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Abstract

In common with other developed countries, the United States has placed a great deal of emphasis on blood safety. As a
result of careful donor selection and the use of advanced tests, including nucleic acid testing (NAT), the risk of transmission of
human immunodeficiency virus and hepatitis C virus has been reduced to about 1 in 1.5 million donations. NAT for hepatitis B
virus has not been introduced, but nevertheless the risk is low. Attention recently has been focused on emerging infections.
NAT for West Nile virus was implemented within 6 to 8 months of recognition of the need to prevent transfusion transmission
of this newly introduced virus. Approximately 1000 potentially infectious donations were identified and removed from the
blood supply during the 2003 season. Other emerging infections attracting attention include Chagas’ disease, babesiosis,
malaria, and variant Creutzfeldt-Jakob disease.
Int J Hematol. 2004;80:301-305. doi: 10.1532/1JH97.04123
©2004 The Japanese Society of Hematology
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1. Introduction 2. Current Risk of Hepatitis Viruses and Retroviruses

In the United States, bicod safety depends on selection of The onginal approach to controlling transfusion-transmitted
voluntary donors, extensive use of screening questions, labo-  hepatitis and, later, acquired immunodeficiency syndrome
ratory testing, and maintenance of deferral registries. These (AIDS) involved careful questioning of donors about their
processes are highly regulated and are managed under vol- medical history and risk behaviors. The majority of these

untary quality systems such as the standards of the American ~ questions are still in place, despite the use of tests of increas-
Association of Blood Banks (AABB). Over the years, there  ing sensitivity. Overall, however, very few donors are
has been a process of continuing improvement, particularly ~ deferred as a result of these questions, but there is good
in testing. This process has resulted in a very low frequency  evidence that almost 2% of donors may fail to report
of residual infectivity from the blood supply, at least for hep-  deferrable risk behaviors during the donation process [5].
atitis and retroviral infections. The recent introduction of  Nevertheless, both the prevalence and incidence of human
nucleic acid testing (NAT) has had a major impact on safety  immunodeficiency virus (HIV), hepatitis B virus (HBV),
[1-3]. At the same time, a number of new threats to blood  and hepatitis C virus (HCV) infection among donors is
safety have appeared and necessitated additional donor  much lower than that attributable to the general population
deferral and/or testing measures [4]. Notable among these  (Table 1) [6]. It seems likely that the majority of infected
new infections have been West Nile virus (WNV) and variant  and at-risk individuals do not donate as a result of the use
Creutzfeldt-Jakob disease (vCID). of a voluntary donor population along with broad public
education.

_In the United States, the following tests are performed on
all blood donations: antibodies to hepatitis B core antigen

Correspondence and reprint requests: Roger Y. Dodd, PhD, (anti-HBc), hepatitis B surface antigen (HBsAg), antibodies
Executive Director, Blood Services Research and Development, to hepatitis C virus (anti-HCV), antibodies to HIV-1 and
American Red Cross, Jerome H. Holland Laboratory for the HIV-2 (anti-HIV-1/2), antibodies to human T-lymphotrophic
Biomedical Sciences, 15601 Crabbs Branch Way, Rockville MD virus I (HTLV-1) and HTLV-II (anti-HTLV-I/II), serologic
20855, USA,; 1-303-738-0641; fax: 1-301-738-0495 (e-mail: dodd@ test for syphilis, and minipool NAT for HIV and HCV RNA.
usa.redcross.org). In addition, all donations are tested by investigational NAT
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Table 1.

Prevalence and Incidence of Major Transfusion-Transmissible
Infections among the US Population and among US Voluntary Blood

Donors*

Prevalence, pht Incidence, phtpy

Infection Population Donors Population Donors
HBV (HBsAg) 420 77 27.9 13
HCV 1800 304 8.9 19
HIV 200 10 14.3 1.6

*From [1,6]. pht indicates per hundred thousand; phtpy, per hun-
dred thousand person-years; HBV, hepatitis B virus; HBsAg, hepatitis B
surface antigen; HCV, hepatitis C virus; HIV, human immunodeficiency
virus.

for WNV RNA (see later). Despite the use of these tests, post-
transfusion infections continue to be reported [7-9]. Essen-
tially all of them have been identified as a result of focused
lookback procedures. The frequency of these occurrences is
very low, but the efficacy of reporting is questionable. Conse-
quently, the risk of transfusion-transmitted infections is usu-
ally projected from evaluation of donor testing results.

A number of circumstances may contribute to posttrans-
fusion infections, even when laboratory tests are used. These
circumstances include laboratory error, infections with vari-
ant or mutant viruses that evade detection, and collection of
blood during the window period. Busch analyzed the relative
contribution of each of these factors and concluded that the
major risk of posttransfusion infection is collection of blood
during the test-negative window period [10].

The risk of residual infection from window-period dona-
tions can be calculated by simply multiplying the length of
the window period by the incidence of new infection in the
donor population. The window period for key transmissible
infections has been defined either by direct observation of
the period between exposure and development of the infec-
tion marker or by calculation from lookback cases. The win-
dow period estimates have been continuously corrected to
reflect the use of tests of increasing sensitivity. The assess-
ment of the effect of such tests has been done by examining
closely spaced samples collected during seroconversion.
Such panels of samples have been obtained from plasma-
pheresis donations.

The primary means of defining incidence rates among
donors has been by direct observation of the frequency of
new infections in large populations of regular donors. Thus
many estimates of residual risk are applicable only to repeat
donors. However, the incidence rates for infections among
first-time donors also have been measured by careful use of
modified or additional tests. For example, Janssen and col-
leagues used a less-sensitive anti-HIV test to measure the
proportion of HIV-positive donors who were in the first 3
months of infection [11]. These observations allowed direct
measurement of incidence. Somewhat similarly, Dodd and
colleagues evaluated the frequency of donations that were
positive for HCV RNA but negative for anti-HCV among
first time donors [1]. Knowledge of the length of the RNA-
only period again allowed estimation of the incidence rate
for HCV. It was interesting that both of these studies showed
that in US donor populations, the incidence of new infections

-

among first-time donors is about 2.4-fold greater tha
among repeat donors.
ruses

Table 2 shows an estimate of residual risk of re
and hepatitis viruses among voluntary blood donors in the
United States, both for repeat donors and for the overall
donor population, which includes approximately 22.8%
donations from first-time donors. In some cases (HBV and
HTLV), there is no direct measure of incidence among first-
time donors, so it has been assumed that the frequency is 2.5-
fold greater than that for repeat donors. The impact of NAT
also is shown in Table 2. '

Since 1999, all donations in the United States have been
tested by nucleic acid amplification methods for the presence
of HCV and HIV RNA. Two commercial methods are in use,
and most testing is performed on minipools of 16 or 24 sam-
ples, depending on the selected method. The yield of RNA-
positive, antibody-negative samples has been 1 in 230,000 for
HCV and 1 in 3.1 million for HIV [2]. As Table 2 shows, the
impact of removing these donations from the blood supply
has been reflected in.an appreciable increment in blood
safety. At the time of this writing, procedures for detecting
HBYV DNA in minipools have been evaluated, and data have
been submitted to the US Food and Drug Administration in
support of applications for licensure of these procedures. In
at least one study, a small number of HBV DNA—positive
yield samples were detected, but it is anticipated that HBsAg
tests of increased sensitivity will offer a similar safety incre-
ment to DNA testing in minipools.

3. West Nile Virus

WNYV is a good example of the unexpected emergence of
an existing virus in a previously uninfected geographic locale.
WNV is a flavivirus of the Japanese encephalitis serogroup.
It is spread mainly by mosquitoes and, until the outbreak in
the Americas, was endemic only in southern Europe, parts of
Africa, and the Middie East. In these locations, the virus
seems to be largely in equilibrium, aithough there have been
a number of localized outbreaks of human disease. In these
areas, the virus had never been considered to offer any threat
to blood safety.

In 1999, WNYV appeared for the first time in North Amer-
ica, in the form of a small but intense outbreak in New York
City with 66 recognized human cases and 2 deaths. In the

Table 2.
Estimated Residual Risk of Infection from the American Red Cross
Voluntary Blood Supply*

Residual Risk from

Infection Repeat Donors All Donors
HBV 1:205,000 . 1:144,000

HCV without NAT 1:276,000 1:199,000

HCV with NAT 1:1,935,000 1:1,390,000
HIV without NAT 1:1,468,000 1:1,048,000
HIV with NAT 1:2,135,000 1;1,525,000
HTLV 1:2,993,000 1:1,208,000

*Adapted from [1]. HBV indicates hepatitis B virus; HCV, hepatitis C
virus; NAT, nucleic acid testing; HIV, human immunodeficiency virus;
HTLV, human T-lymphotrophic virus.
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next 2 years, a similar number of cases were seen, but sur-
veillance studies revealed that the virus was spreading to a
larger area each year. The major amplifying hosts were a
number of bird species, and significant avian mortality
occurred. At that stage in the epidemic, there was little con-
cern about the risk of transfusion transmission of WNYV,
although a risk estimate was published for the initial out-
break [12]. In 2002, however, there was an enormous out-
break of human cases, totaling 4156 with 284 deaths and
affecting the majority of the continental United States. Of
most concern, 61 potential cases of transfusion-transmitted
WNV infections were reported, and of these 23 were con-
firmed [13]. In all cases in which samples of the implicated
donations were available, it was found that readily detectabie
levels of WNV RNA were present.

These observations led to rapid development and imple-
meantation of NAT for WNV. The decision to move toward
such testing was made in September 2002, and tests were
fully in place before the start of the 2003 WNV season in July.
During 2003 there were 9388 human cases of WNV disease
with 246 deaths. The cases occurred over an even broader
geographical area than that affected in 2002. Blood collectors
identified approximately 1000 WNV RNA-positive dona-
tions (a rate of about 1 in 5000), preventing many potential
infections among blood recipients. In some localities, the fre-
quency of finding RNA-positive donors was extremely high
(for example, 1 in 47 in parts of Nebraska) [14]. As a result
of concerns that NAT in minipools did not detect all RNA-
positive donations and the eventual demonstration of recip-
ient infections attributable to such low-titer samples, limited
single-donation testing was implemented in some areas of
highest incidence of WNV infection. It was clear that this
approach did detect some otherwise undetectable, poten-
tially infectious samples. The practice of performing
resource-limited single-donation testing of this type contin-
ued into the WNV season in 2004. During 2003, 6 confirmed
cases of transfusion-transmitted WNV were reported. All
seemed to be attributable to donations with very low titers of
WNYV, below the levels detectable by minipool testing. As of
this writing, however, there has been no authenticated case in
which transmission has been attributable to a blood unit with
detectable levels of WNV immunoglobulin M (IgM),
although it is known that IgM and WNV RNA may coexist
for a time. Thus the unexpected emergence of WNV and the
finding of its transmissibility by transfusion posed a signifi-
cant challenge in 2002 [15]. Rapid development and imple-
mentation of NAT clearly had a significant impact on the
problem, although it has not proven possible to entirely elim-
inate the risk.

4. Other Infections
4.1 Syphilis

All donations are tested for syphilis with treponemal tests,
nontreponemal tests, or both. There has been no reported
case of transfusion syphilis in the United States for well over
40 years. It is possible that this outcome is a result of contin-
uing testing, and it has not proven possible to eliminate the
requirement for such testing {16]. In recent studies, however,

-~

Orton and her colleagues did not find treponem NA
and/or RNA in 169 blood donor samples with conﬁeros«
itive serological test results for syphilis [17]. Thus th ten-
tial for detection of an infectious sample appears to be low.

4.2. Malaria

Malaria is probably the infection most frequently trans-
mitted by transfusion. However, such transmission is a rarity
in the United States with only 1 or 2 cases annually [18].
Approximately 1000 cases of imported malaria are diag-
nosed each year in the United States. This number is small
compared with the numbers in, for example, Western
Europe. There is a comprehensive effort to exclude at-risk
donors by careful questioning about their travel history.
Many of the recent cases of transfusion transmission of
malaria appear to be attributable to failures in the question-
ing process. Although endemic malaria has been eliminated
from the United States, there is concern about the occur-
rence of epidemiologically unexplainable cases, most
recently in Virginia and Florida. At least some of such cases
are attributable to mosquito-borne transmission from
migrant workers or travelers, but it is clear that a questioning
strategy would be ineffective in identifying such secondary
cases if the individuals were to present to give blood. This is
a situation that deserves future scrutiny.

4.3. Chagas’ Disease

[t is well-established that Chagas’ disease (caused by the
protozoan parasite Trypanosoma cruzi) is transmitted by
blood transfusion. In Latin America, where human infec-
tion is endemic, it is estimated that a recipient of para-
sitemic blood has a 12% to 50% chance of being infected.
Because infection is often lifelong, population movements
from endemic areas lead to the presence of infected and
potentially infectious individuals in nonendemic areas such
as the United States. There have been a total of 6 well-
authenticated transfusion transmitted cases of T cruzi infec-
tion in the United States (4 cases) and Canada (2 cases) [4].
These cases are thought to be a substantial minority of the
cases that might occur, because the disease is not readily
diagnosed, nor is it often suspected. One of the recognized
cases was identified only as a result of careful follow-up of a
patient inadvertently given a transfusion of seropositive
platelets [19]. Essentially all cases were traced to donors who
had been infected early in life in areas of endemicity. There
is currently no testing for T cruzi antibodies in the United
States, and donors are asked only if they have had Chagas’
disease. This measure is very insensitive [20]. Seroprevalence
studies have shown that in areas with a high proportion of
migrants from Latin America, as many as approximately 1 in

7500 donors may be in the seropositive state, and approxi-

mately 60% of these donors actually have parasitemia, as
demonstrated by polymerase chain reaction analysis and or
parasite culture [4]. It is thought that the national seropreva-
lence rate may be between 1 in 40,000 and 1 in 25,000, sug-
gesting a potential for a few hundred infections each year.
Lookback studies, however, did not identify any infected
recipients within a group of 19 patients who received blood
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from donors subsequently found to have seropositive results.
A study of cardiac surgery patients receiving a total of
approximately 120,000 transfusion products did not identify
any new transmissions of 7 cruzi [21]. It is possible that in an
environment in which component therapy is the rule, most
transmissions actually come from platelets rather than red
blood cells.

4.4. Babesiosis

Babesia organisms are small, intraerythrocytic protozoan
parasites. Their natural hosts are mammals, and they are
transmitted by ticks. Humans are accidentally infected as a
result of a bite from an infected tick. In the United States, the
predominant species is Babesia microti; which i5 endemic in
the Northeast coastal area and in parts of the upper Midwest
(Wisconsin and Minnesota). Other species have been found
on the West Coast and in Missouri and Kentucky. Approxi-
mately 50 cases of transfusion-transmitted babesiosis have
been reported in the United States. However, seroprevalence
studies show that approximately 1% of blood donors are
antibody-positive in endemic areas of Connecticut and as
many as 60% of these individuals may have parasitemia
and transmit the infection to recipients of their blood. The
overall infection risk in Connecticut has been estimated at 1
per 1800 units of red cell concentrates [4]. It is interesting
that there has been a single report of transfusion transmis-
sion of Babesia organisms in Japan [22]. No routine test is
currently available, and epidemiologic or risk questions are
ineffective in identifying infectious donors. In most cases, the
disease is readily treatable. However, some fatal transfusion-
transmitted cases have occurred. Elderly, immunocompro-
mised, and asplenic patients are at most risk.

4.5. Transmissible Spongiform Encephalopathies

Transmissible spongiform encephalopathies (TSEs) are
progressive, uniformly fatal, degenerative neurologic dis-
eases that occur in mammals and humans. The prototypic
human TSE is Creutzfeldt-Jakob disease (CID), which
occurs with a worldwide annual incidence of about 1 per 1
million. The TSEs are thought to be caused by prions, or con-
formational variants of a normal protein. It is thought that
the pathologic form of the prion can catalyze the same con-
formational change in the normal protein, thus replicating
the infectious agent. The prions are themselves infectious,
and CJD has been iatrogenically transmitted by the use of
neurosurgical instruments, by transplantation of dura mater
prepared from infected donors, and by the use of pituitary-
derived human growth hormone. A particular feature of the
infectious agent of TSE:s is its resistance to inactivation. For
many years, there has been concern that CID might be
transmissible by blood transfusion, but at the time of this
writing, there has been no evidence of such transmission.

Over the past 15 years, a new TSE, bovine spongiform
encephalopathy, has emerged among cattle, particularly in
the United Kingdom, where hundreds of thousands of cases
occurred [23,24]. The disease also has been reported from
many countries and has a global distribution, probably as a
result of export of cattle feed and live cattle. The disease

arose as a result of a policy of feeding meat and bén) me
to cattle, allowing recirculation of the infectious agént. Th
infectious agent has been transferred to human pdpPffations
as a result of consumption of meat and meat products from
affected animals. The resulting human disease is a clinically
and pathologically distinct TSE termed variant CJD (vCJID)
[25]. As of the middle of 2004, almost 150 deaths had been
attributed to vCJD, the majority of which occurred in the
United Kingdom. Because of its natural history, distribution
in the body, and results of animal model studies, it was feared
that vCJD might be transmissible by transfusion. At the time
of this writing, 2 likely cases of such transmission have been
reported, both in the United Kingdom [26,27]. As of this
writing, it is not possible to characterize the actual risk of
further cases, although the risk is likely to be very low. A
number of precautionary measures have been taken to
reduce the risk. In particular, in countries outside the United
Kingdom, persons who have spent time in the United King-
dom or in other European countries are deferred from
donation.

4.6. Bacteria

The most frequent microbial adverse. events in transfu-
sion medicine are septic reactions due to bacterial contami-
nation of platelet products. A US national surveillance study
showed a rate of confirmed septic events of approximately 10
per 1 million platelet transfusions, and approximately 20% of
these events were fatal [28]. In contrast, a prolonged study in
a single hospital showed a frequency of patient reactions of
approximately 1 per 15,000 units transfused [29]. Although it
was generally accepted that the risk of such reactions
increased with the length of storage (which is up to 5 days in
the United States), the national study reported that deaths
occurred at a median of 2.5 days of storage, perhaps as a
result of the presence of fast-growing bacteria [28]. In a
number of countries, procedures to evaluate platelet con-
tamination by automated culture have been implemented.
In the United States, in March of 2004 the AABB started
requiring methods for limiting and detecting bacteria in
platelets. Almost all apheresis platelets are evaluated by
automated culture, but this practice has not proved possi-
ble for whole blood-derived platelets, which are generally
evaluated by surrogate methods with lesser sensitivity.
Overall, apheresis platelets are yielding reactive culture
results at a rate of about 1 per 2000, but one half or more
of such findings are falsely positive. It seems likely that
these measures will prevent the transfusion of at least a pro-
portion of bacteria-contaminated platelets.

S. Summary

Overall, the risk of infection from blood transfusion is
very low in the United States, significantly less than 1 in
1 million for HCV, HIV, and HTLV. The risk of HBV infec-
tion may be somewhat higher, although there are essentially
no contemporary reports of posttransfusion hepatitis B. In
contrast, it appears that the risk of infection by other agents
(particularly certain parasites) may be much greater. It has
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been shown that a rapid response to a newly emerging,
transfusion-transmissible agent is possible, as in the case
of WNV.
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Summary

Several reports have suggested the possible transmission of human parvovirus
B19 (BI9) through the administration of plasma derivatives that had
undergone virus inactivation by various types of heat treatment. However,
none of the reports evaluated and discussed the inactivation of BI9 by the
heat treatment that is implemented in the individual manufacturing
processes of such products. The present study evaluated the ability to
inactivate B19 of liquid-heat treatment at 60°C for 10 h that was
incorporated in the manufacturing process of intravenous human
immunoglobulin preparations. The results showed that B19 was rapidly
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Osaka 573-1153, Japan.
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Human parvovirus B19 (B19) is not so pathogenic to healthy
individuals; however, this virus does present a certain level of
risk, because it may cause serious pathological conditions in
pregnant women and immunosuppressed individuals. As B19
has no envelope, it is resistant to detergent- or organic-solvent
treatment. In addition, B19 is a small virus (diameter,
18-26 nm), which means that it is not easy to eliminate by
filtration through virus removal membranes. Liquid-heat
treatment, which is considered to be a highly reliable method
for virus inactivation, has been introduced in the manufac-
turing processes of various plasma derivatives. Investigation
using model viruses shows that B19 is heat resistant, suggesting
that the evaluation of the obtained results for inactivation may
be limited (The European Agency for the Evaluation of
Medicinal Products/Committee for Proprietary Medical Prod-
ucts (CPMP) Biotechnology Working Party, 200la; The
European Agency for the Evaluation of Medicinal Products/
Committee for Proprietary Medical Products (CPMP) Bio-
technology Working Party, 2003).

To date, the heat stability of B19 has been based on the heat
sensitivity of porcine parvovirus (PPV) and canine parvovirus
(CPV), used as model viruses, and epidemiologic information
such as case reports on seroconversion after administration of
plasma derivatives. In fact, these model viruses have been
widely used to evaluate safety of the plasma derivatives
according to the guidelines (The European Agency for the
Evaluation of Medicinal Products/Committee for Proprietary

© 2004 Blackwell Publishing Ltd, British Journal of Haematology, 128, 401404

inactivated under the conditions used for the liquid-heat treatment.

Keywords: parvovirus B19, intravenous immunoglobulin, viral safety, virus

inactivation, transmission.

Medical Products (CPMP) Biotechnology Working Party,
1996, 2001b; The International Conference on Harmonisation
of Technical Requirements for Registration of Pharmaceuticals
for Human Use (ICH), 1997; Pharmaceutical and Food Safety
Bureau, Ministry of Health, Labour and Welfare, 1999).
Recent reports have shown that under liquid-heating
conditions, B19, unlike other animal parvoviruses, was heat
sensitive (Bliimel et al, 2002a; Yunoki et al, 2003). The reports
suggested that, under the heating conditions employed in
manufacturing process of albumin preparations, B19 should
rapidly be inactivated and that its heat sensitivity should differ
depending on the specific stabilizer used in the inactivation
treatment (Yunoki et al, 2003). The present study evaluated
the heat sensitivity of B19 under the liquid-heat treatment
conditions currently implemented in the manufacturing pro-
cess of intravenous immunoglobulin (IVIG), polyethylene
glycol (PEG)-treated/heat-treated preparations and demon-
strated that the virus was rapidly inactivated under the

conditions used.

Materials and methods

IVIG heat-treated/PEG-treated preparation (heat/PEG-
treated IVIG).

Heat/PEG-treated IVIG preparations, derived from Japanese
donors (Kenketsu Venogloblllin®-IH, Benesis Corp., Osaka,

doi:10.11114.1365-2141.2004.05309.x
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Japan) or US donors '(Venoglobulin®-IH, Benesis Corp.), were
used in this study. In order to exclude interference by
neutralizing antibody to the infectivity assay system of B19, a
sample was prepared immediately before heat treatment using
anti-B19 immunoglobulin (IgG)-negative Japanese plasma
under the same conditions used by the manufacturers of
Kenketsu Venoglobulin®-IH, on a smaller scale.

Parvovirus B19-positive plasma

Anti-B19 IgG-negative, BI19 DNA-positive plasmas that had
been legally collected in the US were used. Plasma samples
from three different donors, who were negative for human
immunodeficiency virus, hepatitis B virus and hepatitis C virus
(hereinafter referred to as P2, P3 and P4, respectively), were
used (Yunoki et al, 2003).

Anti-B19 IgG antibody assay

The antibody titre of heat/PEG-treated IVIG (seven and three
lots made of plasma procured in japan and the US, respect-
ively) was determined using parvovirus B19 IgG enzyme
immunoassay (Biotrin International, Dublin, Ireland) and the
World Health Organization International Reference (Anti-
Parvovirus B19 Serum (IgG), Human, National Institute for
Biological Standards and Control Catalogue No. 93/724).

Virus removal by 35 nm filter

The sample obtained by mixing B19-positive plasma and anti-
B19 IgG (at 5°C, neutral pH, overnight), and the sample
containing B19-positive plasma alone were resuspended
(1/100 v/v) in 5% sorbitol solution containing heat/PEG-
treated IVIG collected immediately before the removal step
and the suspensions thus obtained were immediately subjected
to filtration using a 35-nm Planova filter (Asahi Kasei Pharma,
Tokyo, Japan). The quantity of B19 DNA before and after
filtration was measured by the same method used previously
(Yunoki et al, 2003).

Neutralization assay

Heat/PEG-treated IVIG was diluted threefold with 5%
sorbitol and gradually diluted to an 81-fold dilution. B19-
positive plasma (P4) was subjected to ultracentrifugation
(150 000 g for 3 h). Plasma B19 was collected from the
precipitate and resuspended in 5% sorbitol to adjust the
number of two different virus samples (107 and
97 log copies/ml). The diluted heat/PEG-treated IVIG sam-
ples and the virus samples were mixed and left to react for
1 h at 37°C, and then assayed for any remaining infectivity
of B19. Infectivity was determined by polymerase chain
reaction detection of mRNA as an indicator, as previously
reported (Yunoki et al, 2003).

29

Heat inactivation in liquid

Three different B19 samples derived from B19 positive plasmas
(P2, P3 and P4) were ultracentrifuged as described above and
added to the solution of heat/PEG-treated IVIG collected
immediately before heat treatment. These three different
mixtures were liquid-heat treated at 60°C for 2 h. B19 was
added to the stabilizer alone to determine the effect of the
stabilizer used in liquid heating (33% sorbitol). As in the
previous report (Yunoki ¢t al, 2003), measurement of infec-
tivity in these studies used the detection of mRNA as an
indicator.

As a control, we also evaluated the infectivify kinetics using
CPV (1/10 v/v), followed by liquid-heat treatment at 60°C for
10 h. Infectivity in this study was assayed according to Yunoki
et al (2003) with the appearance of cytopathic effects as an
indicator.

Results

The anti-B19 IgG antibody titre in heat/PEG-treated IVIG by
parvovirus B19 IgG enzyme immunoassay was (mean * stand-
ard deviation, SD) 155-3 * 57 IU/ml in those derived from
Japanese plasmas collected in Japan and 255-8 £+ 29-2 IU/ml in
those from the US plasmas. In other words, anti-B19 IgG was
present in all the lots tested and distribution of antibody titre was

Table I. Neutralization of parvovirus B19 heat/polyethylene glycol
(PEG)-treated intravenous immunoglobulin (IVIG).

Total IgG/ Total B19 DNA B19 DNA
Dilution reaction antibody (9-7 log (87 log
(fold) (ug) titre (IU) copies) copies)
1 4500 14-97 - -
3 1500 4-99 - -
9 500 1-66 - -
27 170 0-55 + -
81 60 0-18 + -

+, Infectious to KUB12 cells; —, non-infectious to KU812 cells.

Table II. Effect on filtration ability of 35 nm Planova filter by the
difference in reaction method with antibody.

Method 1 Method 2
Before filtration 13-3* 11-5*
After filtration 85" 10-9%
LRF 48 06

Method 1, Bl9-antibody complex was added to heat/PEG-treated
VIG.

Method 2, B19 was added to heat/PEG-treated IVIG.

LRF, log reduction factor.

*Log copies of B19 DNA.

402 © 2004 Blackwell Publishing Ltd, 8ritish Journal of Haematology, 128, 401-404

222

““hl/



2 &\ =
1 _.__‘_X;_ﬁ_. Oetection limit

0'—1_—'—7——\

0 1 2 3 (n

14 Detection limit

T T T T T T L T

7 8 9 10(h

=
=1
[\
©
F-N
w
-]

Fig 1. Viral inactivation kinetics in heat/polyethylene glycol (PEG)-
treated intravenous immunoglobulin (IVIG) {B19 and canine parvo-
virus (CPV)] or stabilizer (B19): (A) Three different B19 samples de-
tived from B19 DNA-positive plasmas P2 (4), P3 (A) and P4 (M) were
added to the sample immediately before heat treatment of heat/PEG-
treated IVIG, prepared from anti-B19 [gG-free plasma, and liquid-heat
treated at 60°C for 2 h (solid line). In all cases, B19 was inactivated to
below detection limits within 2 h of the treatment. The sample treated
similarly at 37°C was used as a control (broken line). (B) B19 sample
derived from B19 DNA-positive plasma was added to the stabilizer
used in the heat treatment alone and then heat treated at 60°C
(@, solid line). The sample treated similarly at 37°C was used as a
control (broken line). When evaluated in stabilizer alone, B19 was
inactivated within 15 min of the treatment to below detection limits.
{C) Different infectious titres of CPY was added to the sample
immediately before heat treatment of heat/PEG-treated IVIG, and li-
quid-heat treated at 60°C for 10 h (spike 1 (#), spike 2 (&) and spike 3
(). In each case, CPV was slowly inactivated for 10 h.

© 2004 Blackwell Pubiishing Ltd, British Journal of Haematology, 128, 401-404
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not so wide. Although the data were obtained from only one lot,
it was confirmed that heat/PEG-treated IVIG showed a neutral-
izing activity to inhibit B19 infection (Table I). In the study
using the Planova filter with pore size of 35 nm, 4 logs or greater
reduction of Bi9 virus was achieved when the sample was
prepared by mixing antigen-positive plasma with antibody-
positive plasma and leaving the mixture overnight. However, the
B19 antigen-positive plasma sample showed no marked reduc-
tion. The result indicates that B19 may be too small to be
removed by 35 nm Planova filtration if the virus exists by itself
(Table II), suggesting that filtration of B19 with the Planova
filter could have an effect on the conditions before the filtration.

The study using the sample collected in the process
immediately before heat treatment, which was prepared from
anti-B19 IgG-free plasma, showed that B19 was rapidly
inactivated to below detection limits at 60°C (Fig 1A). This
inactivation pattern was reproduced in all of the different B19-
positive plasmas; therefore, we concluded that B19 was very
easily inactivated, at least under these conditions. Similar rapid
inactivation was observed in the heat treatment with the
stabilizer (33% sorbitol} alone (Fig 1B). The study using CPV,
the model virus of B19, showed that CPV was. slowly
inactivated with a considerably different pattern from B19
(Fig 1C).

Discussion

There have been several reports regarding B19 seroconversion
after the administration of plasma derivatives. Blumel et al
(2002b) closely investigated the genome similarity between the
B19 obtained from the patients having received plasma
fractionation preparations that had undergone vapour heat
treatment (60°C for 10 h and 80°C for 1 h) or dry heat
treatment (80°C for 72 h) and the B19 obtained from these
preparations. They concluded that these inactivation treat-
ments were not complete in inactivation of B19 (Bliimel et al,
2002b). In addition, Hayakawa et al (2002) inferred that there
could be a causal association between heat/PEG-treated IVIG
subjected to liquid-heat treatment (60°C for 10 h) and B19
infection.

The heat treatment conditions used in these plasma
derivatives differ from preparation to preparation and accord-
ingly, the inactivation ability over B19 could differ greatly.
Therefore, it is necessary to consider the ability to inactivate/
remove B19 in each manufacturing process, when evaluating a
causal association with B19 infection. However, as no
technique using the infectivity of B19 as an indicator has been
established to assess the risk of B19 infection that may be
caused by plasma derivatives, virus inactivation ability of the
heat treatment processes has been evaluated using model
viruses such as CPV and PPV. Recently, we showed that B19
was heat sensitive under the liquid-heat treatment conditions
employed in the manufacture of albumin preparation,
although B19 was rather stable to the heat treatment condi-
tions in 60% sucrose at 60°C for 1 h (Yunoki et al, 2003). In
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the present report, we have evaluated the heat sensitivity of
B19 under the liquid-heat treatment conditions used in the
commercial production of heat/PEG-treated IVIG. As yet, it is
not clear why 60% sucrose can protect B19 infectivity, at least
for 1 h heating at 60°C.

Recently, Yokoyama et al (2004) reported that B19 formed
aggregations in a solution containing amino acids such as
glycine and therefore the aggregation couid be removed by
35 nm filter. We are currently investigating how B19 and
antibody, as well as B19 and sorbitol bind to each other.

The results of the clearance studies using multiple model
viruses suggested the robustness of the manufacturing proces-
ses of heat/PEG-treated IVIG by inactivation and/or removal
of viruses (data not shown). Further, this study confirmed that
the liquid-heating step (60°C for 10 h) rapidly inactivated B19.
Based on these findings, we propose that heat/PEG-treated
IVIG could be safe for B19 for the following reasons: (i)
robustness against virus contamination offered by its manu-
facturing process demonstrated in virus clearance studies; (ii)
B19 inactivation process at 60°C for 10 h; and (iii) presence of
neutralization antibodies in the final preparation.

Finally, we have not yet ascertained why one patient
developed an infection after the administration of an
immunoglobulin preparation that had undergone virus
inactivation/removal treatment and contained anti-B19 IgG.
One explanation at this point in time would be  the
possibility that the patient might have a history of previous
B19 infection and the treatment, including administration of
immunoglobulin, might have triggered reactivation of the
B19 or antibody-dependent enhancement, as found in other
viruses (Bloom et al, 2001; Takeda et al, 2003), although we
do not know whether such latter possibilities can also occur

in vivo.
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