed for the presence of secreted cytokines in a
separate immunoassay step.

[0011] Although this test method is an improvement over
the LAL test, and potentially detects a large variety of
potential exogenous pyrogens other than endotoxin, it has
several disadvantages which prevent or severely limit its use
on an industrial scale. The two separate steps of culturing the
blood with test material and assaying the culture for cytok-
ine production are done in separate containers, requiring the
cultured material to be transferred to a new container for
immunoassay. The transfer of material necessitated by these
separate steps is not easily done utilizing modem quality
control assay equipment. Pyrogen tests are normally (and
preferably) carried out simultaneously, testing numerous lots
of pharmaceutical products for pyrogen contamination.
Thus, a need exists for a pyrogenicity test which can be
carried out in a single, assay container system, and which
combines the steps of sample incubation with the pyrogen-
detecting biological reagent and the capture of cytokine(s)
produced by the biological reagent.

SUMMARY OF THE INVENTION

[0012] Applicants have developed an in-vitro pyrogen test
that is very sensitive, detects any pyrogens capable of
producing a fever response (ie. endotoxins from Gram-
negative and Gram-positive bacteria and non-lipopolysac-
charide materials), and is inexpensive. Generally, the present
invention is drawn to a method of detecting pyrogens in a
sample by incubating the sample with a monocyte-contain-
ing reagent in a pyrogen-free assay system comprising a
surface coated with pyrogen-free anti-cytokine antibodies,
and assaying the assay system for the presence of cytokines
bound to the surface by the coating antibodies.

[0013] In preferred embodiments of the present invention,
the monocyte-containing reagent comprises whole blood,
such as whole human blood. The monocyte-containing
reagent may further comprise an anticoagulant or a diluent
or both.

[0014] Inpreferred embodiments of the pyrogen test of the
present invention, the cytokine assayed for in the assay
system is interleukin-1, interleukin-1ra, interleukin-6, inter-
leukin-8, tumor necrosis factor-a., or prostaglandin E,.

[0015] Inpreferred embodiments of the pyrogen test of the
present invention, the assay system is a microtiter well, and
the surface on which the antibody is coated is a portion of
the interior of the microtiter well.

[0016] Inpreferred embodiments of the pyrogen test of the
present invention, the pyrogen-free assay system is assayed
by a calorimetric enzyme-linked immunosorbent assay for
cytokine bound to the anti-cytokine antibody coated on the
surface of the assay system.

[0017] The present invention is also drawn to a pyrogen-
free assay system comprising a surface coated with pyrogen-
free anti-cytokine antibodies. In preferred embodiments of
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the invention, the assay system is a microtiter well wherein
a pyrogen-free antibody to a cytokine is coated on a portion
of the interior of the microtiter well. In more preferred
embodiments, the well is part of a planar array of similar
wells, situated so that the array of wells may be read with
automated immunoassay plate reading equipment. In pre-
ferred embodiments of assay system of the present inven-
tion, the cytokine to which the antibodies bind is interleukin-
1, interleukin-Ira, interleukin-6, interleukin-8, tumor
necrosis factor-a, or prostaglandin E,.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1: A chart of the IL-6 response of ex vivo
whole human blood stimulated with USP endotoxin as
described in Example 2, except that diaspirin crosslinked
hemoglobin (DCLHb)® was used instead of human serum
albumin in the test samples. The samples were incubated
overnight, and blood from a single donor was used. This
chart shows the effect of final blood concentration on the test
sensitivity. Although a more vigorous response to very low
endotoxin samples is seen in the 50% final volume test, the
20% final volume test provides a comparable response over
a wide range of endotoxin concentrations.

[0019] FIG. 2: A chart of the IL-6 response of ex vivo
whole human blood stimulated with USP endotoxin as
described in Example 3. Blood from three donors was
diluted to a final concentration of about 20%, and the
samples were incubated overnight. This chart shows the
donor effect on the test method of the present invention.
Although the absolute amount of IL.-6 generated by whole
human blood incubations from different donors varies con-
siderably (by 100% at high endotoxin concentrations), the
shape of the dose-response curve is very similar for all
donors. This chart illustrates the importance of generating a
standard curve from known endotoxin concentrations in
order to interpret the data generated by the method of the
invention, or by any method which utilizes whole human
blood as a reagent.

[0020] FIG. 3: A chart of the IL-6 response of ex vivo
whole human blood stimulated with USP endotoxin as
described in Example 4. Blood from a single donor, final
volume about 20%, was used. This chart shows the effect of
incubation time on the final concentration of IL-6 for various
endotoxin concentrations. After about 6 hours, minimal
additional IL-6 is generated by the monocytes in the whole
blood solution. Significant amounts of IL-6 are generated at
all concentrations after a 4 hour incubation period. A 2 hour
incubation period does not generate desirable levels of IT.-6.

[0021] FIG. 4: A chart of the IL-6 response of ex vivo
whole human blood stimulated with USP endotoxin as
described in Example 5. Blood from a single donor was
diluted to a final concentration of about 20%, and an
incubation time of 4 hours was used. This chart compares the
results obtained with the “two plate” assay described in U.S.
Pat. No. 5,891,728 and the “one plate” assay of the present
invention. As shown by these results, the one plate assay is
much more sensitive than the two plate assay, when per-
formed under similar conditions.

[0022] FIG. 5: A chart of the IL-6, TNF «, and IL-1 p
responses of ex vivo whole human blood stimulated with
USP endotoxin as described in Example 6. Blood from a
single donor was diluted to a final concentration of about
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20%, and an incubation time of 4 hours was used. This chart
compares the amounts of cytokines released in the “two
plate” assay described in U.S. Pat. No. 5,891,728 in a 4 hour
period.

[0023] FIG. 6: A chart of the IL-8 response of ex vivo
whole human blood stimulated with LPS or LOS endotoxin
as described in Example 7. Blood from two donors was
diluted to a final concentration of about 50%, and the
samples were incubated for four hours. This chart shows the
donor effect on the test method of the present invention.
Although the absolute amount of IL-8 generated by whole
human blood incubations from different donors varies con-
siderably, the shape of the dose-response curve is very
similar for both donors. This chart illustrates the importance
of generating a standard curve from known endotoxin con-
centrations in order to interpret the data generated by the
method of the invention, or by any method which utilizes
whole human blood as a reagent.

DEFINITIONS

[0024] As used herein, the term “pyrogen-free” means
substantially free of pyrogen contaminants so that back-
ground cytokine production is sufficiently reduced to enable
the desired detection sensitivity for the particular application
of the method of the invention. The amount of allowable
pyrogen contamination in the assay systems of the present
invention will thus vary with the particular item being tested.
For instance, blood products and solutions for large volume
injection must have very low levels of pyrogen (<0.25
EU/ml). Thus, when the method of the present invention is
used to test these products, the assay system cannot have
more than 0.06 EU/ml container volume of pyrogen con-
taminants. For general use in screening pharmacological
materials for injection, a pyrogen-free assay system prefer-
ably has no more than 0.25 EU/ml container volume of
pyrogen contaminants, more preferably no more than 0.06
EU/ml container volume of pyrogen contaminants, more
preferably no more than 0.03 EU/ml container volume of
pyrogen contaminants, and most preferably no more than
0.0125 EU/ml container volume of pyrogen contaminants.

[0025] The term “monocyte-containing reagent” means
any solution of monocytic leukocyte cells of the immune
system. Preferably, these cells are derived from the organism
to whom the product which is being tested is to be admin-
istered (i.c., human for pharmaceutical products, cat, dog,
horse, ete. for veterinary products). An example of a mono-
cyte-containing reagent is whole human blood.

[0026] The term “leukocyte-containing reagent” means
any solution of leukocyte cells of the immune system. An
example of a leukocyte-containing reagent is whole human
blood.

[0027] The term “assay system” means any container and
surface with bound antibody which may be used in an
immunoassay. Preferably, such containers are microtiter
well plates with antibody bound to a surface in the well, in
which a large number of colorimetric enzyme-linked immu-
noassays may be carried out in parallel and which may be
automatically evaluated by an ELISA plate reading machine.
However, other systems are envisioned, especially those
where the coated surface is not necessarily part of the wall
of the container. For instance, a larger test tube which
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contains a polystyrene bead or dipstick coated by the anti-
body could be used in the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0028] Pyrogens stimulate blood monocytes (as well as
other leukocytes) and macrophages to produce and release
numerous endogenous pyrogenic mediators of the inflam-
matory response, including cytokines (e.g. TNF-a, IL-1p,
and IL-6). The release of these pyrogenic mediators into the
circulation triggers a cascade of events leading to a fever
response in the affected individual. The in-vitro pyrogen test
of the present invention relies on the measurement of these
endogenous pyrogens as a marker for a fever response. In
the preferred pyrogen test of the present invention, a sample
is incubated with a monocyte-containing reagent in a pyro-
gen-free assay system comprising a surface coated with
pyrogen-free anti-cytokine antibodies, and the assay system
is assayed for the presence of cytokines bound to the surface
by the coating antibodies.

[0029] The pyrogen test of the present invention has been
shown to be more sensitive than the “two plate” assay
previously described, see FIG. 4. At the limit of detection of
the LAL test, 0.03 EU/ml, the two plate test produces an
IL-6 increase which is barely detectable over the back-
ground (0 EU/ml). However, the pyrogen test of the present
invention produces a clear, detectable increase in IL-6 at
0.03 EU/ml. These results indicate, by interpolation, that
even 0.01 EU/ml is detectable using the test of the present
invention. The ability of the test to detect minimal levels of
pyrogen is important, as product samples are often diluted
for testing, in order to conserve product and prevent product
interference with the test. The more sensitive the test, the
greater the “maximum valid dilution” of the test sample. In
addition, the test of the present invention allows better
detection of endotoxin contamination in blood products. As
HSA is a major component of many blood products, the
ability of a test to detect pyrogen contamination in HSA
samples as indicated by “spike recovery” of the IL-6 signal
when endotoxin is added, see FIG. 4, indicates that the test
of the present invention would be well suited for use in
testing blood products.

[0030] Any endogenous mediator of the inflammatory
response secreted by the monocyte-containing reagent that is
detectable may be used as the basis of the pyrogen test of the
present invention. Preferably, however, a cytokine or endot-
helin marker will be employed because due to their size,
they are easy to detect by the method of the invention. It has
been found that monocytes in whole blood incubated with
bacterial endotoxin produce several classes of cytokines,
including, but not limited to pro-inflammatory cytokines
(TNF-a, IL-1, IL-6), anti-inflammatory cytokines (IL-4,
IL-10, IL-13, IL-1ra, TGF), Thl (IL-2, IEN, IL-12), Th2
(IL-4, IL-5, IL-6, IL-10, IL-13), IL-1f, IL-1ra, IL-8 and
PGE,. Preferred cytokine markers for use in the invention
include TNF-a, IL-1§, TL-1ra, IL-6, IT-8 and PGE,. IL-6 is
a particularly preferred cytokine marker to assay in the
present invention. IL-6 is produced in detectable amounts
within a relatively short incubation period when endotoxin
is the pyrogenic agent (see FIG. 2 and FIG. 5). [mmunore-
active IL-6, unlike immunoreactive IL-13 and TNFa, is
secreted entirely into the cell-conditioned medium/blood, in
large quantities, permitting its complete estimation. In con-
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trast, immunoreactive TNFou and IL-1f remain largely intra-
cellular, raising the possibility that test preparations affect-
ing cell-permeability might more easily interfere in the test
with (immunoreactive) TNFa or IL-1§ as the readout, rather
than IL-6. Nevertheless, TNF-c. or IL-1f could also be used
as a cytokine marker in the present invention. TNF-a. is
produced earlier than IL-6 in the monocyte pyrogen
response. Thus, an embodiment of the invention which
assays TNF-o would use a shorter incubation time (~1 hour)
than embodiments which assay IL-6. Different pyrogenic
contaminants may elicit different cytokine responses in the
cell culture. Therefore, the invention may be tailored to
detect the formation of particular cytokines when contami-
nation with a particular pyrogen which causes secretion of
those cytokines is probable for a pharmaceutical product.

[0031] Once the cytokine to be assayed has been deter-
mined, a pyrogen-free antibody to that cytokine must be
made for use in the present invention. Polyclonal antibodies
purified under stringent conditions, as outlined in Example
1, work well in the pyrogen test. Because the animal blood
from which the polyclonal antibodies are isolated is natu-
rally pyrogen-free (if taken from healthy animals), one must
simply prevent contamination of the raw materials with
pyrogens during purification to obtain a pyrogen-free prod-
uct. Pyrogen-free buffers and solid phases are used in affinity
chromatography columns to obtain pyrogen-free polyclonal
antibodies as described in Example 1. Alternatively, mono-
clonal antibodies from hybridoma cultures could be used.
However, when using monoclonal antibodies, one must be
particularly careful to isolate the antibodies from any con-
taminating pyrogen which may be present in the hybridoma
cell culture.

[0032] For use in the present invention, the pyrogen-free
antibody to the cytokine is applied to a surface in a pyrogen-
free assay system. Methods, such as coating, for binding
antibodies onto a surface in an assay system, such as a
microtiter well, are well known in the biochemical arts.
Many assay systems are available commercially, and the
manufacturer usually provides materials and instructions for
coating antibodies onto a surface of the system. Because of
their ease of reading and the small sample volume required,
microtiter wells in which a portion of the interior surface of
the well is coated by the antibody are used in a preferred
embodiment of the present invention. In order to fully
exploit the advantages of the invention, it is preferred that
the microtiter well be part of a microtiter plate, which is a
planar array of similar wells, situated so that the array of
wells may be read with automated immunoassay plate
reading equipment (see, e.g., U.S. Pat. No. 5,281,540,
hereby incorporated by reference). Automated equipment
such as ELISA plate readers (e.g., the Ultramark Microplate
Reader, available from Bio-Rad Laboratories, Inc.), auto-
mate the assay evaluation process and greatly decrease the
per-test cost. Microtiter well plates are rendered pyrogen-
free (if not already supplied as such) and suitable for coating
with pyrogen-free antibody for use in the present invention
by extensive washing with pyrogen-free buffer. In a particu-
larly preferred embodiment of the present invention, pyro-
gen-free anti-IL-6 polyclonal antibodies are coated onto the
wells of an ELISA plate. However, other immuno-diagnostic
test formats (e.g., in which the pyrogen-free antibody is
coated on a dipstick or bead) are acceptable for use in the
present invention.
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[0033] In addition to the “capture” antibody, other pyro-
gen-free antibodies and reagents for use in assaying the
cytokine may be applied when making pyrogen-free micro-
titer plate systems for use in the present invention. For
instance, after the pyrogen-free capture antibody is applied
to the microtiter plate, the remaining binding sites of the
plate can be “blocked” with another protein. After blocking,
a pyrogen-free labeled detection antibody (such as a bioti-
nylated antibody) can be applied to the microtiter plate,
along with a protective glazing compound. Thus, when a
sample is incubated in the microtiter well, as described
below, the released cytokine is captured by the pyrogen-free
capture antibody bound to the well and labeled by the
detecting antibody simultaneously during the sample incu-
bation period.

[0034] As the first step in the pyrogen test of the present
invention, a monocyte-containing reagent and the sample
being tested are incubated in the assay system. The mono-
cytes in the monocyte-containing reagent preferably are
monocytes from the same species to whom the product
tested is to be administered (i.c., human for pharmaceutical
products; cat, dog, horse, etc. for veterinary products).
However, monocytes from other species with the desired
pyrogen reactivity may also be used. A preferred embodi-
ment of the in-vitro pyrogen test uses whole blood as the
monocyte-containing reagent. Preferably, blood for use as a
monocyte-containing reagent in the present invention is
fresh, or less than 24 hours old, and more preferably less
than 4 hours old. Solutions of monocytes isolated from
whole blood could be used as a biological reagent in the
present invention. However, isolation procedures may prime
for cytokine production by the monocytes, which can lead to
false positive results. As another alternative, solutions of
cultured monocyte cell lines may be used in the present
invention. However, these monocyte cell lines tend to
respond less vigorously than whole blood to pyrogen stimu-
lation, and can lose their cytokine secreting behaviors after
several dozen generations. It is, therefore, preferred to use
human or animal whole blood as the monocyte-containing
reagent for use in the invention. When whole blood is used,
the monocytes are in their natural environment and all serum
components which may influence their response to pyrogens
are present in solution. Anticoagulants may be used to retard
or prevent blood clotting. Suitable anticoagulants include
citrate (to a final concentration of 0.38%), heparin (sodium
heparinate), or fragmin (low molecular weight heparin).
Anticoagulant additives can be used without affecting the
response of the monocytes to pyrogens in the test sample.

[0035] In preferred embodiments, the whole blood is
diluted with an appropriate pyrogen-free buffer or other
diluent, such as RPMI cell culture media or physiological
saline. Whole blood is preferably diluted to at least 50%,
more preferably to about 5% to about 25%, and more
preferably about 20% of the final volume for incubation (sce
FIG. 1). By diluting whole blood, the IL-6 response curve
of the majority of donors may be brought within a compact
range that can be used to quantify a wider range of pyrogen
contamination concentrations (see FIG. 3).

[0036] During the incubation step, any laboratory equip-
ment or reagent used should be pyrogen-free. Any pyrogen
contamination at this stage of the test procedure can lead to
false positive results. Preferably, rigorous, sterile conditions
are maintained at all points in the procedure before the
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antibody coated surface is assayed for bound cytokine.
Incubation of test article with the monocyte-containing
reagent (such as heparinized whole blood) is performed
directly in the pyrogen-free assay system. The optimal
incubation time for use in the pyrogen test of the present
invention will vary depending on the cytokine which is
assayed. For IL-6, minimal additional cytokine is produced
by the monocyte-containing reagent after incubation for 6
hours (see FIG. 2). After 4 hours of incubation, a sufficient
amount of IL-6 has been secreted by the reagent to allow
quantification of the pyrogen contaminant. Thus, for an
embodiment of the present invention which assays IL-6
production, an incubation time of about 4 hours is preferred.
If another cytokine is assayed, the incubation period should
be optimized for the production of that particular cytokine.
Such optimization is within the abilities of the person of
ordinary skill in the art. If the cytokine to be assayed is not
released by the monocytes, a detergent may be added at the
end of the incubation period to lyse the cells.

[0037] Once the incubation is completed, the assay system
is assayed for the presence of cytokine on the surface coated
with the pyrogen-free anti-cytokine antibody. If an ELISA
plate coated with a capture antibody is used as the embodi-
ment of the present invention, the plate is washed, and a
second anti-cytokine antibody conjugated with an enzyme is
added to the ELISA plate (unless the second, labeled,
‘detecting’ antibody was initially added to the plate before
glazing or together with the test material or standard endot-
oxin prior to tissue culture). The ELISA plate is washed
again, and addition of a substrate to the ELISA plate will
produce a color. After a short incubation time, the reaction
is terminated, and the optical density of the solution is
measured on an ELISA plate reader. This process is further
described in Example 2. Alternatively, non-enzymatic
immunoassay techniques may be used. For instance, the
second antibody of the immunoassay “sandwich” may be
labeled with a fluorescent moiety or a radioactive isotope.
After washing, the amount of cytokine captured in the well
can be quantified by detecting the amount of fluorescence or
radiation present in the well. Several enzymatic and non-
enzymatic based assay systems are available commercially,
and can be easily modified for use in the present invention
by one of ordinary skill in the art.

[0038] In order to properly interpret the cytokine produc-
tion data generated in the pyrogen test of the present
invention, an endotoxin standard curve is generated by
incubating the monocyte-containing reagent with USP stan-
dard endotoxin. The purpose of this is to quantify the
cytokine production response measured for a test sample in
terms of the response observed for a known endotoxin. A
standard curve may be generated from any statistically
significant number of data points generated with signifi-
cantly varied concentrations of standard endotoxin by uti-
lizing standard best-fit data analysis software. Methods of
generating such standard curves are generally known in the
art. Applicants have found that data points of 10, 4, 1, 0.25,
0.06, 0.03, and 0 EU/ml of endotoxin are suitable for
generating a standard curve, but any statistically significant
number of concentrations through a similar range would be
suitable. Once a standard curve is generated, the equivalent
endotoxin concentration may be interpolated from the cytok-
ine response using the standard curve. As the response of
whole blood-based monocyte-containing reagents can vary
significantly from donor to donor (see FIG. 3), it is impor-
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tant to generate a standard curve for each set of assays
performed with a particular Iot of monocyte-containing
reagent. However, because the preferred ELISA plate
embodiment of the invention utilizes very small amounts of
human blood (about 40 ul /well), a single unit of donated
blood can be used for several hundred tests. The standard
curve generated using the USP endotoxin aids in the nor-
malization of the data in terms of relating to endotoxin units
(EU, as defined by the USP/FDA, which are identical to IU,
international units as defined by WHO), which is the indus-
try standard for expressing pyrogen contamination.

[0039] The present procedure is highly sensitive to endot-
oxin. Picogram per ml amounts of endotoxin are able to
effect the release of cytokines by the monocyte-containing
reagent. However, pyrogens other than endotoxin are also
detected using the test of the present invention. For instance,
Gram-positive bacteria (e.g., Staphylococcus aureus) or
their components (e.g., muropeptide, lipoteichoic acid,
enterotoxins, streptolysin) are detected, as well as imnune
stimulators such as phytohemagglutimin or phorbolester.
Because the test utilizes the cytokine response of monocytes
to diverse pyrogens rather than being only Gram-negative
bacterial endotoxin specific reaction, a wide spectrum of
pyrogenic agents can be detected with the test of the present
invention.

[0040] The one-plate assay method of the present inven-
tion may be employed in any application that utilizes the
two-plate assay. In a preferred embodiment, however, the
method is used to test a variety of products for pharmaceu-
tical use. The test is especially suitable for testing blood
products and other pharmaceutical products for injection or
infusion, such as buffered saline. Other medicaments for
injection, such as vaccines, are also suitable for testing with
the method of the present invention.

[0041] The test method of the invention may also be
utilized to evaluate leukocyte function and to diagnose
certain immune system mediated diseases. In one embodi-
ment, a leukocyte-containing reagent is monitored for the
basal production of various endogenous mediators of the
inflammatory response under study. As utilized herein “basal
production” shall mean production of endogenous mediators
of the inflammatory response by leukocytes not subjected to
pyrogenic challenge. The leukocyte-containing reagent,
preferably whole blood from a donor whose leukocytes are
being evaluated, along with pyrogen-free detecting antibod-
ies are incubated in a pyrogen-free assay system, in which
a surface has been coated with pyrogen-free antibodies to
the endogenous mediators of the inflammatory response
under study (as set-forth in greater detail above). The
pyrogen-free assay system is then assayed for endogenous
mediators of the inflammatory response bound to the pyro-
gen free antibody and the basal production of the mediator
is determined by comparing its concentration to control
samples by any method generally known in the art.

[0042] The detection of the basal production of endog-
enous mediators of the inflammatory response may be
employed in a number of applications. In a preferred appli-
cation, the basal production of IL-6 in a leukocyte-contain-
ing reagent is measured. The concentration of IL-6 is
generally higher in blood from a donor that has recently
been, or is currently subjected to a viral or bacterial infection
than blood from a donor not subjected to viral or bacterial
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infection. Consequently, the measurement of IL-6 by the
method of the invention provides a means to rapidly deter-
mine whether a donor is, or has been, challenged by viral or
bacterial infection. In yet another preferred application, the
basal production of Th1 and Th2 cytokines in a leukocyte-
containing reagent is monitored. Th1 cytokines mediate
cell-based immunity and Th2 cytokines mediate antibody-
based immunity. The balance of Th1 and Th2 cytokines can
determine susceptibility to and resolution of infectious dis-
eases, and certain infectious agents have evolved the capac-
ity to manipulate the host’s Th1/Th2 balance, a process
known as “Th1/Th2 switching”. Numerous diseases, includ-
ing, but not limited to, asthma, rheumatoid arthritis, peri-
odontal disease, leprosy and leishmaniasis involve Th1/Th2
switching. Accordingly, the ability to rapidly quantify levels
of Thl and Th2 cytokines by the method of the invention
allows valuable information to be obtained about the Th1/
Th2 status of an individual and the likely outcome of
diseases that involve Th1/Th2 switching.

[0043] In yet another embodiment, the leukocyte-contain-
ing reagent may also be challenged with a stimulus and then
monitored for production of endogenous mediators of the
inflammatory response. In this embodiment, the leukocyte-
containing reagent, preferably whole blood from a donor
whose leukocytes are being evaluated, along with pyrogen-
free detecting antibodies are incubated in a pyrogen-free
assay system, in which a surface has been coated with
pyrogen-free antibodies to the endogenous mediators of the
inflammatory response under study (as set-forth in greater
detail above). The stimulus may either be pre-coated onto
the surface or added to the leukocyte-containing reagent and
then applied to the surface and the stimulus is preferably
LPS, an infectious agent (c.g. a live or dead bacteria, virus
or parasite), a vaccine/adjuvant, or drug. The pyrogen-free
assay system is then assayed for endogenous mediators of
the inflammatory response bound to the pyrogen free anti-
body. The method may be employed to monitor a donor’s
immune response to any stimulus, but is especially suitable
for profiling the donor’s cytokine response when challenged
with a particular stimulus. For example, the method may be
used to predict a donor’s susceptibility to septic/endotoxic
shock based upon the donor’s cytokine profile, because if
stimulation by LPS results in the release of large amounts of
TNF-o relative to IL-1 (approximately 10:1), then this
suggests the likelihood of the donor developing septic shock
as a consequence of a severe bacterial infection. Equally, the
method may also be employed to predict the mechanism of
vaccine, adjuvant, or drug action based upon a donor’s
cytokine profile, because a vaccine, adjuvant or drug stimu-
lating the response of large amounts of immunoreactive Th2
cytokines and few Th1l cytokines, is likely to stimulate a
better antibody response than one which has the opposite
effect.

[0044] In addition, the test method disclosed can also be
modified for other uses wherein a measure of a response of
cells to a chemical stimulus is desired. In many bioassays,
contamination of the cell culture with pyrogens can “acti-
vate” the cells, initiating a diverse cascade of cell reactions
and products, preventing the detection of a marker analyte.
In this embodiment of the invention, the bioassay cell
culture and sample are incubated in a pyrogen-free assay
system, in which a surface has been coated with a pyrogen-
free antibody to a non-cytokine analyte. The cells are then
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lysed (if the analyte is not released by the cells), and the
pyrogen-free assay system is assayed for analyte bound to
the pyrogen-free antibody.

EXAMPLES

[0045] The following examples illustrate the present
invention. All reagents used herein were cell culture tested,
certified pyrogen-free by the supplier, or sterile filtered.
Buffers used were as follows:

PBS coating buffer, pH 7.2-7.4  Store at +4° C. for up to 2 months

NaCl 014 M (8.18 g/L)
KCl 2.7 mM (0.20 g/L)
KIH,PO, 15 mM (0.20 g/L)
Na,HPO, 81 mM (1.15 /L anhydrous Na,HPO,, 1.44

g/L Na,HPO,.2H,0, 2.90 g/L
Na,HPO,.12IL,0)

Wash/dilution buffer, pH 7.2 Store at +4° C. for up to 2 months

NaCl 05 M (29.22 g/L)
NaH,PO, 25 mM (0.39 g/L of NaH,PO,.2H,0)
Na,HPO, 75 mM (1.07 g/L anhydrous Na,HPO,, 1.33

g/L. Na,HPO,.2H,0, 2.69 g/L.
Na,HPO,.12H,0)
Adjust to pH 7.2, then add Tween 20 to 0.1% (v/v) (1.0 ml/L)
Substrate buffer, pH 5.0 Store at +4° C. for up to 2 months

34.7 mM
66.7 mM

Citric acid
Na,HPO,

(7.30 gL)

(9.47 g/L anhydrous Na,HPO,,
11.92 g/ Na,HPO, 2H,0)
Adjust pH to 5.0 with 1 M NaOH.

Example 1

Production of Pyrogen-Free Anti-Cytokine
Antibody Coated ELISA Plates

[0046] Goats were immunologically challenged with IL-6
and bled according to the procedure in Taktak et al., “Assay
of Pyrogens by Interleukin-6 Release from Monocytic Cell
Lines,”J. Pharm. Parmacol. 143:578-582 (1991), incorpo-
rated herein by reference. Polyclonal goat anti-human IL-6
antibodies were purified by affinity chromatography on an
Affi-Gel 15 (BioRad) column (1 mL) coupled to 1 mg of
IL-6 (360 ug/mL) in phosphate buffered saline (0.1 M, pH
7.4, PBS) using pyrogen-free wash buffer and elution buffer.
At all times during the purification procedure, rigorous
conditions were maintained to minimize possible pyrogen
contamination. The fractions were neutralized with pyrogen-
free 1M sodium bicarbonate. The antibodies were concen-
trated on a Gyrocent-L. centrifugal concentrator. The solu-
tion of coating antibodies was tested for endotoxin
contamination in an LAL test (<0.03 EU/ml).

[0047] Non-sterile, 96-well microtiter plates (Dynex Tech,
Inc.) were rinsed extensively with pyrogen-free PBS. Plates
were coated with pyrogen-free goat anti-human IL-6 anti-
bodies (1 ug/ml, in pyrogen-free PBS, 100 ul/well, +4° C.,
overnight). Plates were washed twice with sterile PBS+0.1%
Tween 20, then once with sterile PBS (without Tween). A
blocking/glazing solution (100 ul/well of either sterile tre-
halose, 2%+sterile HSA, 1% or sterile sucrose, 5%-+sterile
HSA, 1%, in pyrogen-free PBS) was added for one hour at
room temperature. After one hour, the blocking/glazing
solution was carefully decanted and the plates were air-dried
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in a Class II ‘sterile’ cabinet for at least four hours (usually
overnight) and sealed in plastic bags and stored at 4° C.
Preparation of plates under sterile conditions minimized
potential contamination with pyrogens. Plates prepared in
this manner were pyrogen-free.

Example 2

Assay of Pyrogen Content in Samples Spiked with
Endotoxin: Comparison of Whole Blood Reagent
Concentration

[0048] Whole human blood (diluted, to give about 50% or
20% blood in the final test volume, with RPMI) from a
single healthy donor was stimulated with endotoxin (LPS) to
produce IL-6. Final test volume was 200 ul./well. Samples
were incubated overnight at 37° C. Test samples used to
stimulate diluted whole human blood were prepared by
spiking pyrogen-free diaspirin crosslinked hemoglobin
(DCLHb®) with endotoxin (ENDOTOXIN STD. USP, 2000
EU/ml) at 2.5 and 10 EU/ml and then diluting Y40 to give
0.25 and 1.0 EU/m] “final’ concentrations for testing. For the
standard curve, endotoxin without HSA was used.

[0049] At the end of the incubation plates were aspirated
to remove blood cultures and washed three times with
wash/dilution buffer (WDB). 100 ul/well biotinylated goat
anti-IL-6 antibodies were added (diluted 1:1000 in WDB
containing 1% normal goat serum) and incubated for one
hour at room temperature with gentle mixing. 100 ul/well
avidin-horseradish peroxidase (HRP) (diluted to manufac-
turer’s instructions in WDB) was added for 15 min at room
temperature. 100 gl/well OPD, Sigma, (200 uM tablet dis-
solved in 50 ml substrate buffer, 20 ul 30% H,0, added
immediately before use) was added for 10-20 min (until
sufficient color developed). 1M H,SO, (100 ul/well) was
added to stop the reaction. Optical densities were read at 490
nm.

[0050] Results are shown in FIG. 1. Although a more
vigorous response to very low endotoxin samples is seen in
the 50% final volume test, the 20% final volume test
provides a comparable response over a wide range of
endotoxin concentrations. Thus, in order to conserve the
amount of whole blood used as a reagent, it is preferred that
whole blood be diluted to about 20% test volume for use in
the present invention. It has also been found that a dilution
to 10% test volume works well in the present invention.

Example 3

Assay of Pyrogen Content in Samples Spiked with
Endotoxin: Comparison of Whole Blood Reagent
Donors

[0051] The test was carried out as in Example 2, except
that final whole blood concentration was about 20% in the
test volume, endotoxin in RPMI was used as the test
samples, and blood from three healthy donors was used.

[0052] Results are shown in FIG. 2. Although the absolute
amount of IL-6 generated by whole human blood incuba-
tions from different donors varies considerably (by 100% at
high endotoxin concentrations), the shape of the dose-
response curve is very similar for all donors. This chart
illustrates the importance of generating a standard curve
from known endotoxin concentrations in order to interpret
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the data generated by the method of the invention, or by any
method which utilizes whole human blood as a reagent.
Because the preferred ELISA plate embodiment of the
invention utilizes very small amounts of human blood (about
40 ul /well), a single unit of donated blood can be used for
several hundred tests in addition to the required standard
curve data. It is notable that the whole blood from all three
donors produced a measurable IL-6 response when incu-
bated with endotoxin, indicating that the majority of donor
blood should be suitable for use as a reagent in the present
invention.

Example 4

Assay of Pyrogen Content in Samples Spiked with
Endotoxin: Comparison of Incubation Times

[0053] The test was carried out as in Example 2, except
that final whole blood concentration was about 20% in the
test volume, endotoxin in RPMI was used as the test
samples, and incubation times of 2, 4, 6, 8, 20, and 24 hours
were used.

[0054] Results are shown in FIG. 3. After about 6 hours,
minimal additional IL-6 is generated by the monocytes in
the whole blood solution. Significant amounts of IL-6 are
generated at all concentrations after a 4 hour incubation
period. A 2 hour incubation period is insufficient to generate
detectable levels of IL-6. Thus, a 4 hour incubation period
is sufficient to produce detectable levels of IL-6 in a useful
range of endotoxin concentrations.

Example 5

Comparison of the Two Plate Assay of U.S. Pat.
No. 5,891,728 and the One Plate Assay of the
Present Invention

[0055] The “one plate” test was carried out as in Example
2, except that final whole blood concentration was about
20% in the test volume, and human serum albumin (HSA)
was used instead of DCLHb® in the “test samples,” and a 4
hour incubation time was used.

[0056] For comparison, the “two plate” test described in
U.S. Pat. No. 5,891,728 was carried out as follows on buffer
standards and HSA samples spiked with the same amount of
endotoxin:

[0057] Whole human blood (diluted to 20% with
RPMI) was stimulated with endotoxin (USP, 2000
EU/ml) for 4 hours. Test samples were pyrogen-free
human serum albumin (HSA, 4.5%, ‘unspiked’)
spiked with endotoxin at 2.5 and 10 EU/ml and then
diluted %10 to give 0.25 and 1.0 EU/ml ‘final’ con-
centrations for testing.

[0058] Incubation volumes were as follow: For STD
curve: 250 ul RPMI+200 gl blood+100 pl endotoxin
dose+450 ul RPMI=1 ml total vol./well. For
samples: 250 ul RPMI+200 ul blood+100 ul HSA
unspiked/spiked with endotoxin+450 gl RPMI=1 ml
total vol./well.

[0059] Standards and samples were added in tripli-
cate or quadruplicate to 48-well plates and cultured
with 20% blood at 37° C. for 4 hours in an atmo-
sphere of 5% CO, in air. At the end of the incubation,
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aliquots of the culture fluids (cell-conditioned
media) were taken for ELISA of IL-6 (see Taktak et
al., 1991).

[0060] Results comparing the IL-6 sensitivity of the one
plate and two plate assays are shown in FIG. 4. As shown
by these results, the one plate assay is much more sensitive
than the two plate assay, when performed under similar
conditions. In addition, “spike recovery” of the endotoxin
signal in the HSA samples, or the amount of IL-6 production
that is maintained in the HSA samples as compared to RPMI
samples with an equal amount of endotoxin, is better in the
one-plate assay of the present invention than in the previ-
ously disclosed two-plate assay.

Example 6

Comparison of Cytokine Production in Whole
Blood in the Two Plate Assay of U.S. Pat. No.
5,891,728

[0061] The two plate assay was carried out as described in
Example 5, except that TNFo and IL-1  were also quan-
tified in addition to IL-6. TNF o was assayed as described
in Meager et al., “Preparation and characterization of mono-
clonal antibodies directed against antigenic determinants of
recombinant human tumour necrosis factor ({TNF)”Hybri-
doma, 6:305-311 (1987), and IL-1 § was assayed using a
matched pair of monoclonal anti-IL-1 p antibodies from
R&D Systems, or an IL-1 § ELISA kit provided by DPC
Biermann, both of which gave broadly similar results. The
results of the experiment are shown in FIG. 5. As can be
seen from these results, IL.-6 is produced in relatively large
amounts, and is easily detectable in the 4 hour incubation
time. In contrast, TNF « and IL-1 P are release in lesser
amounts by the whole blood culture when incubated with
endotoxin.

[0062] Four hour blood cultures in the absence of added
endotoxin contained concentrations of immunoreactive TNF
o and IL-1 f at or below the detection limits of the ELISAs
used to detect them. In contrast, concentrations of immu-
noreactive IL-6 were detectable in these cultures. In healthy
donors, concentrations of immunoreactive IL-6 were below
200 pg/ml (usually below 100 pg/ml) but in donors who had
recently recovered from minor viral infections (¢.g. common
colds) or bacterial infections (of the gingiva or gut) basal
(ie. unstimulated) concentrations of IL-6 sometimes
exceeded 200 pg/ml and responses to added endotoxin were
smaller than for the blood of healthy donors. Consequently,
the choice of IL-6 as the measured variable enables the
identification and ‘screening out’ of donors who are not
entirely well, even though they may feel well enough to
serve as a blood donor for the in vitro pyrogen test. The
measured basal levels of immunoreactive 1L-6 did not
diminish the sensitivity of tests using IL-6 as the measured
variable, rather than TNF o or IL-1 f3, since the choice of
IL-6 yielded the most sensitive test system (see FIG. 5).
Thus, IL-6 was chosen for testing in the present invention.
However, TNF o or IL-1 3 would also be suitable for use as
the quantified cytokine of the present invention.
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Example 7

Assay of Pyrogen Content in Samples Spiked with
Endotoxin (LPS and LOS): Comparison of Whole
Blood Reagent Donors

[0063] Whole human blood (diluted, to give about 50%
blood in final test volume, with RPMI) from two healthy
donors was stimulated with endotoxin (either LPS or LOS,
as indicated) to produce IL-8. LOS, pyrogenic lipooligosac-
charide, utilized in the study is from Neisseria meningitidis
and is distinguished from LPS by its highly-branched basal
oligosaccharide structure and the absence of repeating O-an-
tigen subunits. The blood was incubated with endotoxin for
approximately four hours and IL-8 production was measured
by ELISA. In other respects, the test was carried out as set
forth in Example 3.

[0064] Results are shown in FIG. 6. Although the absolute
amount of IL-8 generated by the whole human blood incu-
bations from different donors varies considerably, the shape
of the dose-response curve is very similar for both donors.
The whole blood from both donors produced a measurable
IL-8 response when incubated with either endotoxin. How-
ever, it is notable that stimulation with the endotoxin LOS
resulted in production of higher concentrations of IL-8 in
response to lower endotoxin concentrations compared to
IL-8 production in response to LPS stimulation. These
results clearly indicate that the cytokine IL-8 may be
employed to detect pyrogens in a sample in accordance with
the method of the invention.

[0065] The invention being thus described, it will be
obvious that the same can be modified in various ways. Such
variations are not to be regarded as a departure from the
spirit and scope of the present invention, and all such
modifications and equivalents as would be obvious to one
skilled in the art are intended to be included without the
scope of the following claims.

We claim:
1. Amethod of detecting pyrogens in a sample comprising
the steps of:

a) combining a pyrogen-free monocyte-containing
reagent and the sample to be tested in a pyrogen-free
assay system, wherein the assay system comprises at
least one surface treated with a pyrogen-free antibody
to a cytokine; and

b) assaying the assay system for the presence of cytokine
bound to the antibody on the surface; whereby an
elevated level of cytokine bound to the surface indi-
cates the presence of pyrogens in the sample tested.

2. The method of claim 1 wherein the monocyte-contain-

ing reagent comprises whole blood.

3. The method of claim 2 wherein the monocyte-contain-

ing reagent further comprises a diluent.

4. The method of claim 2 wherein the monocyte-contain-

ing reagent further comprises an anticoagulant.

5. The method of claim 4 wherein the monocyte-contain-

ing reagent further comprises a diluent.

6. The method of claim 3 wherein the diluent is RPMI

media.

7. The method of claim 2 wherein the whole blood is

human whole blood.
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8. The method of claim 1 wherein the cytokine is selected
from the group consisting of interleukin-1, interleukin-1ra,
interleukin-6, mterleukin-8, tumor necrosis factor-c, and
prostaglandin E,.

9. The method of claim 8 wherein the cytokine is inter-
leukin-6.

10. The method of claim 1 wherein the assay system
includes at least one microtiter well, and the surface on
which the antibody is applied is a portion of the interior of
the microtiter well.

11. The method of claim 10 wherein the microtiter well is
made from polystyrene or polypropylene.

12. The method of claim 1 wherein the assay system is
assayed by a colorimetric enzyme-linked immunosorbent
assay for the cytokine.

13. The method of claim 1 wherein the assay system is
assayed by a radio-labeled immunoassay for the cytokine.

14. The method of claim 1 wherein the assay system is
assayed by a fluorescence-labeled immunoassay for the
cytokine.

15. The method of claim 1 wherein the pyrogen-free
antibody is a polyclonal antibody.

16. The method of claim 1 wherein the pyrogen-free
antibody is a monoclonal antibody.

17. The method of claim 1 wherein the sample is a
medicinal drug for injection or infusion.

18. The method of claim 1 wherein the sample is a blood
product.

19. A pyrogen-free assay system wherein the assay system
comprises a surface coated with a pyrogen-free antibody to
a cytokine.

20. The pyrogen-free assay system of claim 19 wherein
the assay system further comprises at least one microtiter
well, and wherein the surface to which the pyrogen-free
antibody is applied is a portion of the interior of the
microtiter well.

21. The pyrogen-free assay system of claim 20 wherein
the well is made from polystyrene or polypropylene.

22. The pyrogen-free assay system of claim 20 wherein
the well is part of a planar array of similar wells, so situated
so that the array of wells may be read with automated
reading equipment.

23. The pyrogen-free assay system of claim 19 wherein
the cytokine is selected from the group consisting of inter-
leukin-1, interleukin-1ra, interleukin-6, interleukin-8, tumor
necrosis factors-a., and prostaglandin E,.

24. The pyrogen-free assay system of claim 19 wherein
the cytokine is interleukin-6.

25. The pyrogen-free assay system of claim 19 wherein
the pyrogen-free antibody is a polyclonal antibody.

26. The pyrogen-free assay system of claim 19 wherein
the pyrogen-free antibody is a monoclonal antibody.
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27. A method of detecting pyrogens in a sample compris-

ing the steps of:

a) combining a pyrogen-free monocyte-containing
reagent and the sample to be tested in a pyrogen-free
assay system, wherein the assay system comprises at
least one surface treated with a pyrogen-free antibody
to an endogenous mediator of the inflammatory
response; and

b) assaying the assay system for the presence of the
mediator bound to the antibody on the surface; whereby
an elevated level of the mediator bound to the surface
indicates the presence of pyrogens in the sample tested.

28. The method of claim 27 wherein the endogenous

mediator of the inflammatory response is endothelin.

29. A method of measuring the capacity of a leukocyte to

respond to a stimuli comprising the steps of:

a) combining a pyrogen-free leukocyte-containing
reagent and a stimuli in a pyrogen-free assay system,
wherein the assay system comprises at least one surface
treated with a pyrogen-free antibody to an endogenous
mediator of the inflammatory response; and

b) assaying the assay system for the presence of the
mediator bound to the antibody on the surface; whereby
an elevated level of the mediator bound to the surface
indicates the response of the leukocyte to the stimuli.

30. The method of claim 29 wherein the stimuli is selected
from the group consisting of endotoxin, an infectious agent,
vaccine, adjuvant, and drug.

31. The method of claim 29 wherein the leukocyte-
containing reagent comprises whole human blood.

32. The method of claim 29 wherein the endogenous
mediator of the inflammatory response comprises a cytok-
ine.

33. A method of measuring the basal production of
endogenous mediators of the inflammatory response by
leukocytes comprising the steps of:

a) adding a pyrogen-free leukocyte-containing reagent to
a pyrogen-free assay system, wherein the assay system
comprises at least one surface treated with a pyrogen-
free antibody to an endogenous mediator of the inflam-
matory response; and

b) assaying the assay system for the presence of the
mediator bound to the antibody on the surface; whereby
the amount of mediator bound to the surface indicates
the basal production of endogenous mediators of the
inflammatory response by the leukocytes.

34. The method of claim 33 wherein the leukocyte-

containing reagent comprises whole human blood.

35. The method of claim 33 wherein the endogenous

mediator of the inflammatory response comprises a cytok-
ine.
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