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A method whereby units of red blood cells, derived from units of blood which may contain viruses such as HTLV-
111, the causative agent of Acquired Immune Deficiency Syndrome (AIDS), may be treated with a solution which contains
approximately 0.13 percent sodium chlorite and 1.26 percent lactic acid diluted with a solution of approximately 0.9 per-
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A METHOD TO TREAT BLOOD

Previous Applications

This is a continuation in part application of Serial
No. 838, 253, filed 3/10/86.

Dis&losure

Units of blood, both red blood cells (RBC units) and
units of plgsma, have a well known risk for tramsitting
Hepatitis B virus, non-3A, non-B Hepatitis virus(es), and
HTLV-III virus. HTLV-III is a human retrovirus which has
been implicated in the causation of AIDS_ (See Gallo,
R.C. et al.) Frequent detection and isolation of
cytopathic retroviruses [HTLV-III] frm patients with AIDS
and at risk for AIDS. Science 1984; 224:500-3. Also
see: Savin, P.S. et al., Human T-Lymphotropic

Retroviruses I Adult T-cell Leukemia - Lymphoma And
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Acquired Immune Deficiency Syndrome, J. Clinical

Immunol., 1984; 4:415-23. Wong-Staal F., Gallo, R.C.,
Human T-Lymphotropic Retroviruses, Nature 1985;
317:395—402). There is titus an important need to make
units of blood safe for transfusion, that is to less the
probability of transferring HTLV-III by blood transfusion
would be of great importance.

Examglé

A solution (disinfectant) was prepared as follows:
LDtM disinfectant was obtainéd from Alcide Corporation
and was mixed as follows: One part LD base was mixed
with ten parts normal saline, oné part activato; was
added and diluted with normal saline to dilution of
1:200. this solution is composed of sodium chloride and
lactic acid. The pH of thé final solution (disinfectant)
was adjusted to between 4 - 5. The final solution
contained sodium chléride and lactic acid, both at
concentration below 2%.

Two aliquats of red blood cells from an American Red
Cross unit of red blood cells was washed three times in
normal saiine. Oneraiiquat of the washed red blood ceils
(RBC) was labeled ﬁxpetiment (EXP) and to this, which was
aprpoximately 1/3 filled, it waas filled with the above
prepared distinfectant, mixed and allowed to stand for
approximately 10-50 seconds. Then the cells were washed
in normal saline four times, and resuspended in normal
saline, no hemolysis was observed as compared to the
conﬁrol tube of RBC's which was'washed identically as the

experiment but to which no disinfectant was added.
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In order to verify thatiihe RBC's treated with the
disinfectant were suitable for transfusion an assay was
performed onthem following several days storage innormal
saline at aprpxoimately 4° centrigrade. Thus RBC 2, 3,
DPG (hereinafter referred to as 2,3 DPG) and RBC ATP was
performed following 37° C incubation in a solution of
glucose, inorganic phophorus, potassium and magnesium,

The result of these assays, the methodology used,
was as describeé (see Keith, A.S.: Reduced nicotinamide
ademine denucleiotide-linked analysis of 2,3
diphophoglyceric acid: spectrophatometric and
flurometric procedures, General Lab, Clin. Med., 77:470,
1971; se> also see: J.A. Worek, D. Gruber, W.,
Bergneyer, H.U.: Adenosine, 5', triphosphate,
determination with 3-phosphoglycerate kinasé, En
Bergmeyer, H.U. (ed):- Methods of Enzyamtic Analysis,
vol. 4, N.Y. Acadeic Press, 1974, p. 2097).

The presence of 2,3-diphosphoglyceric acid (DPG)
phosphatase activity in preparations of
monophosphoglycerate mutase (PGM) from muscle and other
sources has been noted by several workers and was
exploited by Lowry and co-workers to measure the very low
levels of 2,3-DPG in acid extracts of brain tissue. The
products of the phosphatase, 3-phosphalglyceric acid
(3-PGA), was measured flourometrically in a reduced
nicotinamide adenine dinucleotide (NADH)-linked reaction
in which 3-PGA was converted stoichiometrically to.
glyceraldehyde 3-phosphate (G-3P) by phosphoglycerate
kinase (PGK) and glyceraldehyde 3-phosphate dehydrogenase

(G3PD). This fluorometric procedure was modified by the
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author for measurement of the much higher concentrations

of 2,3-DPG in red cells. 7

Roserhas reported that red cells 2,3-DPG phosphatase
is stimulated by both pyrophosphate and 2-phosphoglycolic
ac1d, a property which is shared by the phosphatase '
activity in muscle PGM. She has devised a
spectrophotometric assay for 2,3-DPG Withrthe use of
2-phosphoglycoate and PGM, converting the 3-PGA formed to
lactate. The fluorometric and spectrophotometric assays
for 2,3-DPG deécribéd here are those which proved most
versatile and reliable; they represent a composite of the
methods of Lbéry and co-workers, Rose and Liebowitz, and
Czok and Eckert. |

Materials and Methods

Imadazole (grade 111), :educed glutathlone (GSH),
and hyrazine sulfate solution (No. 750-3) were obtained.
Z-Phosphogiycolate was also obtained. Distilled water
was passed through a mixed bed degonize: which greatly
reduced its fluorescence.

Preparation of samples: Customarily l. Vol. of
whole blood is added to 2 Voi. of ice-cold 6% (w/v)
pérchoric acid (pCA), mixed thoroughiy, and left on ice
for at least 15 minutes. The brown denatured protein is
separated by centrifugation at 27,000 x grfor 20 minutes
at 2° C. The clear supernatant is neutralized with
approximately 1/6 Vol. of 2M KHCO;.

Spectrophotometric‘éssay: All reégents are prepared
as stock sciutions and stored'frozen, except imidazole
and hydrazine which are stored at room temperature.

Reactions are performed at 25 to 28° C (without
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temperature control) in an automatic recording
spectrophometer in quartz semi-microcuvettes with 1.0 cm.
path lengths at 340 mu. PFor normal whole blood, neutral
PCA extract (0.1 ml,) is added to 1.0 ml. aliquots of the
reaction mixture. The volume of extract can be increased
to at least 0.3 ml. without affecting the reaction
mixture. The combined solution of G3PD and PGK (in r ul)
is added after all the 3-PGA and 1,3-DPG has reacted
(usually they are undetectable), the absorbance at 340
mu. is determined and PGM (in 5 ul) is added. The
reaction normally goes to completed in 15 to 20 minutes,
although this should be determined for each new set of
reagents as the phosphatase activity of different lots of
PGM varies slightly. The blank cuvette contains
distilled water instead of PCA extract. Blanks
containing PCA extract, but no enzymes, are usually
identical, but this should be verified periodically.

When 2-mercapethanol was substituted for GSH,
sporadically high blanks (.03 to .04 0.D. units per 10
minutes) were noted in the presence of neutral PCA
extracts of whole blood without any added enzymes.

Flurometric assay: A sample size of PCA extract (2
to 5 ul) is employed depending on the hematocrit of the
sample. Samples and standards are added with the same
selected micropipette. The reaction is complete in §
minutes.

Calculations: 2,3-DPG concentration is derived by
determining the difference in absorbance at 340 my .
before and after adding PGM corrected for the reagent

blank (usually less than 0.010 O.D. units) with an
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extinction coefficient of 6.22 O.D. units per millimole
of NADH the flurometric assay, the change in NADH

fluorescence is compared with that of a 2,3 Def solution

.

which has been standardized spectrophoemtrically.

There is significant deviationrfrom lineérity in the
absence of hydrazine when the initial concentration of
2;3-DPG approaches that of the available NADH.' The
obligatory liberation of inorganic phosphate from 2-3-DPG
adveréely affects the final ratio of 1,3-DPG to G-3-P so
that G-3-P must be trapped with hydrazine, unless a'large
excess of NADH isremployed. The potency of the hydrazine
solution, uniess freshly prepared, should be verified
periodically by checking the liﬁearity of a standard
cuive.' ,

The half time of the fluorometric assay is normally
less ﬁhan 1 minute. Because of it#*great sensitivity,
very low concentratiéns of 2,3-DPG such as might occur
during blood storage or in vitio éxperiments, can be
easily measured. The accuracy of this method is
determined largely by the quality of the micropipettes
and the skill of the technician in handlingrthem.

Specificity: The addition of PGM to the system
results in the conversion of both 2,3-DPG and 2-PGA to
3-PGA. In norﬁal blood the concentration of 2-PGA is 300
times less than that of 2,3-DPG and can be ignored.
However, under conditions where these compouﬁds'are more
nearly equal (as in most tissues) discrimination may be
more important. VThe assay can be modified such that an

-approximation of 2-PGA content can be obtained by adding

PGM (5 ug per milliliter) Withodt phosphoglycolate after
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3-PGA has reacted. Under these conditions, 2-PGA will be
rapidly converted to 3-PGA, while 2,3-DPG will react very
slowly. Selective activation of the phosphatase with
phosphoglycolate will then measure 2,3-DPG. This
modification requires fluoruometric measurements of NDAH
for sufficient sensitivity at the low levels of 2-PGA

usually present in tissues.

The advantages of this method are several. 1Its most
important aspect is that it is an "endpoint® assay rather
than a rate assay. The assay methods which relate.
2,3-DPG concentration to its catalytic effect on the PGM
reaction involve rate measurements which are much more
likely to be affected by minor variations in assay .
conditions. "Rate" in these methods is often determined
by an initial reading followed by a single additional
reading at one time intervals assuming linearity; any
deviations from linearity among different samples will
therefore be undetected. Furthermore, the calculations
depend on a standard curve of known purity.

The "endpoint® assay on the contrary may be read at
any convenient time after going to completion provided '
that the blank cuvette is read at a similar interval.
The calculations are based on the molar extinction
coefficient of NADH when determined
spectrophotometrically and thus do not depend on a
standard curve. If greater sensitivity is required, the
fluorometric assay can be used. NoO fractionatiqn of the
extracted material is required as in the total phosphate

and chromotropic acid methods. The specificity, although
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not absolute because of the co-reaction of 2-PGA, is

entirely adegquate for most red cell applications where

the 2-PGA concentration is neglibile. Selective

activation of 2, 3-PGA activity by phosphglycolate after

20-PGA has reacted can improve the specificity of the

assay.

The "backward" reaction to G3P is more versatile
than the 'forwa:d'rreaction to lactate because the
concentrations of 3-PGA and 2-PGA Afe usﬁally negligible
compared to that of 2,3-DPG, whereas pyruvate may
accumulate significantly under certain expetimenﬁal
conditions and the initial lactate dehyrogenase reaction
may then exhaust much'of the NADH. Furthermore, at very
low concentrations of 2,3-DPG, the co-reaction of 2-PGA
concentration exceeds that of 2-PGA by a factor of 5 to

10 in the intact cell.

RESULTS 7

The RBC ATP and 2,3-DPG of the sample of RBC treated
with the disinfectant (Experiment) when compared to the
sample of RBC's not tzeatedrshowed no significant
difference in their ability to regenerate RBC ATP and
2,3-DPG following incubation. These two enzymes (see
References) are considered important éredicto:s of RBC
viability and suitability for transfusion. It is thus
concluded that application of the disinfectant solution
as prepared according to the method as described here and
following washing with normal saline, the RBC's are
suitable for transfusion, and ;hése RBC's carry a much

lessened risk (or total absence of risk) of transmitting"
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AIDS or other viral diseases.

The results following incubation'of human plasma are

listed in Table 1I.
TABLE I.

The incubation experiments to determine the ability of
the red cells to regenerate ATP and 2,3-DPG gave the
following results:

control Experiment
ATP 2,3-DPG ATP 2,3~DPG
0 hr. 0 0 -0 0
2 hrs. 1.79 0 1.34 2.89
4 hrs. 1.19 0 1.34 0

(Results are expressed in moles/gram Hb)

The incubations were performed at 37° C with the
supplementation of glucose, 1norgan1c phosphorus,
potassium, and magnesium,

TABLE II

[Treatment of washed quantity of RBC's for approximately
4 minutes with the same solution as used for Table I,
then the cells were washed in normal saline.]

The incubation experiments to determine the ability of
the red cells to regenerate ATP 3 gave the
following results:

Control Experiment
ATP ATP
, (Results
O Hr. 3.83 5.28 are ex-
pressed
2 hrs. 4.35 4.26 in umoles/
gram Eb)

The incubations were performed at 37° C with the
supplementation of glucose, inorganic phosphorus,
potassium, and magnesium.

It should be noted that following 4 minutes of contact

with the disinfectant there was no evidence for hemolysis

and no loss of ATP.
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In the past, it has not been possible to treat units
of red blood cells with disinfectant, as this t:eatﬁent
has been too toxic for the cells. However the
development of the new disinfectants as well as automated
cell washers (e.g. IBM 2292 cell washer) to wash units of
red blood cells has opened up a new avenue in regard t§
sterilizing units for transfusion.

It has been reported that a laboratory dlsxnfectant
composed of approxlmately 0.23% sodxum chlorlte and 1.26%
lactic acid (LD'M™ Alcide, Norwalk, COnn.) can completely
inactivate HTLV-III/LAV virus (see Savin, P.S. et al.,
NEJM Vol. 33, No. 221 1416, 1983) at a dilution of 1:200
6: less.

It is thus the ;ntention of the inventor to describe
a method, for example, whereby units 6f human red blood
cells may first bé separated from plasma and thereéfter
be exposed to a solution composed of approximately 0.23%
Sodium Chlorate and 1.26% lactic acid (and then this
solution may be diluted with 0.3% Nacl up to i:%gg) for a
very short time (for example, a few seconds or
minutes{s]) and thereafter the unit of red blood cells
may be washed) for example using an automated cell washer
(e.g. IBM). And then following Ehe washing in normal
saline, the red blood cells are now ready and safe for
transfusion, safe from transmittiné AIDS, as well as
other viruses which may'be in blood, for example
Hepatitis B and non-é, non-B hepatitis virus(es) and LMV
virus and Epstein-Barr virus.

It has now been demonstrated thatrunits'of blood

(red blocd cellS) may be safely, economically sterilized
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while in a blood collection bag. The entire process may
for example be automated using for example (IBM Cell
washer) an automated cell washer. Thus the cell washer
may be programmed to give the disinfectant at least a
200-fold dilution of its standard use dilution, let the
disinfectant mix with the unit of red cells for a few
seconds and then automatically wash thé cells. This
automation increases the utility of the invention, since
now units may be washed rapidly and can now be applied on
a massive scale. '

1t should be understood that varying changes in the
composition of the disinfectant and times for
disinfection may be utilized without departing from the
scope and spirit of the invention. It is thus the
intention of the inventor to be bounded only by the

following claims.
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CLAIMS
1. A method to inactivate any mibroo:ganism in
units of blood, said method comprising:
l(a). Adding disinfectant to the unit of blood and

thereafter removing the disinfectant.

2. A method as described in Claim 1 whereby the

unit(s) of blood is a unit(s) of red blood cell.s

3. A method as described in Claim 1 wherein the
disinfectant is composed of lactic acid and sodium

chlorite diluted in normal saline such that the pH is

" approximately that of salirte,

. 4. A method as described in Claim 1 wherein any
microorganism is any virus. |

4(a). A method as described in Claim 4 wherein any
virus is HTLV-III virus.

" 4(b) A method as desc:ibéd in Claim 4 wherein any

virus is any hepatitis virus.

4(c). A method is described in Claim 4 wherein any
hepatitis virus consists of Hepatitis B, Hepatitis non=3,

non-B, Hépatitis delta agent (virus) and Hepatitis A.

5. A method as described in Claim 1 wherein the
disinfectant is composed of approximately 0.23 percent
sodium chlorite and 1.26 percént lactic acid and may be
diluted with normal saline or a solutation of

approximately 0.9% Nacl.
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1 5(a). A method as in 5 wherein the disinfectant of

2 claim 5 is diluted from 1:2 to 1:2000 with normal saline

3 or a solution of approximately 0.5% NacCl.

1 6. A method as in Claim 2 wherein the disinfectant

2 is added to an automated, 6: semi-automated machine such

3 as a cell washer, for instance IBM Cell Washer.

1 7. A method as in Claim 1 whereby the disinfectant

2 is kept in contact with the unit for a time period

3 between approximately 0.5 seconds till 30 minutes.

4 7(a). A method as in Claim 1 whereby the time

5 period for contact with the disinfectant is approximately

6 0.2 minutes - 5 minutes.

1 8. A method as in Claim 7 whereby the unit is

2 shaken while in contact with the disinfectant.

1 9. A method as in Claim 7 whereby the washing of

2 the unit is done in an automated or semiautomated cell

3 washer, for example IBM Cell Washer.

1 11. A method to inactivate any microorganism in a

2 unit of blood, said method comprising adding disinfectant

3 to the unit in an automated cell washing unit, allowing

4 the disinfectant to mix with the unit and thereafter

5 washing the unit, to remove the disinfectant in the

6 automated cell washer.
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12. A method to reduce infectivity of any viruses,
especialiy the viruses causing AIDS (HTLVfIII), said
methodrcompriSihg:

(a) a disinfectéht Eomposed of lactic acid, and
SOdiqm chlorite, both in concentrations of less ﬁhan
2% and both in a solution of normal saline, and

(b) Exposing unit(s) of Red Blood Cells to this

disinfectant for a time period sufficient to

inactivate any AIDS virus(es) that may be present
and then '

~ (¢) Washing the unit of Red Blood Cells with normal

saline, sufficiently such that the disinfectant is

not significantly present.
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