HBV INFECTIVITY OF BLOOD COMPONENTS

TABLE 4. Biood denors and components included in study of HBV transmissibility and relationship between
HBV-TTi and anti-HBc status of fransfused components
' Number of Total number
Anti-HBG in Number of Converted components processed of components  Infectian
repository samples donors © marker and transfused evaluated Yes No evidence
Low titer 29 NAT: 4 5 33 1 32
Anti-HBc: 25 28
Negative 20 NAT: 1 1 22 " 1
HBEsAg: 4 4
Anti-HBe: 15 17
Undetemined 6 NAT: 1 1 8 0 8
: Anti-HBe: 5 7
Total 85 NAT: 6 7 63 12 51
HBsAg: 4 4
Anti-HBe: 45 52

assumed to be TTI cases, the infectivity of the components
would be 27 percent.

Blood components transfused to the 63 patients had
been processed from 55 donations {Table 4). The HBV
infection status of the 55 donations was determined from

the anti-HBc and anti-HBs data and was further con- -

firmed by the serologic data that were obtained with the
repository tubes in the subsequent donation when HBV
marker(s) converted. Twenty-nine donors with low-titer
" anti-HB¢ were judged to be in the occult carrier state
(Table 4); 4 donors who became 50-NAT-pasitive in the
subsequent donation were anti-HBc—positive with greater
than 95 percent EIA inhibition in both the index and the
subsequent donations, and all 25 donors showed weak
reactivity for HI and greater than 90 percent (except for
one case with 63%) EIA inhibition in the index donation
and showed HI positivity and greater than 95 percent EIA
inhibition in the subsequent donation, One gxceptional
donor with 63 percent EIA inhibition for anti-HBc was
& 60-year-old woman with 72 mIU per mL anti-HBs in
the index donation. Twenty anti-HBc-negative donations
were designated as those obtained during the window
period (Table 4); 4 donors became strongly positive for
EIA-HBsAg with greater than 200 S/N within 2 months; 13
donors became anti-HBc-positive with greater than
90 percent EIA inhibition coupled with HI conversion in

the subsequent donations; I donor with 5 percent inhi-

bition for ElA-anti-HBc became HI-positive with an
increase of up to 65 percent inhibition and anti-HBs
conversion; 1 ‘donor with 10 percent inhibition became
HI-positive although EIA-anti-HBc remained ‘ negative
after 14 days with 46 and 38 percent irthibitions in dupli-
cate tests; and 1 donor became positive only for 50-NAT
after 33 days, representing a minipool (MP}-NAT window
case. For the six donations that had conflicting results
between HI and ElA-ant-HBc, the infection status was
not determined even if the serologic data in the subse-
quent donation were taken into consideration. A nonspe-
cific reaction of HI and ElA-anti-HBc or the recovery

phase of acute infection with or without prior vaccination
are the possible explanation for this category. Because the
transfusion of components derived from one donation *
{e.g., red blood cells [RBCs] and fresh-frozen plasma
[FFP]) sometimes caused discrepant results in patients
and the total viral loads of the components were different
depending on the component types, clinical. outcomes
resulting from the transfusion of components derived
from single donation are described separately in the
present analysis,

Nate that 11 of the 12 components that caused HBV

“infection had zero or negligible anti-HBc titers and there-
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fore were considered to have been derived from donations
given during the 50-NAT window period (Table 4}. One
jumbo FFP component (450 ml) identified by 50-NAT
conversion in the subsequent donation had low anti-HBc
titer with fewer than 100 copies per mL viral concentra-
tion. This case represents a TTI case caused by the trans-
fusion of an occult carrier~derived component. Results of
anti-HBs testing were available for 9 of the 12 infectious

samples (Table 5). All 9 showed negative results including |

the sample from the occult carrier that had 4.8 mIU per
mlL, a value defined as negative. Of the repository tubes
from 51 noninfectious components, 11 were negative and
32 were positive with low titer for anti-HBc (Table 4). Of
the 32 samples with low-titer anti-HBc, 11 were positive
and 12 were negative for the presence of anti-HBs
(Table 5).

In summary, of the 33 components with iow-titer
anti-IIBc, only 1 could be identified that caused infection,
whereas of the 22 anti-HBc-negative components, 11 had
proved to cause infection (Table 5). If the 8 anti-HBc-
undetermined cases were also considered, the infectivity
range of low-tter anti-HBc components was 2.4 to 3.0
percent and that of anti-HBc-negative components was
37 to 50 percent, showing that the HBV transmission rate
of window period-derived components observed in our
hemovigilance system is more than 10-fold higher than
the rate caused by occult carriers with low-titer anti-HBc
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TABLE 5. Relaﬂonships between anti-HB¢, anti-HBs, and HBV-TTI

DISCUSSION

Anti-HBs The sample repository of all donations
Anti-HBc infection Posltive Negative Undetermined Total stored since 1996 enabled us to perform
Low fiter Yes 0 1{1) s} 1 ey e
Not " a7 12 (15 3 (0) 32 a Ioak.back study and identify the blvo.od
Negative Yes 0 8(9) 3(2) 1 (donations that were ID-NAT-positive
No 0 8(10) 3t} . 1 with low HBV DNA levels but had not
Undetermined Yes 0 0 ¢ 0 been detected by the regular 50-NAT,
No 5 (5} 22 1(1) 8 : .
Total Yes 0 (0) 3 (10) 3(2) 12 HBsAg, and anti-HBc screening tests.
No 16 (22) 22 (27) 13(2) 51 Although the serologic testing of pre-

1 No evidence of infection.

* Number in parentheses is the number of donations that include cnes whose anti-HBs
status was estimated with the data oblained from subsequent donation.

and postiransfusion bloed samples of
patients who had received the ID-NAT
HBV DNA-reactive blood components

. who have slipped through the JRC screening system. It is
-+~ also clear that there was no HBV-TTI in patients who were
Q,,_ransmsed with anti-HBs-positive components. When
anti-HBc-undetermnined cases were incdluded, none of 16
. anti-HBs~-pasitive components exhibited evidence of

" infécHon (Table 5); When anti-HBs—undeterminéd cases’

were reevaluated with the anti-HBs and/or anti-HBc data
in the subsequent donation and tme interval between the
two donations, the cases were successfully divided into
anti-HBs—positive or -negative groups {(nurmbers in paren-
thesis in Table 5}, When the estimated numbers were also
taken into account, it is calculated that the infectivity of
components with and without antd-HBs was 0 6f 22 and 10
of 37, respectively (Table 5).

In both the low-anti-HBc-titer group and the anti-
HBc-negative group, the same HBV DNA levels were mea-
sured in the components with and without evidence of
infection (Table 6). This is ttue even when viral Ioad is
adjusted to total viral copy number contained in the com-
~ ponents with mean plasma volume of each component
':f:_'.-i'Cfdata not shown). There was also no clear correlation

setween the type of bloed components transfused and the

infection oufcomes observed in the recipients. There were
two cases where components from one donation caused
discrepant results in two patients transfused (Table 6 foot-
note). The distribution of age or sex showed no difference
between the patients with and without serologic evidence
of infection (data not shown). _

The basic disease conditions of the TTI cases were
available for nine patients: rpultiple trauma in one, surgi-
cal operation in three, shock due to trauma and burn in
one, great vessel diseases in two, hematologic malignan-
cies in two, and disease unknown in three {Table 7). The
results show that patients prone to infection were not
limited to heavily immunocompromised people. Four
patients showed elevated alanine aminotransferase (ALT)
of more than 100 IU per L. Although the number of
patients was limited, there was a tendency that a high ALT
was associated with a high total viral load infused.
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was often incomplete, we were able to

show a difference in the ransmissibility

of HBV between donations in the pre-HBsAg and/or

MP-NAT window phase and blood from donors with
occult HBV infection whose anti-HBc titers were below

the exclusion limit of the JRC screening system. :

We performed HBV ID-NAT on 15,721 repositary

tubes and identified 158 (1.01%) DNA-positive samples, of

which 95 were anti-HBc-reactive with law titer, indicating
that, under the Japanese screening algorithm, 60 percent

.of the ID-NAT-only-positive donations from repeat

donors are derived from occult carriers. The viral loads of
the samples from occult carriers were very low with 75 of
78 samples having fewer than 100 copies per mL, Such
concentrations cannot be detected with pool-NAT sys-
tems! suggesting the need to develop and implement
ID-NAT systems for screening.’> When no ID-NAT systems
are available, sensitive anti-HBc testing is currently the
only measure for identifying these very low viral loads
from occult carrier donations.'*

Of the 63 patients transfused with ID- NAT~only—
positive components, 12 (19%) were confirmed as HBV-
TTI cases. This number is tmexpectédly low relative to the
high HBV infectivity observed in clinical settings and
animal experiments.’'¢ Possible reasons for this include
the following: 1) ant-HBs or anti-HBc testing before and
after transfusion is not routinely performed in medical
facilities; thus some patients might have immunity
against reinfection from past exposure to HBV or vaccina-
tion, whereas a relatively large proportion of HBV infec-

tions may not have been recognized in’ the current

hemoviligance system in the hospitals. It is, however,
unlikely that most noninfected patients maintained
immunity by past infection given the hepatitis marker fre-
quency of firsi-time donors in Japan, where the highest
prevalence of anti-HBc (6.82%) has been observed in
donors in their sixties.”” Assuming that this percentage
represents the mean anti-HBc¢ prevalence amaong patients
who received transfusions and that all anti-HBc-positive
people have immunity against reinfection, prior protec-
tion would have contributed very little to the observed
incidence of HBV-TTI. 2) The viral copy number obtained
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TABLE 6. Relationship between HBY infectivity, HBV viral loads, and types of components

Without evidence of infaction (11)
Undetermined (8) Without svidence of infection {8)

Anti-HBe¢ status Infectivity Viral loads (copleslmL). component fype(s)
Low ftiter (33) Infectious (1)* <100; FFP {1)

Without evidence of infection (32) <100 (27), 93, 98, 100, 120, NT; RBCs {17), FEP (14), PCt (1)
Negative (22) infectious {11} <100 (6}, 160, 170, 230§, 3001, 380; RBCs(5), FFP{4), PC(2}

<100 (8), 170, 230§, 300ll; RBCs (5), FFP (4), PC (2)
<100 (6), 200, 460; RBCs (2), FFP (8)

* Number in parentheses is the number of components.
T NT = not tested.
I PC = platelst concentrate.

§ RBCs and FFP were processed from the donation and transfused to a pafient undergoing orthopedic surgery and a gastric cancer patient,
respectively. The former patient acquired HBV infection and-the latter did not.

i FFP and RBCs were processed from the denation and transfused to a patient with dissecting aneurysm and a patient undergoing orlhope—
dic surgery, respectively. The former patient acquired HBV infection and the latter did not.

TABLE 7. Baslc disease conditions of TTl cases

Types of Vil Total
Age Converted Highest ALT compongnts copies/ral in viral loads
{years) Sex Basic disease status marker U transfused componems infused”
65 Male Multiple trauma HBsAg 2281 FFP-2 (WP)T 1.7x10? 27,200
86 Female  Knee joint replacemnent Anti-HBs 1109 RBCs-2 (WP) 2.3x 102 5,750

(rheumatoid arthritis)

49 Female . Dissecting aneurysm ‘HBsAg G692 FFP-2 (WP) B0x10%2 . 48,000
il Male Gastrectomy (gastric cancer) HBsAg 148 * RBCs-2 (WP) <100 Ut
62 Male Acute myelogenous leukemia HBV DNA 66 PC§15 (WP) 3.8x 107 85,000
63 Male Carotid artery stenosis - " HBsAg 56 ABCs-2 (WP) <100 up
74 Femals Shock due to trauma and burn HBsAg a3 FFP-1 (WP) <100 | up
68 Male T-cell lymphoma ‘HBsAg 27 PC-10 (WP} <100 uo
78 Male Gastrectomy (gasfric cancer) HBV-DNA 17 RBCs-2 (WP) <100 uD

250 mL; FFP-1, 80 mb; PC-10, 200 mL.
1 Components obtained during the window phase (WP).
$ UD = undetermined.
§ PC = platelet concentrate,

* Total viral load in the component was caloulated with the plasma volume of each component, FFP-2, 160 mL;, RBCs-2, 25 mL; PC-15,

by PCR may include replication-incompetent DNA frag-
ments and therefore may not directly relate to infectivity.
3) A protective effect may be induced by passively trans-
ferred anti-HBs from index components or components
from other antibody-positive donors transfused close to

the time of HBV exposure. 4) The infectivity of HBVmaybe

reduced during storage of the blood components.
Despite these limitations we were able to compare the
outcomes of HBV transmission of components derived
from 55 donations and compare the infection outcomes
in 63 recipients. The results that were retrievable in the
hemoviligance system indicate that the donations in the
pre-HBsAg and/or MP-NAT window phases are at-least
10-fold more infectious than the donations with low anti-
HBc titers from occult carriers. Eleven of 22 (50%}) compo-
nents derived from window-phase donations proved to
have caused seroconversion of HBV markers in the re-
cipients, whereas only 1 of 33 (3%) anti-HBc—eactive
donations showed serologic evidence of infection. The
infectious anti-HBc-reactive FFP component came from
an anti-HBs-negative occult HBV carrier with fluctuating
viremia. None of ‘11 anti-HBc-reactive and anfti-HBs-

positive units proved to have caused infection. When the
anti-HBo~undetermined units were taken into consider-
ation, it was revealed that there was no evidence of in-
fection in any of the 16 patients transfused with anti-
HBs-positive components. To establish the relationship
between the titer of anti-HBs and the infectivity of occutt
carrier—derived blood, more clinical reports are needed
for the category of patients who acquired infection as a
result of wansfusion of low titer anti-HBc components.
When the clinically observed HBV iransmission rate of
anti-HBs-negative donations with and without low-titer
anti-HBc was compared, it turned out that the transmis-
sion rate caused by the presumed tail-end carriers with
occult HBV infection (1/13, 8%) was still significantly
lower than the rate of the window-phase donations (8/16,
50%; P < 0.05). There were three components having at
least 200 copies per mL of HBV sequence that did not
cause infection even in the absence of detectable anti-
HBs. It may be that the infectivity of donors with higher
anti-HBc titers (that are screened out of the Japanese
blood supply) have a higher risk to be infectious, particu-
larly in the tail-end chronic¢ carriers without circulating
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neutralizing anti-HBs. More research needs to be done to
understand the infectivity of HBV in donors with chronic
acceult infection or with persistent or recurrent viral repli-
cation after recovery. In chronic and perhaps more in
recovered occult HBV infection, mutations in the genome
may reduce the capacity of viral entry, replication, and
secretion.”™* It has been reported that a porton of
patients who recovered from. acute hepatitis harbor
HBV in their liver and may exhibit intermittent viremia
even after complete clinical resolution and HBsAg
clearance 2
There was essentially no difference in copy number
_between the infectious and the presumed noninfectious
components, indicating that the viral load is not the only
- factor for infectivity. The infectious load is dependent on
the amount of plasma and 3- to 20-fold higher in platelet
concentrate or FFP than in RBCs, but we were unable to

“::-.demonstrate a difference in transmission risk between

hese components. It may be that other factors affecting
the observed infectivity in recipients (see above) have
masked the known relationship between infectivity and

- viralload in the transfused components, Unfortunately we’

have no means to confirm whether indeed half of the anti-
HBs—negative window-phase units were not infectious
even though viral loads above 1¢* to 10° HBV particles
have been infused. It may be that we would have found
these donations to be infectious when anti-HBc and anti-
HBs was routinely tested in the pre- and peostiransfusion
samples of the recipients. Our estimates for the infectivity
of ID-NAT-only—positive units may thus be underesti-
mated. We also could not find any dear differences
between the patients’ susceptbility profiles in terms of
disease status, age, and sex. Although we could not find
clear relationship between infectivity and viral load in
components, some degree of association was suggested
between patients' high ALT value during the course of
-‘nfection and the high total viral load contained in the

.compaonent, the result reminiscent of the report by Barker

29

and Murray.

JRC has been collecting voluntary reports on TTI from
hospitals and has already established a database for iso-
lated TTI cases®™ Combining these data and those
obtained from this lookback study, it is estimated that
the total number of HBV-TTI cases is 17 to 20 per year
(1/0.27-0.32 willion donations) in Japan with 5.4 million
annual blood donations and that approximately 85
percent of the HBV infections are caused by the transfu-
sion of window period-derived components, Although it
is obvious that combined screening with ID-NAT and sen-

sitive and-HBc¢ testing would ultimately reduce the HBV-

TTI cases, a decision on whether the anti-HBc screening is
implemented or not should be made considering the local
prevalence of HBV in the area considered, the number of
donors who would be disqualified as a result of anti-HBc
screening, and the relative low infectivity of occult carrier—
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derived components described in this report.® One must
bear in mind, however, that in our study only the infectiv-
ity of low-titer anti-HBc carriers was examined and that
the picture can be completely different for anti-HBs-
negative occult carriers with higher anti-HBc titers. It
should alsa be mentioned that JTRC's serologic test, espe-
cially hemagglutination for HBsAg, has lower sensitivity

“than EIA and that the rate of screening NAT yield and

ID-NAT-only-positive donation can be different in other
areas, )

Inaba and coworkers® recently reported about
another anti-HBs-negative occult carrier with borderline
detectable anti-HBc levels who was found some of the
time to be ID-NAT-positive and some of the time to be
ID-NAT-negative.® This may be caused by fluctuating
viremia in the donor or stochastic sample variability in
the NAT assay typical with low viral load. Lookback study
showed that some of the previous donations, both
[D-NAT-positive arid ID-NAT-negative units, had caused
HBV infection in the recipients and that some had caused.
clinical hepatitis. This donor only would have been -
detected with more sensitive anti-HBc screening or'with
ultrasensitive ID-NAT. JRC is currently exploring which
options remain to further reduce the risk of posttransfu-
sion hepatitis B.
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