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The purpose of screening of donated blood is to keep the safety of blood, blood
components and plasma derivatives used for transfusion and treatment.
Screening should be done on each unit of donated blood before preparation of blood
products on mass scale. Therefore, screening methods should be sensitive, specific,
simple, speedy and safe. These five “s” are essential requisite for blood screening.

By careful pre-donation counseling, most of the acute infections or severe chronic
infections can be excluded. Therefore persistent blood borne infections in asympto-
matic state are objectives. Main target infections concerned are syphilis, hepatitis B
virus (HBV), human immunodeficiency virus (HIV), human T cell Lymphotropic virus
type 1 (HTLV-1) and malaria. Problems of non-A non-B hepatitis, hepatitis delta v-

irus, parvo virus Bl9 and cytomegalo virus will also be discussed.
1. Hepatitis B

Since discovery of Australia antigen (HBs Ag)by Blumberg, Okochi and Prince in
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relation to post-transfusion hepatitis, surface or envelope antigen of hepatitis B virus
(HBV), much attention has been forcussed on development of detection of HBV
markers with high sensitivity and high specificity. These studies contributed not only
for hepatitis virus study but also for other persistent viral infection studies. Methods
for detection of serological HBV markers currentry used routinely are listed in
Table 1. The markers are HBs Ag, HBs Ab, HBc Ab, HBc Ab (1gM), HBe Ag and
HBe Ab where HBc stands for core (or gag) protein of HBV and HBe for processed

core protein.

Table 1.
Sensitivity of Detection Methods for HBV Markers.
Methods HBs HBc HBe
Ag Ab Ab Ab(lgM) Ag Ab
ID(Immuno Diffusion) + +

IES(Immuno Electro Syneresis)
PHA(Passive Hemagglutination)

_|.
_I_i.
.*_i_
RPHA(Reversed Passive Hemagglutination) @
+H+
HH+
+H+

H.
IAHA(Immune Adherence Hemagglutination)
@D @D @
EHD E&HD &

+
_*_l,.
H_
RIA(Radio immunoassay) +H+
-

EIA(Enzyme Immunoassay)
O Currently used most widely

e +-

In addition, further molecular biological studies and immunochemical studies have
added other HBV markers such as HBV-DNA polymerase, HBV-DNA, polymerized
alubumin receptor and pre S-HBs Ag. Significance of these markers are summe-
rized in Table 2.

Table 2.
Significance of HBV Markers
HBs Ag Current HBV Infection
HBs Ab Past HBV Infection : Protecting Antibody
1 ion :
HBc Ab ?w Past HBV Infectlon. (HBs Ab +)
high Current HBV Infection (HBs Ag +)
HBc Ab low Late stage of acute hepatitis B or Chronic Hepatitis B
(1eM) high Acute hepatitis B
HBe Ag High infectivity, Active multiplication of HBV
HBe Ab Low infectivity
HBV-DNA polymerase o . c ae s
t
HBV-DNA Quantitation of HBV, Marker of HBV multiplication
Polymerized Alb. Receptor | Marker of active multiplication of HBV associated with
pre S-HBs Ag HBe Ag




Among these, the measurement of HBe Ag is very simple and its presence indi-
cates active multiplication of HBV, showing extremely high infectivity of the blood
as well as clinical progression of chronic HBV infection. Since Okochi’s work,
determination of HBs Ag Has contributed very much for prevention of HBV
infection. Table 3 summarized the effect of HBs screening on prevention of post-
transfusion hepatitis B carried out by Dr. Katayama from 1971 to 1985.

Screening of HBs Ag of donated blood carried ‘out in Japanese Red Cross Blood
Centers by ID prevented 59.2%, IES prevented 75.4% and RPHA prevented 92.4% of

post transfusion hepatitis as shown in Table 3.

Table 3.
Effect of HBs Ag Screening on Protection of Post-Transfusion Hepatitis B
(@) (b) (c) (d
Screening Method | Units Transfused| Cases of Risk Per Cent | Protective
P-T Hepatitis B | /Unit Transfused| Efficacy
Before Screening 3188 19 0.606% -
ID *@ 2028 ] 0.246% 59.2%
IES *® 670 1 0.149% 75.4%
RPHA *@ 8604 4 0.046% 92.4%
RIA % % 6092 3 0.049% 91.9%
c=% % d=(1~ 5555) %

% Katayama
® Carried out by JRCBC
% % NIH Prospective Study (Alter et al)

The sensitivity of these methods for detection of HBs Ag and HBV virion particles
are as shown in Table 4.
Aiming complete protection of post transfusion HBV, more sensitive methods are

required and these problems are now under investigation.

Table 4.
ng HBs Ag No. of HBV virions.
ID 1, 000 2 X10®
IES 100 2 X107
RPHA | 2 X10°
RIA 0.1 2 X104




2. AIDS

The causative agent of human immunodeficiency virus (HIV) has been identified

and its molecular structure and functional activities are elucidated. New nomen-

clature system has been proposed by Gallo et al and Leis et al and shown in
Table 5 and Fig. 1.

Table 5. -
EREB HFHIX i BE Gallo © Lies
gag pl7 matrix — MA
p24 capsid — CA
Structural p9
p7 nucleos capsid - NC
Virion pol pl0 protease — PR
p66, 51, reverse transcriptase — RT
Proteins p32 endonuclease - IN
env gpl120 surface envelope — SU
gp4l transmembrane envelope — ™™
tat-3(TA) p15(14) transactivator @ tat TAT
art(trs) p19(20) regular of expression rev REF
Regulatory of virion proteins @
sor(A, Q)  p23 virion infectivity protein®  vif VIP
Viral R ? ?7 @ vpr VPR
3'orf(F, :B) p27 negative factor ® nef NEF
Proteins U pl5 viral protein U ® — VPU
X pl6, 14 viral protein X @ vpx —
Figure 1.

Regulatory Viral Proteins

KS Oncogene (?)

VIF

Structural Virion Proteins
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The problems on the safety of blood and blood products concerning AIDS are fully
discussed and summarized in monograph titled AIDS: The safety of blood and blood
products edited by Petricciani, Gust, Hope and Krijnen published by John Willey &
Sons on behalf of WHO, 1987. It is well known that the scientific and public health
rationales for screening donated blood and plasma for antibody to HIV are strong.
The sensitivity of the licensed screening tests in U,S.A. is sufficiently high
(approximately 97%) to detect most infected donors. Eliminating from the tfans-
fusion and fractionation pool those units that are antibody positive should markedly
reduce the number of infectious units that are transfused or used for porducts that
potentially can transmit the virus to recipients.

Repeated positive units by screening methods such as enzyme linked immunoassay
(EIA) or gelatine-particle agglutination (GPA) are excluded from transfusion or
fractionation pool. Antibody positive cases confirmed by Western-blot test or
immunofluorescent test are notified that they have been ifected with HIV. To date,
the screening tests are simple and speedy to fit the demands of blood screening and
most of the infected cases are confirmed by Western-blot test. In this procedure,
HIV is concerntrated, partially purified and disrupted prior to separation into its
protein components by polyacryl amide gel electrophoresis. The proteins are then
transfered to nitrocellulose sheets and the strips were reacted with test-serum.
Immuno recognition of viral proteins by specific antibody is recognised by anti
human immuonoglobulin antibody coupled with specific enzymes. Most often
recognized viral proteins are gp4l of viral envelop and p24 core protein. Other viral
proteins listed in Table 5 and Figure 1 are also targets antigens by Western blot
test and observed in various frequencies due to various stage of infection, individual
difference and lots ot preparations. However, at present entirely satisfactory specifi-
city has not yet been achieved.

Management of donors with repeatedly reactive screening test but confirmation test
negative remains to be resolved. Serious problems are also concerned with trans-
mission of HIV by blood transfusions screened as negative for HIV antibody in the
donors who have apparently been infected recently at the time of blood donation
according to available antivody tests. To minimize the risk, self deferral of donation
of high risk group blood donors should be communicated more effectively and new
assays that detect HIV infection earlier should be evaluated for their effectiveness in
screening donated blood.

In Japanese Red Cross blood centers, from February 1986 to Octover 1987, Enzyme
immunoassay using Organon and HTLV-III EIA kits (EIA), from November 1987,
gelatin-particle-agglutination test (GPA) using SERODIA-HIV prepared by Fuji



Rebio Inc. were used. GPA method is as follows. Disrupted partially purified HIV
antigens were coupled to artificial spherical particles composed of gelatin and gum
arabic with 3um diameter. Portions (25u£) ‘of the particle suspension (1% vol/vol)
were mixed with an equal volume of serially diluted serum in microplate and the
agglutination patterns can be read at the latest 2 hours at room temperature.
Repeated positive samples were confirmed by Western blot analysis (WB) using
BIO-RAD kits. '

Anti HIV Ab screening data confirmed by WB as of April 30, 1988 are as follows.

Table 6.
No.of tested HIV Ab(+) %
Total Japan 13,709,401 26 0.000189
Tokyo Area 1,910,619 17 1.000889

Although HIV Ab positivity is extremely low, 17 out of 26 (65%) were in Tokyo area.
EIA (Abbot) and GPA screening were compared in Central Blood Center. The
sensitivity to detect HIV Ab by GPA is higher than EIA. Initial positive ¥ and

repeated positive % are as follows.

Table 7.
No.of tested Initial(+) Repeated(+)
EIA 206,249 0.418% 0.234%
GPA 122,250 0.101% 0.048%

WB positivity was 0.00083% and false positivity by GPA is much less than EIA.
Repeated positive lots were eliminated.

By look back analysis of the patients who received blood transfusion before start-
ing of blood screening of HIV Ab, 5 cases of HIV infection were observed. After
blood screening no cases of post transfusion infection was observed. Therfore, by
GPA method, HIV infected blood was eliminated and false positivity was significant-
ly lower than EIA.



ILEEAMBREES®M Vol.4 No.4 1989

3. Adult T cell Leukemia and HAM

The causative agents of adult T cell leukemia is identified as HTLV-1. HTLV-1
infection is prevalent in Japan, Papua New Guinea, Africa and Caribbean islands
and United States. Routes of transmission are defined as by maternal-infants
mainly through breast milk of HTLV-1 carrier mothers, blood transfusion of anti
HTLV-1 antibody positive blood, close sexual contacts and intravenous drug abusers
through HTLV-1 infected blood. In Japan, it is estimated that number of HTLV-1
carriers among whom one adult T cell leukemia patient developed is 2000, after
several decades of incubation period. HTLV-1 is also indentified as causative agent
of HTLV-associated myelopathy (HAM) in Japan and tropical spastic parapresis
which is the same disease entity and prevalent in tropical area such as Carribian,
South Africa, Zaire, South India.

At this moment, there is no reported cases who showed clinical symptoms of adult
T cell leukemmia after blood transfusion. This may be bue to extremely long
incubation period. In several cases HAM developed half to several years after blood
transfusion. Infection of HTLV-1 was observed by seroconversion of anti HTLV-1
antibody after transfusion of whole bloods and preprations of red cells and plateles
but not fresh frozen plasma.

Based on these background, anti HTLV antibody screening has strong rationale to
prevent post-transfusion infection. As for screening, gelatin particle agglutination
(GPA) with SERODIA-ATLA prepared by Fuji Rebio has been used. The principle
is the same as described in GPA test for HIV using gelatin particles coupled with
partially purified HTLV-1 antigens, Confirmation was carried out routinely by indi-
rect immunofluorescence (IFA) using HTLV-1 carrying cells (such as MT-2) as
positive cells and lymphocyte cell lines without HTLV-1 (sech as Molt-4) as negative
control cells. Western blot confirmation test was also carried out in some instances.

" Reaction of antibody to gag proteins such as p24, pl9 and p53 ,env. proteins gp6l
and gp46 are monitored by enzyme-labelled antibody against human gamma
globulin.

Anti HTLV-1 Ab screening of donated bloods was started from February 1986 in
Japanese Red Cross bolld centers. As of April 30, 1988, out of 13,455,311 blood
donors, 311,006 were anti HTLV-1 Ab positive (2.31%) in total Japan. Geographically,
Ab positivity was highest in Kyushu area,where adult T cell leukemia is most

prevalent and low in Tokyo and central Japan. The results are shown in Fig.2.



Figure 2.

. Hokkaldo

HTLV-1 Ab-positive

(Particle Agglutination)

November 1, 1986~December 31, 1987

area | Numberal [ Numberer |

Tokyo 3,068,766 42,314 1.38%
Hokkaido 548,068 7,577 1.38%
Sendai 674,308 14,787 2.19%
Nagoya 1,288,728 16,455 1.28%
Osaka 1,590,945 27,540 1,73%
Okayama 1,006,162 15,354 1.53%
Fukuoka 1,388,586 80,836 5.82%
Total 9,565,563 204,863 2,14%
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4. Transfusion Associated Non A Non B Hepatitis (NANBH)

The etiological viruses of NANBH are still unknown despite intensive investigation
over 15 years. At least two types, one associated with cytoplasmic tubular structure
in the liver of infected chimpanzee, tubular type, and the other non-tubular type
were demonstrated by cross challenge experiments with chimpanzee.

One of candidate cause of NANBH, a single stranded RNA virus with a genome of
10-12kb, possibly classed as a toga virus has been claimed by Houghton and sero-
logical tests using gene products are now in pre clinical study.

In contrast to post transfusion hepatitis B, NANBH have tendency to develop much
more chronicity and possibly hepatocellular carcinoma several decades after blood
transfusion.

Since there is no routine serologically specific test for NANBH, for prevention of
post transfusion NANBH, adoption of surrogate tests have been preposed. The policy
to eliminate donated blood with HBc Ab positive and elevated S-GPT level was
adopted by the major blood organizations in U.S. IN U.S. and West Germany, 2,049
cases were examined. Among these, NANBV occured in 14.5% after anti HBc Ab
positive blood transfusion while 5.6% NANBH occured after anti HBc negative blood
transfusion showing P value <0.001 significance.

This policy is difficult to adopt in most of Western Pacific region where HBV
infection is endemic. In Japan it is now considered to cut down the limit of S-GPT

from 35 KU to lower level for adoption of donated blood.
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