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Abstract

Background: In the United States, hepatitis C virus (HCV) infection is most
prevalent among adults born from 1945 through 1965, and approximately 50% to
75% of infected adults are unaware of their infections.

Objective: To estimate the cost-effectiveness of birth-cohort screening.
Design: Cost-effectiveness simulation.

Data Sources: National Health and Nutrition Examination Survey, U.S. Census,
Medicare reimbursement schedule, published sources.

Target Population: Adults born from 1945 through 1965 with 1 or more visits to a
primary care provider annuatly.

Time Horizon: Lifetime.
Perspective: Societal, health care.
Interventions: One-time antibody test of 1945-1965 birth cohort.

Outcome Measures: Numbers of cases that were identified and treated and that
achieved a sustained viral response; liver disease and death from HCV; medical
and productivity costs; quality-adjusted life-years (QALYs); incremental cost-
effectiveness ratio (JCER). )

Results of Base-Case Analysis: Compared with the status quo, birth-cohort
screening identified 808 580 additional cases of chronic HCV infection at a
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sCreening cost of $2874 per case identified. Assuming that birth-cohort screening
was followed by pegylated interferon (pegifFN+R) and ribavirin for treated patients,
screening increased QALYs by 348 800 and costs by $5.5 billion, for an ICER of
$15 700 per QALY gained. Assuming that birth-cohort screening was followed by
a direct-acting antiviral, pegIFN+R treatment for treated patients, screening
increased QALYs by 532 200 and costs by $19.0 billion, for an ICER of $35 700
per QALY saved.

Results "of Sensitivity Analysis: The ICER of birth-cohort screening was most
sensitive to sustained viral response rate of antiviral therapy, the cost of therapy,
the discount rate and the QALY losses assigned to disease states.

Limitation: Empirical data on screening and direct-acting antiviral treatment in
real-world clinical settings are scarce.

Conclusion: Birth-cohort screening for HCV in primary care settings was cost—
effective. '

Primary Funding Source: Division of Viral Hepatitis, Centers for Disease Control
and Prevention. ’

Editors' Notes
Context

e Most people in the United States infected with hepatitis C virus (HCV)
were born from 1945 through 1965 and are currently undiagnosed.
Because complications of hepatitis C increase with time, its burden is
now rapidly increasing.

Contribution

o In simulated models, an approach of one-time screening for hepatitis
C in this birth cohort foitowed by treatment with currently available
therapies was cost—effective.

Caution

‘e Data on the real-world effectiveness of newer drugs for hepatitis C is
extremely limited.

Implication

o Achange from solely risk-based screening for hepatitis C to one-time
screening of all “baby boomers” should be considered.

Approximately 4.1 million Americans are antipody—positive for hepatitis C virus
(HCV), and approximately 75% of these are chronically infected; most of the latter
were infected 20 to 40 years ago, before the discovery of HCV (1). In 2005,
hepatitis C resuited in 7000 to 13 000 deaths (2-7). Because HCV progresses
slowly, the risk for serious complications is increasing among infected Americans
as time passes (8). Without changes In current case identification and treatment, -
deaths from HCV are forecasted to increase to 35 000 annually by 2030 (5).
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In clinical trials, antiviral therapy with pegylated interferon and ribavirin
(peglFN+R) has resulted in a sustained viral response (SVR; that is, cure) of HCV
infection in 46% of patients infected with genotype 1 (which infects 70% and 90%
of chronically infected white and African-American persons in the United States,
respectively) and as many as 81% of those infected with genotypes 2 or 3 (9, 10).
PeglFN+R treatment is cost-effective at these rates of efficacy (11).

The Centers for Disease Control and Prevention currently recommends antibody
screening of individuals with past behaviors, exposures, or health indicators
associated with HCV infection, such as a history of injection-drug use,
hemodialysis, or elevated alanine aminotransferase levels (12). Despite these
recommendations, only 25% to 50% of patients with chronic hepatitis C are aware
of their infections (12-16). Low case identification may result from difficulty in
implementing risk-based screening given the limited time of primary care visits
and the awkwardness of discussing behavioral risks.

Expanding screening recommendations to cover the birth cohort born from 1945
through 1965 (among whom HCV prevalence is highest) offers a potential
complement to current risk-based screening recommendations. However,
although birth-cohort screening would increase healthcare costs by increasing the
number of individuals screened, the extent to which it would translate into health
benefits is unknown. Currently, many diagnosed patients forgo treatment because
of contraindications, inability to pay, lack of specialist access, or personal choice
{17-20). Further, the effectiveness of antiviral therapy in community settings is
fower than in clinical trials (17, 21-23).

In this paper, we used a previously validated simulation model to estimate the
cost-effectiveness of birth-cohort screening for HCV in the United States (6). Our
results can be used to inform ongoing discussions about the suitability of a birth-
cohort screening strategy as policy recommendation.

Methods

Decision Analytic Model

We programmed (Microsoft Visual Studio 2008, Redmond, Washington) a Markov
chain Monte Carlo simulation mode! of the prevalence of hepatitis C antibody
stratified by age, sex, race/ethnicity, and history of injection-drug use and of the
natural history of chronic hepatitis C. A more thorough description of the disease
components of the model is provided elsewhere (5). Briefly, we modeled chronic
HCV infection based on Meta-Analysis of Histologic Data in Viral Hepatitis
(METAVIR) scale units (24). We stratified annual disease progression by age at
infection, sex, and alcohol consumption history and determined disease
progression at mode! initiation by using historical HCV incidence data and
published observations of annual progression in METAVIR units (Table 1) (2, 25).
Patients who progressed to a METAVIR score of 4 were classified as having
cirrhosis and experienced subsequent annual probability of 0.039 for progressing
to decompensated cirrhosis (DCC) and a probability of 0.025 for developing
hepatocelfular carcinoma (HCC) (3, 26). Patients with DCC or HCC experienced an
annual probability of transplantation or death (27-29). Data reported in Tahle 1
were obtained from multiple sources (30-48).
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Model Cohorts

We modeled the U.S. population that was born from 1945 through 1965 and had
at least 1 primary care visit in 2006. Using data from the National Health and
Nutrition Examination Survey (NHANES, for 2001 through 2006), we divided this
population into 40 mutually exclusive groups stratified by age group,
race/ethnicity, history of injection-drug use, and prescription drug coverage (49).
We further stratified these cohorts into those with and those without antibody to
HCV and divided those with antibodies into those with chronic (75%} and those
with cleared (25%) infections (8, 49). We estimated that 28% of chronically infected
patients were already aware of their infection and would not benefit from
additional screening (13~16),

. Background Mortality

We used census life tables to calculate the annual probability of mortality from
nonhepatic causes (50). We multiplied this background mortality probability by
1.42 for people age 40 years or older who reported ever injecting drugs. The
relative risk for death was equal to a weighted average of the relative risk for death
of inactive users (assumed to be 1.00) and the relative risk among active users; the
relative risk was weighted by the proportion of people who admitted ever injecting
drugs in the NHANES who did and did not report use within the past 12 months
(49, 51). :

Screening and Treatment Scenarios

We simulated 4 scenarios: 1) no screening or treatment; 2) risk-based screening,
in which 18.5% (1% per year over the next 20 years) of individuals unaware of their
chronic infection were screened and offered peglFN+R treatment if identified; 3)
birth-cohort screening in which all people born from 1945 through 1965 and
unaware of their HCV antibody status were offered one-time HCV antibody
screening during their 2006 primary care visit, then offered peglFN+R treatment if
identified; and 4) an identical birth-cohort screening scenario in which a) patients
with genotype 1 disease who initiated treatment received direct-acting antiviral
treatment (DAA) in addition to standard therapy and b) patients with genotypes 2

" and 3 received pegIFN+R. Screening occurred once to identify prevalent cases. We

did not consider repeated screenings because birth-cohort screening is not a
useful strategy to prevent HCV incidence.

Screening, Contraindication, and Antiviral Initiation

We assumed that 91% of those offered screening would accept it, that 90% of those
who tested positive would receive those results, and that all patients with
prescription drug insurance coverage (87.6%) and no patients without prescription
coverage would be considered for treatment (30, 49). We estimated that 23.1% of
patients considered for treatment were contraindicated for modifiable reasons
(such as substance abuse or major depression), 11.5% were contraindicated for
nonmodifiable reasons (such as uncontrolled diabetes or autoimmune disorders),
and 8.5% declined treatment (20, 31). After adjustment for these barriers, 40.8% of

positive patients offered testing accepted, were identified, and initiated treatment.

Effectiveness of Autiviral Therapy
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We set SVR rates for standard therapy to the average of that reported in 4 studies
of antiviral therapy administered in primary care settings, vielding an SVR rate of
0.33 for genotypes 1/4 and 0.69 for genotypes 2/3 (17, 22, 43, 52). We set the
SVR rate for DAA plus standard therapy to 0.54, a value equal to the ratio of the
average SVR rate of standard therapy (0.33) divided by the SVR of standard therapy
observed in clinical trials (0.46) multiplied by the SVR rate observed for 12-week
DAA plus peglFN+R in clinical trial data (0.75) (32).

Other Treatment

Diagnosed patients with insurance who did not undergo antiviral therapy or
achieve an SVR received clinical management described in the Cleveland Clinic
Monograph (39) or the American Association for the Study of Liver Diseases
guidelines (40). Patients who achieved an SVR also received care in subsequent
years. Clinical management other than antiviral therapy increased costs but did not
result in any modeled benefit.

Medical Costs

We estimated screening costs from data provided by a federally qualified health
center that conducted routine hepatitis B screening of at-risk patients, replacing
the reimbursement costs for hepatitis B antigen testing with the costs of a
hepatitis C antibody testing (38). We estimated the costs of standard antiviral
therapy as the sum of the average monthly cost of peglfN+R observed in the
Kaiser Health System of Georgia in 2009 multiplied by the estimated months of
therapeutic adherence observed in the control group of a published therapy-
discontinuation study (43, 53). To these costs, we added the estirnated monthly
outpatient and laboratory costs of treatment as outlined in the Cleveland Clinic
Monograph (39). We estimated the costs of adding DAA to standard treatment ~
based on costs and response-based treatment algorithms obtained through
personal communication (see the technical report available at
www.norc.org/PDFs/Cost-effectiveness%200f%208C%20Screening%20Technical%
20Report_v7.pdf). We estimated the costs of clinical services used to treat patients
in each disease stage by converting the procedures associated with each disease
stage outlined in medical guidelines into their corresponding procedure codes. We
assigned reimbursement costs to codes based on the Medicare fee schedule (39-.
42).

Productivity Losses

We estimated hours of productivity losses associated with the antiviral therapy by
multiplying the number of hours per week lost during therapy estimated by 1
source by the discontinuation of therapy distribution (in weeks) observed in a
second study {54, 55). We multiplied weeks of productivity losses by the median
weekly wages obtained from the U.S. Bureau of Labor Statistics, adjusted by age
and sex (56). We also estimated productivity losses from end-stage liver disease.

Utility Losses

Persons without hepatitis C experienced a background QALY that decreased as
patients aged to account for the prevalence of other health conditions (57). For
people with HCV, we collected utility fosses from 5 empirical studies for 7 hepatitis

IN€ LOST-CITECUVENESS OT BItN—UOoNOIT dcreening Tor Hepattis U Antibody i U.S....6/ 16 ~N—1/

C disease states: SVR, METAVIR 0 to T, METAVIR 2 to 3, compensated cirrhosis,
DCC, HCC, and post-fiver transplantation cirrhosis (58~62). We standardized
results for each study by dividing the observed QALY value for each HCV state by
the QALY value for the no HCV state. We multiplied the mean of the standardized
values for each HCV state by the background QALY of the patient with disease. For
patients undergoing antiviral therapy, we again multiplied the patient's QALY value
by 0.0.88 for patients with genotype 1 and by 0.97 for patients with genotype 2
(26).

Simulation, Outcomes, and Sensitivity Analysis

We estimated medical outcomes, costs, and QALYs associated with each scenario,
accounting for uncertainty in each of the model's key parameters, We simulated
each scenario 1000 times, holding prevalence constant and using 1 of 1000 sets
of parameters, wherein each parameter was selected randomly from its
distribution. We report the mean of the simulated values for the overall population
outcomes and the mean and the empirical 95% credible interval for per person
costs and QALYs. We used these values to calculate the incremental cost-
effectiveness ratios (ICER) and their credible intervals of the birth-cohort screening
scenario compared with the baseline risk-based scenario. The ICER was calculated
as the incremental difference in medical cost between 2 scenarios divided by the
incremental difference in QALYs. . .

We tested the sensitivity of the ICER of birth-cohort screening with standard
treatment compared to risk-based (status quo) screening to univariate differences
in QALY losses, the discount rate, the probability of an SVR for genotype 1 and
genotypes 2 and 3 of disease, the proportion of virus that is genotype 1, the cost
of screening, and the costs of standard treatment. We tested the sensitivity of the

. !CER of birth-cohort screening with DAA plus standard treatment compared to

standard treatment alone to univariate differences in the costs and effectiveness of
treatment.

We calculated cost-effectiveness acceptability curves for willingness—-to-pay (WTP)
values per QALY gained ranging from $0 to $100 000 by calculating the
probability that each scenario had the greatest net benefit {and thus was the most
cost-effective) at each WTP value.

Role of the Funding Source

This research was funded by the Centers for Disease Contro! and Prevention's
Division of Viral Hepatitis, which employed 4 authors (BDS, NP, JWW, and CMW)
who participated in conceptualization, review, and revisions.

Results

.................................. Rt T P PP

We estimated that 66.9 million Americans born from 1945 through 1965 visited a
primary care provider at least 1 time in 2006. Of these, 2.4 miilion were antibody-
positive for HCV, 1.9 million were chranically infected, and 1.2 million were
chronically infected and unaware of their status (Table 2). With no screening, we
estimated that 618,000.birth-cohort members would develop DCC or HCC and die
of hepatitis. Under risk-based screening, 14.8 million persons received antibody
screening, 135 000 were treated, and 53 000 achieved an SVR. Under risk-based
screening, 592 000 birth-cohort members developed DCC or HCC and died of
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hepatitis C.

Under birth-cohort screening with standard treatment, 60.4 mitlion persons
received antibody testing, 1 070 840 new cases were identified, 552 000 patients
were treated, 229 000 patients achieved an SVR, and the number of deaths from
HCV was reduced to 509 000 (a decrease of 82 000 deaths compared with risk-
based screening). Birth—cohort screening increased QALYs by 349 000, medical
costs by $5.5 billion, and productivity losses by $6.9 billion.

Birth-cohort screening with DAA pius standard treatment increased screening,
cases identified, and individuals treated by the same amount as did birth-cohort
screening with standard treatment, but (compared with risk-based screening)
‘increased the number of patients achieving an SVR by 311 000 and reduced the
number of deaths from HCV te 470 000 (a reduction of 121 000 deaths compared
with risk-based screening). Compared with risk-based screening, birth~cohort
screening increased QALYs by 532 000, medical costs by $19.0 billion, and
productivity losses due to therapy by $6.7 billion. Productivity losses were not
used to calculate ICER values.

The ICER of birth-cohort screening with standard treatment was $15 700 per QALY
saved compared with risk-based treatment (Table 3). The ICER of birth-cohort
screening with DAA pius standard treatment was $32 000 per QALY saved
compared with no screening, $35 700 per QALY saved compared with risk-based
screening, and $73 700 per QALY saved compared with birth-cohort screening
with standard treatment. When we considered only the incremental costs of
screening, we estimated a cost of $2874 per new case of HCV identified.

The ICER of birth-cohort screening with standard treatment compared with risk-
based screening was most sensitive to the inclusion of QALY losses from disease
states before fiver disease, the discount rate, and the probability of an SVR given
genotype 1 disease. For this comparisan, we estimated an ICER of $31 200 per
QALY saved when we assumed no QALY losses from pre-liver disease states,

$28 400 per QALY saved when we assumed a discount rate of 5%, and $20 100 per
QALY saved when we assumed a 0.23 probability of an SVR for those with
genotype 1 disease who initiated treatment (Figure 1).
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Figure 1. Univariate sensitivity of the incremental cost-effectiveness
ratio of birth-cohort screening with standard treatment compared with
risk-based screening assuming pegylated interferon with ribavirin
treatment.

QALY = quality-adjusted .Iifefyear; SVR = sustained viral response.
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When we assumed birth-cohort screening in both scenarios, the ICER of additional
DAA treatment compared with standard treatment alone was $39 600 per QALY
saved when we assumed an SVR probability of 0.70; the ICER was $337 Q00 per
QALY saved when we assumed an SVR probability of 0.38 (data nat shown in
Figure 1). The ICER of additional DAA treatment compared with standard treatment
alone was $19 600 when we assumed the costs were half our baseline value and
was $114 200 when we assumed costs were 50% higher.

We estimated that no screening was the most cost-effective up to a WTP of

$16 000 per QALY gained, birth-cohort screening with standard treatment was the
most cost-effective between a WTP of $16 000 and $75 000 per QALY, and birth-~
cohort screening with DAA and standard treatment was the most cost-effective at
WTP values above that (Figure 2). When we dropped birth-cohort screening with
standard treatment from our analysis and considered only the other 3 scenarios,
no screening was the most cost-effective scenario up to a WTP of $16 000 per
QALY, risk-based screening was most cost-effective between $16 000 and

$36 000 per QALY, and birth-cohort screening with DAA plus standard treatment
was most cost-effective at WTP values of $36 000 per QALY saved and higher.
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Figure 2. Cost-effectiveness acceptability curve: probability that each
sCreening scenario is the most cost-effective by willingness to pay per
| incremental quality-adjusted life-year gained.

| QALY = quality-adjusted life-year.

D

Without new case identification strategies, the adverse consequences of chronic
HCV infection are forecasted to resuit in an increasing public health burden over
the next 2 decades. Deaths from HCV are forecasted to double to over 18 000 per
year by 2020 and to more than triple to 35 000 per year by 2030 (5). In this article,
we investigated a new case identification strategy of screening those born from V
1945 through 1965 (the birth cohort with the highest HCV prevalence) and
estimated its cost-effectiveness using conservative assumptions about the uptake
and effectiveness of treatment. We found that compared with the current strategy
of risk-based screening, birth-cohort screening followed by standard treatment
reduced deaths by 82 300 at a cost of $15 700 per QALY gained (95% credible
interval, $11 500 to $30 100). Incorporating new DAA treatments would prevent
approximately 121 000 deaths compared with risk-based screening at a cost of
$35 700 per QALY saved (95% credible interval, $28 200 to $47 200).

No universally accepted standard exists to determine what level of cost-
effectiveness is appropriate to justify the implementation of a new strategy.
However, by using the standards outlined by the National Committee on Prevention
Priorities, birth-cohort screening with standard treatment alone when compared
with risk-based screening ranks equivalently to colorectaf cancer screening,
hypertension screening, influenza vaccination of adults age 50 years or older,
pneumococcal vaccination of adults age 65 years or older, and vision screening of
adults age 65 years or older (63). Birth-cohort screening with DAA plus standard
treatment (when compared with risk-based screening) ranks below those
interventions but equivalently to cervical cancer or cholesterol screening {(63).

If fully implemented, birth-cohort screening in primary care would identify

808 580 new cases (85.9% of all undiagnosed cases in the birth cohort, compared
with 21.0% under risk-based screening) at a screening cost of $2874 per new
infection identified. This cost is similar to other estimated costs per new diagnosis
of hepatitis B or C (30, 38). Birth-cohort screening is more costly than screening
based on injection-drug use or elevated alanine aminotransferase levels, but those
strategies probably miss many infected patients. The Centers for Disease Control
and Prevention estimates that screening predicated on elevated alanine
aminotransferase levels would identify less than half of the patients identified via
birth-cohort screening (64). Furthermore, testing based on alanine
aminotransferase elevations is already recommended in the Centers for Disease
Contral and Prevention's 1998 recommendations, but many persons chronically
infected with HCV remain undiagnosed (12).

Our study has some limitations. First, to be conservative, we assumed that patients
without insurance were not offered treatment, although many are currently offered
treatment through compassionate use programs and clinical trial participation.
Further, when the Affordable Care Act is fully implemented, insurance coverage
will be extended to 95% of U.S. residents. Excluding uninsured persons from
treatment limits our analysis by underestimating the aggregate benefits of the
policy but has little effect on the cost-effectiveness. Of note, if birth-cohort
screening received an A- or B-level recommendation from the U.S. Preventive
Services Task Force, payment for screening would be mandated by the Affordable
Care Act for all insurers (65).

Second, our estimates of the costs and the effectiveness of DAA plus standard
treatment were necessarily speculative because clinical implementation data have
yet to be reported. In our baseline analysis, in which we assumed a conservative
probability of SVR (54%), our DAA plus standard results were favorable when
compared directly with risk-based screening and acceptable when compared with
birth-cohort screening with standard care. Future research should replicate this
analysis using the real-world effectiveness and implementation costs of the DAAs
telaprevir and boceprevir.

Third, fibrosis progression among undiagnosed persons is unknown. Our model
capped the possible duration of disease before the start of the model at 20 years,
an assumption that may underestimate disease progression in our population. The
effect of this assumption is to make our screening intervention appear slightly less
cost-effective than if we allowed for a longer possible duration at model initiation.

Fourth, as a simpiification, we assumed that all screening (background and
intervention) occurred in the first modeled year. This results in a slightly less
favorable ICER than would a more realistic structure because it frontloads the costs
of testing and treatment to the present time.

Fifth, our model does not incorporate elevated mortality risks from non-HCV
causes among people with HCV but without past injection-drug use risks. Recent
research indicates that excess mortality among these individuals for both hepatic
and nonhepatic causes may be substantial, and this limitation probably led to a
more favorable ICER (66).

Sixth, the NHANES data used for prevalence included only noninstitutionalized and
nonhomeless populations. The institutionalized and homeless have an elevated
HCV prevalence compared with NHANES respondents (67, 68), but they also have
different competing risks for death and adherence to antiviral therapy. The effect
of this limitation on cost-effectiveness is unknown, so these analyses do not apply
to institutional or homeless settings. Finally, we excluded the benefits of lifestyle
counseling to slow disease progression, as weil any benefits from averting
secondary transmission; this approach led to a less favorable ICER.

We predicted that, compared with the status quo, birth-cohort screening would
identify an additional 808 580 cases of HCV infection and prevent 82 000 HCV-
related deaths, at a cost of $2874 per new case identified and $15 700 per QALY
saved assuming standard treatment and $35 700 per QALY saved assuming DAA
with standard therapy. Birth-cohort screening appears to be a reasonable strategy
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to identify asymptomatic cases of HCV.
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DONOR INFECTIOUS DISEASE TESTING

Blood screening nucleic acid amplification tests for human
immunodeficiency virus Type 1 may require two different
amplification targets

Michael Chudy, Marijke Weber-Schehl, Luiz Pichl, Christine Jork, Julia Kress, Margarethe Heiden,
Markus B. Funk, and C. Micha Niibling

BACKGROUND: Five cases of human immunodefi-
ciencey virus Type 1 (HIV-1) RNA-positive blood dona-
tions are described that escaped detection by three
different CE-marked nucleic acid amplification technique
(NAT) screening assays. These events were associated
with twe HIV-1 transmissions to recipients of blood
components. The implicated NAT assays are monotar-
get assays and amplify in different viral genome regions
(group-specific antigen or long terminal repeat). Investi-
gations into the cause of the false-negative test results
were initiated.

STUDY DESIGN AND METHODS: Plasma specimens
of the five NAT faise-negative cases were compara-
tively investigated in 12 CE-marked HIV-1 NAT systems
of differing design. The relative amplification efficiency
for the HIV-1 variant was determined for each assay.
Sequencing of the variants in the region targeted by
each false-negative NAT assay allowed comparison
with the respective primers and probes.

RESULTS: Some of the NAT assays designed in a
similar way to false-negative monotarget NATs also
revealed deficiencies in detecting the viral variants. In
each case sequencing of the assay target region in the
varlants demonstrated mismatches with primers and
probes used by the assays. Some dual-target assays
showed decreased amplification efficiency, but not
false-negative results. '
CONCLUSION: HIV is characterized by its rapid evolu-
tion of new viral \/ariants. The evolution of new
sequences is unpredictable; NAT screening assays with
a single target region appear to be more vulnerable to
sequence variations than duai-iarget assays. Based on
this experience with faise-negative tests resuits by
monotarget NAT assays, the Paul-Ehrlich-Institut is con-
sidering requesting dual-target NAT assays for HIV-1
blood donation screening in Germany.

he most recent report of the Joint United

Nations Program on HIV/AIDS (UNAIDS) and

the World Health Organization (WHO) calcu-

lated that there were 33.4 million human immu-
nodeficiency virus (HIV)-infected people worldwide by
the end of 2008, with 2.7 million new infections alone in
2008." These data reflect a continuing increase in the
number of people living with HIV. Despite improved
access to antiretroviral therapy in low- and middle-
income countries, it is estimated that 2 million AIDS-
related deaths occurred worldwide in 2008. Compared to
the global HIV situation, Germany is among those coun-
tries with low prevalence and incidence rates in the
general population as well as in blood donors. In
Germany, between 2000 and 2007 the prevalence of
HIV-1 infection in first-time donors was léss than
10 HIV-1-infected donors per 100,000 applicant donors.2
The HIV-1 infection rate (incidence) is also very low
with less than 1 new infection per 100,000 repeat donors
during the same period. Nevertheless, immense efforts
have been made to prevent transfusion-associated
HIV transmissions, including the use of highly devel-
oped technologies for blood screening. When nucleic

ABBREVIATIONS: gag = group-specific antigen; 1D(s) =
individual donation(s); IVD = in vitro diagnostic medical device;
LTR = long terminal repeat; NAT = nucleic acid amplification
technique; PEI = Paul-Ehrlich-Institut; pol= polymerase.
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acid amplification techniques (NAT) became available,
Germany was one of the first countries in the world to

" implement this technology as a mandatory tool for blood_
screening in addition to serologic assays. NAT screening

was introduced for hepatitis C virus (HCV) in 1999 fol-
lowed by HIV-1 in 2004.34 During the introduction of NAT,
commercial assays designed for blood screening were
scarce, and therefore flexible approaches were necessary.
Compromises were made with regard to both test perfor-
mance (e.g., sample pooling) and acceptance of different
validated assay types for blood screening, including
CE-marked diagnostic assays of high sensitivity or
in-house-developed screening assays.® More recently, a
variety of different HIV-1 NATs have become available on
the common market in Europe following the CE marking
process defined by the “in vitro diagnostic medical device
(IVD} Directive.”® In Germany, a minimal individual-
donation (ID) sensitivity of 10,000 international units (IU)
HIV-1 RNA/mL (based on the WHO international standard
for HIV-1 RNA) was defined for HIV-1 NAT used for blood
screening.*” After several years of NAT in Germany the
NAT yield (donations from the diagnostic window phase:
NAT positive, anti-HIV negative) was determined.® From
2004 to 2010, a total of 23 HIV-1 NAT yield cases were
found in more than 31 million NAT-screened donations,
while two HIV-1 transmissions despite NAT were observed
for this period. The first HIV-1 transmission was associ-
ated with a false-negative test result in the routine NAT
assay. The assay targeted a region of the HIV-1 group-
specific antigen (gag) gene and was shown to underesti-
mate the viral load of the HIV-1 variant in this case:® Four
additional cases (Cases 2-5) of nondetection of HIV-1 RNA
by CE-marked assays were reported more recently to
the Paul-Ehrlich-Institut (PEI), one of which resulted in
another virus transmission to a recipient of a blood com-
ponent. In'this study we compare the detection efficien-
cies of different HIV-1 NAT assays for each of these cases
and analyze the underlying HIV-1 sequences targeted by
the assays. The suitability of monotarget NATs for the
screening of strains of HIV is discussed. In our opinion,
these cases demonstrate the need for at least two different
amplification targets in “state-of-the-art” NAT blood
screening systems for HIV-1 Group M.

MATERIALS AND METHODS

Plasma specimens

Samples of the cases, testing falsely negative in
CE-marked NAT assays, were provided to the PEI by the
respective blood collection centers. The cases were num-
bered chronologically from 1 to 5, as reported to the PEL
The viral loads were determined using quantitative HIV-1
NATs. Based on the mean value obtained by different
proficient quantitative assays, replicate plasma samples,
either neat or serially diluted (in pooled negative human

432 TRANSFUSION Volume 52, February 2012

plasma) were subsequently used for comparative
testing of a variety of different HIV-1 NATs. Furthermore, .
sequence analysis of NAT target regions in the viral
genome was performed. An overview of the cases includ-
ing the specimens analyzed is provided in Table 1.

HIV-1 NAT assays used in comparative study
Samples of the five false-negative cases were analyzed in
12 CE-marked NAT assays for HIV-1 RNA detection (six
qualitative, six quantitative assays). The qualitative assays
are CE-marked intended for use in blood screening, while
the quantitative assays have been designed for diagnostic
use, for example, patient monitoring. After validation,
some of the highly sensitive quantitative assays.are also
used in blood screening in Germany. All assays were per-
formed strictly following the instructions for use.

Comparative testing of the five plasma samples was
performed by serial dilution of each of the HIV-1 RNA-
positive specimens, and test results were assessed in
comparison to the sensitivity claimed by the manufac-
turer, All investigations were performed in parallel
with serial dilutions of the weli-characterized PEl HIV-1
RNA reference preparation (3441/04, Subtype B, 80,000
IU/mL) which has been calibrated against the WHO
international standard.” Assay performance characteris-
tics described in the package inserts had to be recon-
firmed using this reference material. Detection efficiency
of individual assays for Cases 1 through 5 materials was
determined by assessment of the obtained test results
(expressed as [U/mL, Ct values, sample-to-cutoff values,
or relative light units) in comparison to the results
obtained with the PEI HIV-1 RNA reference preparation.
Repeat experiments were performed to account for
technology-intrinsic variation of results. Assay results for
Cases 1 through 5 are expressed using symbels in Table 2
‘relative to the reported HIV-1 concentrations (quantita-
tive assays) or to the detection efficiency of qualitative
assays, when compared both to the 95% limit of detec-
tion claimed in the instructions for use, and to the per-
formarice with the PEI reference material. In Table 2 we
used the following assessment scheme to report NAT
assay efficiency: no detection, highly reduced detection
(by a factor of >10), moderately reduced detection (by a
factor of <10), and consistent detection.

Twelve CE-marked HIV-1 NAT assays were included
as follows.

1. CAP CTM vl: COBAS AmpliPrep/COBAS TagMan
HIV-1 Test (quantitative; Roche Molecular Systems,
Pleasanton, CA).

2. HPS CTM vl: HPS viral nucleic acid kit/COBAS
TagMan HIV-1 Test (quantitative; Roche Molecular
Systems).

3. CASv1.5: COBAS AmpliScreen HIV-1 Test, Version 1.5
(qualitative; Roche Molecular Systems).
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4. CAM v1.5: COBAS Amplicor HIV-1 Monitor Test,
‘Version 1.5 (quantitative; Roche Molecular Systems).

5. cobas TaqScreen MPX Test for use with cobas
§201 systern (qualitative; Roche Molecular Systems).

6. VSPK vl.l: Virus Screening PCR Kit, Version 1.1
(qualitative; GFE Blut mbH, Frankfurt, Germany).

7. artus: artus HIV-1 RG RT-PCR Kit (quantitative;
Qiagen GmbH, Hilden, Germany).

8. DRK: DRK HIV-1 PCR kit (qualitative; DRK BSD Baden
Wiirttemberg-Hessen, Frankfurt, Germany).

9. Abbott RT: Abbott RealTime HIV-1 assay (quanti-
tative; Abbott Molecular, Des Plaines, IL).

10. VSPK v1.2: Virus Screening PCR Kit, Version 1.2
(qualitative; GFE Blut mbH)

11. CAP CTM v2: COBAS AmpliPrep/COBAS TagMan
HIV-1 Test, Version 2.0 (quantitative; Roche Molecular
Systems).

12. Ultrio Plus: Procleix Ultrio Plus Assay (qualitative;
Gen-Probe, San Diego, CA). )

The CAM v1.5 assay is regarded as representative for
the related Amplicor HIV-1 Monitor Test Version 1.5 and
COBAS AmpliPrep/ COBAS Amplicor HIV-1 Monitor Test,
Version 1.5 because of the common amplification module;

concerning the frequency of mismatches and their rela-
tive position for several of the assays studied.

RESULTS

Different German bloodvestablishments have recently
reported five cases of HIV-1 RNA-positive blood dona-
tions missed by NAT screening. The five donors (all male}

- had not reported any HIV risk factors in the routine eligi-

bility screening questionnaire. The NAT assays concerned
were three different CE-marked screening tests (CAP CTM
Version 1, CTS MPX, and VSPK Version 1.1) from two
manufacturers (Roche Molecular Systems and GFE Blut
mbH). Two of these cases resulted in HIV transmission to
the recipients by transfusion of the corresponding red
blood cells {RBCs).

The five cases were missed by the routine NAT assay .
despite viral RNA at a concentration level estimated to be
sufficient for detection by the NAT screening system in
place (Table 1). Samples from these cases were investi-
gated using a variety of different HIV-1 NAT assays. The
results are summarized in a semiquantitative manner
describing the relative detection efficiency of the assays

HIV screening resulls

seroconversion; WP = window period.

=53 . : : (Table 2).
v the Ultrio Plus assay ?s regar'ded as fepresentauve for the Sequence analysis of the LTR target region was per-
< 8 related assay Procleix Ultrio sharing the same HIV-1 f d (Fi There is hi
K i i ; ormed for the cases concerned (Fig. 1). There is high
g « 8 amplification. homology b f pri d probes-used
[ » Bl omology between sequences of primers and probes-use:
5 : in NAT assays and the prototype HXB2 sequence. When
compared with the HIV-1 prototype HXB2, the sequence

Screening NAT
CAP CTM v1
CAP CTM v1
CTS MPX

CTS MPX

VSPK v1.1

VSPK v11

VSPK vi.1

positive; RD = repeat donor; SC

CAS CAM ~
vi.5 v1.5
gag gag

V)=

TABLE 1. Summary of HiV-1 NAT nondetection cases
test version Version 1 has been withdrawn by the manufaclyrar.

vi

HPS CTM
g9ag

Donation dates
January 2007
April 2007
July 2007
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May 2009
August 2009
July 2010
March 2010
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October 2010
negative; pos

June 2010
TABLE 2. Comparative testing of CE-marked Hiv-1 NAT systems using Cases 1-5
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(wd)
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Sequence analysis

Viral RNA was extracted from 500 pL of plasma using the
QlAamp DSP virus kit (Qiagen); amplicons of the 5'-long
terminal repeat (LTR) were generated by cDNA synthesis
and nested PCR using the outer antisense primer
LTR-oal (5-TAATACCGCTCTCGCACC-3') and outer sense
primer LTR-osl (5'-CTTTTTGCCTGTACTGGGTCTC-3").
For the nested PCR procedure, the primers LTR-isl {5'-
CTGGGAGCTCTCTGGCTAACTA-3) combined with LTR-
ial (5-TCCTTCTAGCCTCCGCTAGTC-3") were used as
sense or antisense primers, respectively. Direct sequenc-
ing of the amplification products was performed on both
strands using a cycle sequencing kit (BigDye Terminator
Version 3.1, Applied Biosystems, Foster City, CA) on a

genetic analyzer (ABI 3730x, Applied Biosystems). For all '

amplification and sequencing reactions the PEI HIV-1
RNA reference preparation (3441/04, Subtype B, 80,000
IU/mL) was analyzed in parallel as a positive control and
to control for potential contamination.

Sequences representing 243 bp of the 5’-LTR region
(Nucleotides 483-725) were aligned and compared with
the corresponding sequence of the HIV-1 prototype HBX2
{Accession Number K03455). This part of the 5°-LTR region
covers the target region of the VSPK, artus, and CTS MPX
assays. Although we do not disclose the primer-probe
sequences used in the different assays, data are reported

434 TRANSFUSION Volume 52, Febsuary 2012

of the PEI HIV-1 RNA reference preparation exhibits five
nucleotide changes in this in the part of the LTR analyzed -
(Nucleotides 483-725);: these changes do not affect the
efficiencies of the different NAT assays studied.

Case 1

Some details of the first case have already been pub-
lished.? In April 2007, a male repeat donor was found to be
anti-HIV-1 positive and HIV-1 NAT negative (CAP CTM v1,
minipool and ID). The previous donation from January
2007 tested negative both by the serologic and the NAT
assay (CAP CTM vl, pool of 96). The RBCs from the
January donation infected the recipient with HIV-1, which
was confirmed by molecular analysis. Retrospectively, it
was shown that the CAP CTM vl assay underquantified
the HIV variant in both the donor and the recipient
samples by a factor of up to 100.

Comparative tests

Performance of different NAT assays with the follow-up
plasma from the April 2007 donation (650 IU HIV-1 RNA/
mlL,; artus) confirmed the underquantitation performed by
the CAP CTM v1 assay and the closely related HPS CTM v1
assay. Spurred on by reports of underquantitation for
the CAP CTM v1, the manufacturer brought out a new
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HXB2 483 CTGGEAGCTCTCTGGCTAACTAGGCARCCCACTGCTTAAGCCTCAATAARGCTTGCCTTG 542 tive test results with several other HIV-1
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Fig. 1. Alignment of HIV-1 LTR sequences. Alignment of partial 5'LTR sequénces

analogous to the Case 1 HIV-1 variant.

(nucleotides 483-725) derived from amplified genomes of the “PEI HIV-1 RNA refer-

ence preparation” (¥3441/04; subtype B}, ples from d

fon Cases3-5and Case 3

the HIV-1 prototype HXB2 {accession number K03455). Dashes represent homology. . [n July 2010 an HIV-1 seroconversion

Differences are shown by the appropriate base letter or points (deletion). The align-
agapofls leotides (693-707) for the 3’ part of the Case 3

mentr

sequence (see characters in italic).

version of the assay (CAP CIM v2) by incorporating a
second target region, that is, the LTR, in addition to the gag
region already amplified in the assay.%1! Although detec-
tion and quantification of Case 1 samples was clearly
improved with the new version of the assay, its efficiency
was still lower than that of other quantitative assays and is
most probably due to the continued failure of the gag
amplification by the improved assay.

Several qualitative or quantitative assays, when inves-
tigated with serial dilutions of the viremic plasma, showed
no evidence of underestimation of this HIV variant,
including the CAS v1.5 and CAM v1.5 assays as related
monotarget gag amplification systems, when compared
with the CAP CTM v1 assay.

Sequence analysis

Sequence analysis of the gag region of the HIV variant and
alignment with primer and probe sequences used in the
CAP CTM vl assay has already been published.® It revealed
three mismatches (one with the probe and two with the
antisense primer). Subsequently, the mismatch at Position
-3 at the 3’ end of the antisense primer was shown to be
responsible for the underquantitation of both this and a
series of related HIV-1 varjants (e.g., Case 2) by the impli-
cated Roche CTM vl assays (CAP CTM v1, HPS CTM v1).

Case 2

In October 2007 a repeat donor was tested positive for
anti-HIV-1/2 but was negative by NAT screening (CAP
CTM vl, pool of 96). Further investigations revealed posi-

was observed in a repeat blood donor
whose HIV-1-positive status became
obvious by a reactive test result in the
HIV antigen and antibody combination
assay confirmed in Western blot analysis (index dona-
tion). Furthermore, a reactive test result was obtained in
the minipool (pool size of 96) with the multiplex PCR test
system VSPK vl.1, which had been introduced as the
routine NAT screening system at the blood collection site

. in May 2010. A donor-initiated lookback was initiated.

The previous donations by the donor were made in
August and May 2009. These donations tested negative
both in the serologic screening assay and in the previously
used multiplex NAT system, the CTS MPX test. At the time
this multiplex assay for HIV; HCV, and hepatitis B virus
(HBV) had been used for minipools of 96,

However, reinvestigation of the backup samples from
August 2009 resulted in a positive test result in the VSPK
v1.1 assay both in ID-NAT and in a simulated minipool
NAT of 96 donations. With the CTS MPX assay, however,
the respective results were repeatedly negative for both
kinds of sample. The HIV-1 RNA concentration was
20,000 IU/mL.

Backup samples of the previous donation from
May 2009 tested negative in all HIV-1 screening assays.
The data suggest HIV-1 infection of the donor during
summer 2009, with the donor still being in the serologic
window phase at the time of his donation in August
2009. The RBCs of the August 2009 donation were trans-
fused in an 81-year-old male patient resulting in infec-
tion with HIV-1, which was confirmed by serology
and NAT. The August 2009 donor plasma was still held
in quarantine and available for further investigation;
fortunately, the corresponding platelets had not been
transfused.
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Comparative tests

Comparative testing with the August 2009 plasma con-
firmed complete failure of the monotarget LTR assay CTS
MPX, even with the neat plasma. Furthermore, there was
an underquantitation of the viral load observed with the
dual-target CAP CTM v2 (LTR, gag) when compared to the
unmodified, original gag monotarget assay, HPS CTM v1,
or other quantitative assays. This may be explained by
reduced detection efficiency in the dual-target assay with
the failure of one of the target regions (the LTR amplifica-
tion systems may be related in both assays from the
manufacturer, CAP CTM v2 and cobas TaqScreen MPX
Test).

Sequence analysis

Sequence alignment of the LTR region of the Case 3 HIV-1
variant with primer and probes of the cobas TagScreen
MPX test showed good homology with one primer and the
probe; however, it was highly divergent compared to the
second Group M primer used in the test system. By con-
trast, comparison of the LTR from Case 3 with the oligo-
nucleotides used in the VSPK v1.1 or artus assays resulted
in good matches.

Case 4

An anti-HIV-positive test result (anti-HIV-1 enzyme-
linked immunosorbent assay [ELISA] and Western
blot positive) was obtained in a male repeat donor in
October 2010. The screening NAT test VSPK v1.1 per-
formed in pools of 96 was negative for this donation. By
contrast, further analysis of the backup sample revealed
a positive result with another NAT assay of different
design indicating a false-negative test result by the NAT

screening system used at this blood cellection site. The

two previous whole blood donations from June 2010 and
March 2010 gave negative test results in the same routine
serologic and NAT assays used in October 2010. Retesting
with another sensitive NAT of different design (Abbott
RT, shown to be positive with the index donation) did not
detect HIV-1 RNA in the backup samples from June 2010

~and March 2010. The most likely explanation for these

findings is a seroconversion between June and October.

Comparative testing

Comparative testing with the backup sample of the index
donation from October 2610 (200,000 IU/ml) was per-
formed using serial dilutions of the material. The failure of
the monotarget LTR assay VSPK v1.1 assay was confirmed
while the monotarget LTR assay CTS MPX provided posi-
tive results, The sample was underquantified by a factor of
more than 50 by the artus monotarget LTR assay. Although
the dual-target (LTR, polymerase [pol]) qualitative Ultrio
Plus assay detected the sample, a reduced efficiency (by a
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factor of 6) was observed with this assay compared to the
relative detection efficiency of serially diluted PEI refer-
ence materials.

Sequence analysis

The sequence analysis of the LTR region revealed mis- |
matches with one of the primers used in the VSPK v1.1
assay, apparently resulting in the complete failure of the
assay to amplify this HIV-1 variant. Other assays based on
LTR sequences are also affected by the sequence varia-
tions observed in this variant. The artus assay also shows
mismatches with one of its primers, although these are
situated toward the 5’ end of the primer. This presumably
explains the severe rate of underquantitation of the
sample while still showing low residual amplification effi-
ciency. The amplification of this variant by the artus assay
might also be hampered by further mismatches in the
binding region for the second primer.

Relative underestimation was observed for the Ultrio
Plus assay (Table 2). The assay uses both the LTR and the
pol as targets and might be affected by mismatches in
the LTR. Although there are mismatches of this HIV-1
variant with one of the Ultrio LTR primers (J. Linnen,
Gen-Probe, personal communication, 2011), additional
studies (e.g., sequencing of the pol region of the HIV-1
variant) are needed to explain the lower efficiency of the

‘assay. The CTS MPX assay amplifies this variant consis-

tently, a finding substantiated by high homology between
the viral variant and the primer-probe system of this
assay with only a few mismatches at noncritical
positions.

Case 5

The most recent case of a false-negative NAT result is a
first-time blood donor (male, 18 years) who was tested
anti-HIV-1/2 positive by ELISA and confirmatory Western
blotin October 2010. NAT was negative, both in pools of 96
and in ID testing, using the VSPK vi.1 assay. To further
investigate the possibility of an elite controller (i.e., an
untreated HIV-infected individual without measurable
viremia), the specimens were tested using another sensi-
tive NAT assay of different design and shown to be reac-
tive. The plasma from this whole blood donation was.
investigated using the panel of NAT assays. The overail
reactivity pattern with the different assays for Case 5 is
very similar to that obtained with Case 4. Sequence analy-
sis revealed nucleotide changes very similar to. those of
Case 4, leading to the same explanation of differential
reactivity in the different assays. However, there are few
differences between these two related variants, with
changes at three positions in the 243-bp region analyzed
for the different primer-probe target sites of the different
assays (Fig. 1).



DISCUSSION

The five HIV-1-positive blood donors described in this
study, although positive by serologic screening (anti-HIV-
1/2 ELISA), all showed false-negative NAT results in the
respective screening assays (Table 1). The cases concern
four recently seroconverted repeat donors (Cases 1-4) and
one first-time donor with unknown infection history
(Case 5). The cases occurred at different blood collection
sites in Germany, and three different NAT systems from
two manufacturers gave rise to false-negative test results.
Two diagnostic window-phase donations, missed by the
routine screening NAT assay, led to HIV-1 transmission to
the RBC recipients.

For Case 1 the sequence analysis of the NAT target
region (gag) has already been published.® Only a small
number of entries in the public databases matched this
specific sequence. Case 2 is of very similar gag sequence
pattern and appeared at another blood donation centerin
Germany. Both sequence pattern and reactivity in differ-
ent assays were highly similar between these cases con-
firming the urgent need for improvement of the CAP CTM
vl assay and withdrawal of the previous version from
blood screening.

For Cases 3, 4, and 5, we analyzed the viral sequence
of the 5’-LTR region targeted by the different NAT assays by
comparison to the PEI HIV-1 RNA reference material and
to the reference sequence HXB2 (Fig. 1). The three cases
revealed unique sequence patterns not present in public
HIV sequence databases.

The LTR region of the Case 3 HIV-1 varjant differs at
13.6% of positions (33/243) compared to HXB2, with the
lowest level of homology in the 3’ part of this LTR frag-
ment. The low homology is mainly caused by a deletion of
15 nucleotides (Fig. 1, Case 3 sequence in italics). This
deletion was not present in any public HIV sequence
database. The deletion has no obvious inhibitory effect
on the replication of HIV-1 as shown by the transmission
event. Further investigations on this transmission event
included HIV-1 sequence analysis in the index donation
(July 2010) and in the RBC recipient (August 2010, 1 year
after transfusion). Briefly, comparison of different regions
of the HIV-1 genome (5°-LTR, pol) derived from donor
(August 2009, July 2010) and recipient (August 2010)
showed greater than 99.5% nucleotide identity, clustering
with Subtype B sequences (data not shown). These results
confirm the HIV transmission via RBCs from the HIV-
infected blood donor and demonstrate sequence stability
for this HIV variant in both donor and recipient for more
than 1 year.

The HIV-1 variants of Cases 4 and 5 were missed by
the same routine NAT system and furthermore exhibit
similar reactivity in the different NAT assays studied for
detection of this variant. These two variants exhibit a very
similar (although not identical) pattern and rate of nucle-
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otide exchanges in the 5-LTR target region (243 bp) of
the NAT assays analyzed, when compared to reference
sequence HXB2 (differences at 13 [5.3%] or 15 [6.2%) posi-
tions) in Case 4 and Case 5, respectively. These variants
show common patterns, with neighboring nucleotide
exchanges. Several assays target one of the affected
regions potentially explaining why different assays of
related design show reduced efficiency for these two HIV-1
variants.!? ’

Cases 4 and 5 appeared in different blood collection
centers in different regions of Germany. The particular
similarity in the LTR region is not reflected by nucleotide
sequences in env {V3, V4). This region is of much lower
homology between the two HIV-1 variants {data not
shown). Therefore, there is currently no indication for a
common infection source of the two donors.

Even if certain mismatches with primers or probes
were prognosticated for viral variants, the extent of
underquantitation or nondetection to be expected is
often not predictable. While genetic change is inevitable,
and may affect primer and probe regions, the extent to

which viral loads are underestimated or viruses are -

simply not detected is often unpredictable. Although

general rules have been established for the design of”

primers and probes to tolerate mismatches, experimen-
tal studies should be performed to measure the effect of
individual mismatches and mismatch combinations on
assay performance, exactly matching specified assay
conditions. Besides the number and position of mis-
matches, several factors have been shown to contribute
to the effect, including mismatch and primer type, neigh-
boring sequences, and design of the amplification
reaction. '3

Monotarget versus dual-target screening NATs

There are now several actual examples of HIV-1 variants
escaping detection by monotarget NATs targeting differ-

- ent regions of the HIV-1 genome. A recent study from Italy

describes false-negative or underquantified results with
the COBAS AmpliScreen HIV-1 Test, Version 1.5 and
COBAS Amplicor HIV-1 Monitor Test, Version 1.5, which
are monotarget assays.® These assays use gug primers and
probes different from those of the CAP CTM vl and are
affected by different HIV-1 gag variants compared to Cases
1 and 2 described above.*'® Furthermore, the Italian case
also does not seem to affect the gag portion in the dual-
target CAP CTM v2 assay as the published quantitative
data suggest. Therefore, the recent Italian case appears to
be due to different gag sequence variation affecting differ-
ent gag monotarget assays when compared to Cases 1 and
2 of our study. Another recent publication from Germany
described new genetic polymorphisms in the LTR region
affecting a real-time PCR blood-screening test developed
in house.'® Two unrelated HIV-1-positive blood donations
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were missed by NAT, whereas parallel serologic testing was
positive for both donations. The observed LTR sequence
polymorphisms are different from those described in our
study. The implicated in-house assay was subsequently
improved to pick up the LTR polymorphisms. The

CE-marked VSPK v1.1 assay was also modified to detect
the viral variants from Cases 4 and 5 and was replaced by

the new CE-marked assay VSPK v1.2. Modification of
monotarget assays may provide an interim solution to
deal with such deficiencies. However, from a conceptual
point of view the inclusion of a second target region
clearly appears to be the preferable approach long term.

The false-negative results were always obtained with
screening NATs comprising a single amplification system
designed for HIV-1 Group M sequences. The risk of a
false-negative .test results appears to be proportionally
lower with more than one amplification target region in a
screening NAT assay, especially for detection of a highly
variable virus like HIV-1. We recognize that there are
monotarget assays without reported mismatch-based
failure in blood screening; however, evolution of HIV-1
sequence variants appears unpredictable and may there-
fore affect any NAT assay. The frequency of use in blood
screening impacts the probability for the observation of
adverse events for NAT assays. The risk of a false-
negative screening test result may be directly translated
into the risk of HIV-1 transmission by transfusion if the
donor is in the diagnostic window phase at the time of
donation. We show indirect evidence that reactivity of
dual-target assays may be compromised in the case of
failure of one of the targets; nevertheless, a significantly
lower risk is expected for dual-target assays with the a
second amplification system being able to widely com-
pensate for the complete failure of the other component
when affected by an emerging HIV-1 variant. There is
currently no evidence of a dual-target assay missing one
of the cases described in this study or in related reports.
A recent publication describes a transfusion-associated
transmission. despite dual-target HIV-1 NAT."? However,
the authors interpret this incident as being due to the
low HIV-1 RNA concentration during the eclipse period
of early HIV-1 infection. Nondetection of low-level
viremia may still occur with any sensitive NAT system.
This constitutes the nonpreventable residual risk in the
era of NAT. .

The detection failures, due to mismatches in mono-
target HIV-1 NAT assays occurred durihg routine blood
screening in two European countries with low HIV-1 rates
in their blood donor populations. We therefore conclude
from our study and from related cases published recently
that dual (or more)-target HIV-1 Group M NAT assays
should be considered for use in blood screening. We
would define a dual-target assay for HIV-1 Group M
screening NATS as a system where two different amplicons
are generated with different primer sets, with the ampli-
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cons being detected by different probes. It might be of
secondary importance if the different targets are located
within one viral genomic region (e.g., the LTR) or in sepa-
rate regions.

Critical assessment of blood screening

{aboratory data .

In our view, both blood donation testing laboratories and
NAT kit manufacturers should become aware of and regu-
larly examine those test results that are not easily inter-
pretable. Such results should include negative NAT tests
for HIV-1, HCV, or HBV with simultaneous confirmed
positive anti-HIV-1, anti-HCV, or hepatitis B surface
antigen results, respectively. This constellation of diagnos-
tic markers can occur, with higher probabilities for HBV
(29%) and HCV {26%) compared to HIV-1 (11%), as
recently published for US blood donors.”® The review
should include NAT assays of different design, to be in a
position to identify false-negative results in the screening
NAT. The PEI would be able to provide support by per-
forming more extended analysis of discrepant test results,
with the inclusion of a variety of assays (serologic, NAT).
However, the availability of sufficient specimen volumes
of important cases is often an issue. In our experience,
specimens of great scientific value, identified by screening
of blood donations, have often already been destroyed,
after strictly following respective standard operating pro-
cedures, thus preventing follow-up investigations.

Viral sequences used for assay design

The treatment management of HIV patients is often
based on sequence information of the pol (i.e., domains
of protease and reverse transcriptase) and env regions.
The use of these sequences for NAT assay design is
limited. There is an urgent need to share newly identified
virus sequences, particularly in the genomic regions tar-
geted by blood screening NAT assays, for example, by
making these sequences available in public databases.
IVD manufacturers may gain knowledge about emerging
viral sequences with respect to their own assays by inves-
tigating customer complaints. In our experience, indi-
vidual IVD manufacturers are sometimes well aware of
circulating variants potentially causing problems in their
assays. Manufacturers may feel uncomfortable making
this sequence information of viral variants publicly avail-
able. Despite commercial competition, it might be of
mutual benefit to share new sequence data, especially for
those manufacturers using similar viral genome regions
as amplification targets. An IVD-specific sequence data-
base at an independent institution may be helpful both
for the design of new assays and for the surveillance of
existing assays.
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Germany: NAT yield versus breakthrough transmissions.
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Inactivation of hepatitis A variants during heat treatment
(pasteurization) of human serum albumin

Maria R. Farcet, Johanna Kindermann, Jens Modrof, and Thomas R. Kreil

BACKGROUND: Pasteurization of human serum
albumin {HSA) is detailed in the US and European
Pharmacopoeial monographs and therefore a process
that allows for little variation in physiochemical vari-
ables. Nevertheless, differences of up to 3.9 log in
hepatitis A virus (HAV) inactivation by pasteurization
have been reported. Here, the hypothesis that the
chaice of HAV variant used in the pasteurization might
contribute to this inactivation variability is evaluated
experimentally.

STUDY DESIGN AND METHODS: The identity of four
widely used cytopathic variants of the original HAV
HM175 strain was determined by partial sequencing.
These variants were used in pasteurization studies con-
ducted under the principles of good laboratory practice,
for which HAV-spiked HSA of 5 or 25% protein content
was kept at 58 = 1°C for 600 = 10 minutes, and the
virus inactivation was assessed. In addition, data from
previous pasteurization studies were included in the
analysis. :
RESULTS: The four HAV variants could be divided into
two subgroups, with significantly different (p = 0.0001)
virus inactivation by pasteurization (4.7 and 4.8 log vs.
2.3 and 2.6 iog, respectively). Also, the protein concen-
tration of the HSA solution used for pasteurization had
a significant effect on the achieved HAV inactivation,
with reduction factors obtained in 5% HSA significantly
fower than in 25% HSA (p < 0.002).

CONCLUSION: HAV variant and protein concentration
of the HSA solution affect the overall HAV inactivation
that is achieved during pasteurization. As the HAV inac-
tivation capacity should not be overestimated, an HAV
'variant more resistant to heat inactivation should be
used for studies investigating the virat safety profiles of
plasma derivatives.

asteurization of human serum albumin (HSA), a

heat treatment at 60°C for 10 hours, was the first

virus inactivation step included into the manu-

facturing process of a plasma derivative,’ and
inactivation of lipid-enveloped viruses was consequently
shown to be consistently effective. The process has been
defined in both the US and European Pharmacopoeial
monographs for HSA, is well standardized, and allows
little variation in physiochemical variables and added sta-
bilizers. Pasteurization would therefore be expected to
result in similar Jevels of virus reduction, irrespective of
where or by whom the pasteurization study is performed.
However, regulators, that Is, the only party with access
to results from different manufacturers and contract
research organizations (CROs), have indicated that signifi-
cantly different reduction factors of between 3.0 and
6.9 log, that is, differences of approximately 10,000-fold,
of hepatitis A virus (HAV) inactivation by pasteurization
have been reported during the manufacture of HSA.? Simi-
larly, publications of HAV pasteurization studies reported
reduction values that differed by more than 4 log, that is,
more than 10,000-fold, yet given that different products
and different methods of HAV detection were used,*® a
direct comparison of these results was impossible. All
these HAV inactivation studies used variants of the only
cytopathic strain of HAV available, that is, HM175,° mainly
HM175/1864% and HM175/24a,57 or no further descrip-
tion of the used HMI175 variant was given.® Genomic

ABBREVIATIONS: CRO(s) = contract research organization{s);
SNPs = single-nucleotide polymorphisms; TCIDg, = 50% tissue
culture infectious dose; VSS(s) = virus stock solution(s}).
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modifications have been described during the adaptation
of the wild-type HM 175 strain to persistence in cell culture
(pHM175) and after the development of a cytopathic
effect by the three variants HM175/18f, HM175/24a, and
HM175/43¢.%" One factor that might affect the reduction
factors achieved could thus be the IM175 variant used in
the respective inactivation study, a theory that has previ-
ously been proposed! but has so far not been investi-
gated, Pasteurized HSA has an excellent viral safety
record”? and HAV transmission by this product has never
been reported. In addition to pasteurization, other con-
tributing factors to the high safety margins of this product
are nucleic acid testing of the plasma for FTAV and alsa the
ethanol fractionation process, which reduces HAV infec-
tivity by several log 50% tissue culture infectious doses
(TCIDs; unpublished data). Nevertheless, as HAV is
known to be fairly robust and thus relatively resistant to
inactivation,’ the inactivation capacity of pasteurization
for this virus is an important element of the overall viral
safety margin and should thus not be overestimated in the
context of plasma product safety. It was therefore the aim
of this work to evaluate whether the differential HAV inac-
tivation properties as observed when studying HSA pas-
teurization can be correlated to the respective HM175
variants used, which might explain some of the variability
of HAV inactivation that has previously been observed.*®

MATERIALS AND METHODS

HAV variants and propagation

HAV HM175 variants of four different origins and designa-
tions were used in this study (Table 1). Stock "HM175”
was purchased from Advanced BioScience Laboratories
(Kensington, MD) and two stocks of “pHMI175," both
derived from a common master stock, were purchased
from BioReliance (Rockville, MD). Both CROs had sourced
the original stock of the viruses from the US Food and
Drug Administration (FDA; Silver Spring, MD). A stock of
“HM175/24a"° {further referred to as “VSS 24a") was first
obtained from Dr S. Emerson’ (National Institutes of
Health, Bethesda, MD) before 1994 and a stock of

“HM175/18" (further referred to as VS 18f) was pur-
chased from the American Tissue Culture Collection
(ATCC, Rockville, MD; Cat. No. VR-1402). HM175 and one
stock of pHM175 were used as supplied by the CROs,
the other HAV stocks were propagated on BSC-1 cells,
obtained from the European Collection of Cell Cultures
(Salisbury, UK; Cat. No. 85011422). For the preparation
of virus stock solution (VSS), cells were cracked 14 days
after virus infection by three freeze-thawing cycles and the
virus-containing suspension was centrifuged to remove
cellular debris.

Confirmation of HAV variant identity

Partial genome sequencing was done to confirm the iden-
tity of the HAV variants. Genome sequences available
at the National Center for Biotechnology Information
(http://www.ncbi.nlm.nih.gov) of wild-type HM175
(Accession No. M14707)," variants HM175/18f (M58808),
HM175/43¢ (M59809), and HM175/24a (M59810),° as well
as the sequence of p16 HM175,'%¢ which can be deduced
from data provided in literature,® were aligned using
ClustalW2 software available at the European Bioinfor-
matics Institute (http://www.ebi.ac.uk/Tools/clustalw2/
index.html). From this alignment, four genomic regions
(Region 1, Base Pairs 44-266; Region 2, Base Pairs 2570-
3075; Region 3, Base Pairs-4881-5355; Region 4, Base Pairs
6729-7340; positions according to the wild-type sequence)
with sufficient single-nucleotide polymorphisms (SNPs)
to allow distinction between the HMI175 variants were
chosen. RNA was extracted from 100-yL aliquots of VSS
24a,VSS 18f, and one stock of pHM175 using an RNA puri-
fication kit (RNeasy Mini Kit, Qiagen, Hilden, Germany)
and amplified using a one-step real-time reverse
transcription-polymerase chain reaction (RT-PCR) kit
(AgPath-ID, Applied Biosystems, Foster City, CA) and
primers (5'>3°) RIF CCATGGTGAGGGGACTTGATAC,
RIR GCAACGGCCAGAGCCTAG; R2F TGGTTTGCCAT-
CAACACTGAG, R2R CATCCACTGATGACTCCAAGTCTC;
R3F TGTGTTGATTTGATAATGGATGGAC, R3R TCTTC
TCTCCAACTCCAAACTGAA; R4AF GGTAGAATCATGAGT-

TABLE 1. Origin, propagation, and

of the HAV HM175 variants used in this study

HM175 variant Designation used
(original designation) Source throughout the study Propagation identity
HM175 ABL* (FDA) HM175 No, as provided by CRO HM175/24at
pHM178 BRLY (FDA) pHM175 One stock as provided by CRO HM175/24a
One stock propagated
HM175/24a S. Emerson§ VSS 24a or HM175 “43¢c-18¢" Yes - Could not be confirmed
HM175/18f ATCCY VSS 18f Yes HM175/18f

. d BioSai [

sequencing.
4 BioReliance, stock was originally obtained from the FDA.
§ Barrett etal”
1 American Tissue Culture Collection.

stock was originally obtained from the FDA.
4 Assigned based on the common origin (FDA) of HM175 and pHM175, as due to VSS restrains identity was not confirmed again by
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GAACTATCTGGA and R4R CATCTCTTTCTCCAAACAG-
GACTG. PCR products were sequenced using a cycle
sequencing kit (BigDye Terminator, Applied Biosystems).
Primer design, RT-PCR, and sequencing were done at
Ingenetix Gmb} (Vienna, Austria). Sequencing data was
aligned to the whole genome sequences using computer
software (ClustalW2, http://www.ebi.ac.uk/Tools/msa/
clustalw2/) and illustrated with computer software
(GeneDoc v.2.7.000, available at http://www.nrbsc.org/
gfx/genedoc/index.html).

Pasteurization

Virus inactivation by pasteurization was investigated in
studies conducted under the principles of good laboratory
practices, using validated downscales of the manufactur-
ing process as defined by regulatory guidance,!” Five
percent or 25% HSA was obtained from the Baxter manu-
facturing facilities in Vienna, Austria, or Los Angeles,
California; spiked 1:10 or 1:20 with VSS (i.e., 9 or 19 parts of
HSA plus one part of VS5, respectively); and mixed, and a
sample was removed and titrated immediately to confirm
the amount of virus added. Virus titers throughout the
experiments were similar and did thus not bias the
results obtained.The spiked material was then heated to
58 + 1°C, that is, a temperature below the defined limit for
manufacture (60 + 1°C) to investigate worst-case. inacti-
vation conditions, within 90 minutes and kept at this tem-
perature for 600 + 10 minutes. Samples were removed
and titrated immediately when the temperature of the
spiked material reached 57°C and after 120 + 2, 360 * 5,
and 600 * 10 minutes at target temperature.

infectivity assays

Infectious virus titers were determined by TCIDs, assays,
using eightfold replicates of serial half-log sample dilu-
tions of virus-containing samples that were titrated on an
in-house FRhK4 cell line maintained in Dulbecco’s modi-
fied Eagle's medium with 1 g/L n-glucose, 5% fetal calf
serum, 0.5 mmol/L L-glutamine, 100 mg/L gentamycin
sulfate, and 1 mmol/L soditm pyrovate. Unspiked HSA
samples were tested for potential cytotoxicity and for
interference with the detection of low virus titers on
FRhK4 cells. Virus reduction factors for pasteurization
were calculated in accordance to the EU Committee for
Proprietary Medicinal Products guidance’ and from at
least two independent runs, for which different lots of HSA
were used.

Data from previous pasteurization studies

Before this study, HSA pasteurization studies had already
been done at Baxter or for Baxter at certain CROs. Studies
done at Baxter in 1994 and 2000 used the original VSS

INACTIVATION OF HAV BY PASTEURIZATION

24a and “pHM175” (sourced from BioReliance, Table 1),
respectively. A study done at BioReliance in 2001 used
“pHM175" and a study done at Applied Bioscience Labo-
ratories in 1995 used “HM175.” The HSA used in all studies
had originated from Baxter and contained 3.5, 5, or 25%
protein. As the materials and methods used in the previ-
ous pasteurization studies were similar or the same as for
this study, the data were included in the current analysis.

Statistical analyslis

Statistical analysis of reduction factors as well as t tests
was done using computer software (GraphPad Prism 5,
GraphPad, San Diego, CA). Analysis of variance (ANOVA)
and multiple comparison of the means by Tukey's test was
done using computer software (MiniTab, MiniTab, Inc.,
State College, PA).

RESULTS

Confirmation of HAV variant identity

The published genomic sequences of the three HM175

variants are more than 99% identical to that of the HM175

wild type. The variants have in common a 14-nucleotide

insertion in the 5'UTR and two deletions that resulted in

the loss of five nucleotides.? Based on SNPs in the whole

genome, the HM175/18f sequence is most similar to the

wild-type sequence (41-SNP difference), followed by
HM175/43c (44 SNPs) and HM175/24a (52 SNPs), With the

exception of one base pair, an insertion at Position 115/

116 (Region 1) in pHM175, the obtained sequences of the
three partially sequenced HAV VSS 18f and VSS 24a and
one stock of pHM175 were identical for Regions 1 and 3
and matched the published sequences of HM175/18f and
HM175/24a.® An'insertion at Position 117/118 (Region 1)

that had been described for HM175/24a® was not seen in
any of the sequenced VSS. Regions 2 and 4 contained SNPs

that allowed differentiation of the sequenced HM175 vari-
ants. VSS 18f was confirmed as variant HM175/18f with
93% (one mismatch at Position 2864) base pair identity at
the informative SNPs in Regions 2 and 4 (Table 2). VS5 24a
matched the HM175/24a sequence with 43%, the HM175/
43c sequence with 64%, and the HM175/18f sequence
with 57% base pair identity at the informative SNPs in
Regions 2 and 4 (Table 2). The sequence of VSS 24a lacked
a SNP specific to HM175/43c in Region 3. Based on these
results, the identity of VSS 24a could not be confirmed, as
the regions sequenced shared more SNP identity with
variants HM174/43c and HM175/18f than with HM175/
24a (Table2) and this variant was therefore termed
HM175 “43¢-18f." pHM175 was unambiguously identified
as HM175/24a, with 100% base pair identity with the pub-
lished sequence at the informative SNPs in Regions 2 and
4 (Table 2). The identity of HM175 could retrospectively
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not be confirmed by sequencing due to VSS restrains but,
as both BigReliance and Advanced BioScience Laborato-
ries had originally obtained their HAV stocks from the
same source (FDA}, there is some evidence that HM175
might also be variant HM175/24a. In summary, the iden-
tity of VSS 18f was confirmed as variant HM175/18f,
pHM175—which originated from the same source as
HM175—was shown to be variant HM175/24a and HM175
“43c-18f,” which was propagated from the original VSS 24a
was not variant HM175/24a but rather a VSS that shared
most similarities with HM175/43¢ and HM175/18f.

Inactivation of the HAV variants

during pasteurization

For the current study, 21 independent pasteurization
experiments were done, using four different batches of
HSA with'a protein concentration of 5 or 25%. HM175
variants of four different origins and designations were
used, of which all but the HM175 variant obtained from
Advanced BioScience Laboratories were used as two
independently prepared VSSs. Complete HAV inactivation
was not observed in any of these experiments. Similar
reduction factors (p=0.4) were obtained for HM175
(4.1 £ 0.1log TCIDs,, 3 [mean * SD, n]) and pHMI175
(4.6 = 0.9 log TCIDso, 4). Significantly less (p = 0.002)
overall inactivation through pasteurization was achieved
for variant HM175/18f (2.6 # 0.7 log TCIDs,, 8) and for
variant HM175 “43c-18f” (2.3 + 0.4 log TCIDs,, 6). For
variants HM175/18f and HM175 “43c-18f" there was no
significant difference (p = 0.09) in inactivation, irrespec-
tive of whether pasteurization was done in 5 or 25% HSA.
For variants HM175 and pHM175 insufficient data sets
were available to evaluate a differential inactivation in
HSA of different protein concentrations.

During previous pasteurization studies done at or for
Baxter, 13 independent pasteurization experiments were
done, using different batches of HSA and of three different
protein concentrations (3.5, 5, and 25%). HM175 variants
of three different origins and designations were used as
single VSS, with the exception of pHM175, for which two
VSSs were used. Complete inactivation was observed only
once, when variant pHM175 was subjected to heat treat-
ment in 3.5% HSA (Table 3). When pHM175 was used at
Baxter in 2000 or at BioReliance in 2001, similar (p = 0.7)
reduction factors of 4.8 + 0.7 log TCIDs,, 4 Imean = SD,
nl, or 5.1 * 0.5 log TCIDs,, 2, were obtained respectively,
which did not differ {p =0.5) from the reduction factor
obtained for pHM175 in this study. The reduction factor
obtained for HM175 at Advanced Bioscience Laboratories
in 1995 (5.3 + 0.4 log TCIDs, 3) differed significantly
(p =0.01) from the reduction factor obtained for HM175
in the current study. In addition, the study done at
Baxter in 1994 that used VSS 24a resulted in a reduction
factor (4.8 = 0.7 log TCIDs, 4) that differed significantly
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TABLE 3. Reduction factors according to HSA protein content and HM175 variant used In the current and

p through p ization
Mean reduction factor (log TCiDg) = SD, n

HAV variant 3.5% HSA 5% HSA 25% HSA All
HM175 (ABL)" ND "41x01,3 53+04,3 47076
pHM175 (BRL)T >5.4, 1% 42 %£03,5 53054 48%07,10
VSS 24a (previous study)§ 52*09,2 ND 44012 48%07,4
HM175 “43¢-18f" (current study)il ND 21 %01, 4 28+06,2 23x04,6
VSS 188 ND 24+02,6 34£13,2 26*07,8
All 52*07,3 3.1£1.0,18 45+12,13 38+ 13,34

1 tdentified as variant HM175/24a through sequencing.
% > = no residual infectivity was observed.
§ Obtained as variant “HM175/24a.”

il Confirmed In this study as variant HM175/18f through sequencing.

* Likely variant HM175/24a, based on the common origin with pHM175.

1 Stock made from VSS 24a but through sequencing shown to be more closely related to variant HM175/18f and HM175/43c¢.

(p = 0.000}) from the reduction factor obtained for HM175
“43c-18f" propagated from VSS 24a, in this study. The
reduction factors obtained in the previous studies using
variants HM175, pHM175, and VSS 24a were not signifi-
cantly different (p = 0.3) from each other. These results
however indicated that the variable “HAV variant” was not
the sole contributor to reduction factor variability and the
data was therefore further evaluated on the basis of HAV
variant, the inféctious dose of the different stock virus sus-
pensions used for inactivation experiments, as well as the
protein content of the HSA. The possibility that varying
titers of virus stock suspensions would influence the
assessment of HAV inactivation was evaluated by correla-
tion analysis, which showed that, regardless of HAV
variant, neither the stock titer infectivity (* =0.004) nor
the infectivity of spiked starting material (# = 0.016} cor-
related with the reduction factors obtained.

Effect of human albumin protein concentration on
overall HAV variant inactivation

When data from this study and previous pasteurization
studies were analyzed according to protein concentration
of the HSA preparation and irrespective of the HM175
variant used, reduction factors of 5.2 = 0.7 log TCIDs, 3
[mean #* SD, n}; 3.1 + 1.0 log TCIDs,, 18; and 4.5 = 1.2 log
TCIDsq, 13, were determined for 3.5, 5, and 25% HSA,
respectively (Table 3). The reduction factors differed sig-
nificantly between 3.5 and 5% HSA (p = 0.002) and 5 and
25% HSA (p =0.002) but not between 3.5 and 25% HSA
(p=0.3). When the data were analyzed according to
protein concentration of the HSA preparation and taking
into account the HIM175 variant used for the inactivation,
significant differences in reduction factors were seen
between 5 and 25% HSA for pHMI175 and HMI175
{p = 0.01) but not for HM175/18f (p = 0.09) or the HM175
“43¢-188" variant (data from this study only, p=0.1;
Table 3). There was no significant difference in reduction.
factors obtained for the VSS 24a variant and 3.5 or 25%

HSA (data from previgus study only, p=0.3). Further
analysis by ANOVA showed that there were significant dif-
ferences in mean reduction factors between HAV variants
{p =0.000) and HSA protein concentration (p =0.000}.
Due to the limited number of data points available for
subgroups “3.5% protein” and “VSS 24a” these were
excluded from further statistical analysis. Multiple com-
parison of the means by Tukey’s test showed that the
simultaneous confidence intervals of HAV variants
HM175 and pHIMI175 as well as VSS 18f and HM175 “43c-
18f” grouped together, but were significantly different
between the two groups (p = 0.0001). The achieved reduc-
tion factors in 5% HSA were significantly lower than the
values achieved in 25% HSA (p <0.002). Following this
analysis, the results for HAV variants in the same group
(i.e., HM175 and pHM175 as well as VSS 18f and HM175
“43c-18f") were grouped together according to protein
concentration and presented as inactivation kinetics,
which further illustrated the difference in overall achieved
reduction between the HAV variant groups and the effect
of protein concentration on inactivation (Fig. 1).

DISCUSSION

For more than a decade, the reason for the observed vari-
ability in HAV inactivation by pasteurization during the
. manufacture of HSA? was not explained. As this virus inac-
tivation step and even the permitted stabilizers are closely
defined in the respective US and European Pharmacopoe-
ial monographs, the actual process of pasteurization
cannot be the major source of variation. In this work, two
factors that contribute to the variable HAV inactivation
were identified: 1) in particular the different HAV variants
as used in the pasteurization studies and 2) to some
degree the different protein content of the FISA prepara-
tions. All pasteurization studies done at or for Baxter, as
well as most pasteurization studies reported in literature,
used variants of the HAV strain HM175.>® As part of the
initial HM175 variant characterization, the thermal stabil-
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T -~ (p)HIM175 (BRL-+ABLY), 25%; n=7

Fig. 1. Inactivation kinetics of the HAV HM175 variants during pasteurization in the manufacture of HSA. The results of HAV pas-
teurization studies done for/at Baxter using 5 or 25% HSA are illustrated; error bars indicate SEM, Data were grouped according
to HAV variants that were shown to have similar reduction factors (variants HM175 and pHM175 as well as VSS 18f and HM175

“43c-18f").n= ber of exper data sets at time-points “0” and “600” minutes (not all other time points contain data
from all experiments) BRL = BioReliance; ABL = Applied BioScience Laboratories.

ity of HM175/43c, HM175/18f, and the noncytopathic, cell
culture-adapted p16 HM175 was determined but no dif-
ference in inactivation seen at the time.® However, variant
HM175/24a, which was used in published inactivation
studies,>’ was not included in this assessment.? In this
work, a clear difference in overall achieved HAV reduction
was seen when the HM175/24a° (represented in this
study by HAV HM175 and pHM175) or the HM175/18f
(represented in this study by HAV VSS 18f and HM175
“43c-18f") variants were used, the latter being approxi-
mately 100-fold less sensitive to inactivation through
pasteurization. These variants were generated through
repeated cell culture passage on BSC1 (HM175/43c),
FRhK4 (HM175/24a), or a combination of the two cell
lines (HM175/18f)° and could therefore have collected
further genomic modifications during cell culture for
longer periods of time, a possible explanation for the
observed difference in variant identity and inactivation
properties between VSS 24a and the HMI175 “43c-18f”
variant. VSS 24a was originally obtained as HM175/24a
before 1994 and at the time showed inactivation proper-
ties similar to the HM175/24a isolates used in the current
work (HM175 and pHM175, Table 3). The HM175 “43¢c-
18f” variant originated from VSS 24a, yet could not be
confirmed as HM175/24a through sequencing in' this
work and also had inactivation properties more similar to
HM175/18f (Table 3). These observations highlight the
importance of stringent HAV culture conditions to mini-
mize the possibility of further genomic modifications and
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a need to reverify isolate identity before use in inactivation
studies.

Differences in inactivation were also seen for the dif-
ferent HM175 variants and HSA of different protein con-
centration, where pasteurization of 5% protein HSA
consistently resulted in lower, overall achieved reduction
than pasteurization of 25% protein HSA, irrespective of
the HAV variant used (Fig. 1). Therefore, another variable
to consider in pasteurization studies using HSA is the
protein content, which contributes to the variability of
overall achieved HAV inactivation. .

The results obtained in this study indicate that
there is a substantiat difference in overall achieved HAV
reduction depending on which HAV variant is used for
pasteurization. As HAV is known to be fairly robust and
thus relatively resistant to inactivation,” the inactivation
‘capacity of pasteurization should not be overestimated
in the context of plasma product safety. For virus valida-
tion studies model viruses are used when for a spe-
cific virus of concern, that is, a target virus, na suitable
system is available for quantitative investigation, for
example, for hepatitis B virus and hepatitis C virus. This
study shows that even when a specific target virus, here
HAV, can be investigated in virus reduction studies, the
choice of the particular virus variant is critical and
requires verification with respect to compliance with
regulatory guidance: “. . . where two similar viruses could
be used for validation studies . . ., the virus considered
to be the more resistant should be used.””” From the data



presented here, the FIM175/18f variant that was obtained
from ATCC might be considered the variant of choice for
pasteurization studies, with the HSA protein content
taken into consideration as a further variable affecting
overall HAV inactivation.
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Occurrence of hepatitis E virus RNA in plasma
donations from Sweden, Germany and the
United States
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?Poul-Ehrlich-Institut, Langen, Germany

2Qctapharma, frankfurt am Main, Germany

*Octapharma, Stockholm, Sweden

Dear Editor, .

We have investigated 165 010 plasma donations from
Germany, $weden and the United States for the presence of
hepatitis E virus (HEV) RNA in plasma mini-pools of up to
96 donations using a proprietary internally controlled real-
time RT-PCR assay; the 95% cut-off of the assay is’
~250 [U/ml as determined by dilution of the WHO interna-
tional Standard for HEV RNA [1). From Europe, 95 835
Swedish and 18 100 German donations were screened, of
these, 12 Swedish and four German donations were positive
for HEV RNA. Allowing for actual mini-pool size, the rate
of HEV-positive donations was 1:7986 and 1:4525 for the
Swedish and German donors, respectively. In contrast, no
HEV-positive donations were jdentified in 51 075 dona-
tions from the United States. Whenever mini-pools were
positive for HEV RNA, individual positive donations were

Table 1 Summary of characterization of HEV RNA-positive plasma donations
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resolved and excluded from pharmaceutical production; 12
of the samples were characterized by molecular and sero-
logical analysis (Table 1). Analysis of the HEV strains
revealed genotype 3 in all cases. Genotyping was performed
by amplification of the ORF2/3 region of the HEV genome
using the OneStep RT-PCR kit (Qiagen GmbH, Hilden, Ger-
many) and the forward primer 5-GGGTGGAATGAATAA
CATGT and reverse primer 5-AGGGGTTGGTTGGATGAA
or 5’-GGGGCGCTGGGMCTGGTCACGCCAAG. Amplifica-
tion products were seq ed directly; all seqy ed strains
were distinct from each other (accession numbers
JN995562-IN995573). The closest RNA sequence matches
from BLAST searches were between an HEV strain from a
wild boar (accession number FJ705359} and samples 6 and
7 obtained from German donors. Viral loads varied between
~3:2-57 log,o (U/ml HEV RNA and are in a similar range
reported for Japanese blood donors [2). Anti-HEV IgM and
anti~HEV IgG in the individual donations were determined
using ElAs from Wantai- {(Wantai, Beijing, China). The
majority of samples were window-period donations. Only
one viraemic sample was positive for IgM, ancther for IgG
{confirmed by repeat testing using different kit lots). Three
samples were initially reactive; however, repeat testing
using different kit batches gave negative results. Such

Sample code gM* 1gG* ALT Viral foad (log,o 1U/mi)*® Country of origin
1 +/= - Neg, 322 Sweden
2 + +/= Neg. 326 . Germany
3 - - Neg. 535 Germany
4 - - Neg. 439 Sweden
5 - + Neg. 495 Swedea
6 +/= - Elevated 454 Germany
7 - - Neg. 419 Germany
3 - - Neg. 476 Sweden
9 - - Neg. 386 Sweden

10 - - Elevated 464 Sweden

T - - Elevated 320 Sweden

12 - - Neg. 568 Sweden

ALT, alanine transaminase.

3positive samples (+) defined as S/Co =1 (according to the kit specifications}; equivocal samples {+/-) gave an 5/Co 21 on initial round of testing and S/Co
< 1 on repeat testing using alternative batches of kit. Negative samples (~). Positive control for IgG was performed using the WHO International Reference

Reagent for anti-HEV I9G (95/584).
"> 80 U/,

RNA titres determined by real-time RT-PCR in isan to the WHO

Standard for HEV RNA - code number 6329/10 [1].

2012-002

2 Letter

equivocal results highlight some of the problems with
standardization of HEV serological assays. Alanine trans-
aminase {ALT) levels were slightly elevated (80-110 IU/1}
in only 3 of 12 viraemic donations tested. This indicates
that screening of blood/plasma by ALT is not a reliable
measure for exclusion of HEV viraemic donors.

Our results are in accordance with a recent investigation
from the UK detecting 6 of 880 mini-pools (with mini-pool
comprising 48 donors) positive for HEV RNA [3]. Consider-
ing a ratio of 1:4525 viraemic donations in Germany, the

limited viraemic titre of some donations, and a size of

~3500 donations per plasma fractionation pool, this could
explain why we found ~10% of large plasma pools for
fractionation from Germany positive for HEV RNA [4]. We
agree with [jaz ef al. [3] that such high numbers of
HEV-positive blood donations in Europe suggest many
subclinical infections (5}, and the consequences of HEV
contamination of blood and plasma warrants further
investigation.
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separate genus, while rabbit HEV is genetically related to
but distinct from other known mammalian HEVSs [5).

In China, genotype 4 was first reported in 1993 and
has became the dominant cause of HE in China since
2000 [24]. Although molecular and seroepidemiological
investigations of HEV have been performed in many
provinces of China, there is a shortage of epidemiological
data from Yunnan province (southwest China), and the
prevalent genotypes have not been characterized previ-
ously. The aim of the present study was to investigate the
prevalence of HEV infection in pigs and humans and to
determine the extent-of genetic variation of Yunnan HEV
strains using phylogenetic and molecular evolutionary
analysis.

Materials and methods
Sample collection

A total of 621 serum samples were randomly collected
from five pig farms across the Yunnan province of China.
Beside of this random sampling includéd 339 swine sera
and 95 swine liver samples, all collected from four abatt-
oirs and 60 swine feces samples originated from three pig
farms in Kunming, the provincial capital of Yunnan. In
addition, 173 sera (63 male and 110 female) were collected
anonymously from the general human population in Kun-
ming by the Center for Disease Control and Preveation of
Yunnan province (Table 1). For collection of swine sera,
2-5 mL of blood was collected from swine in sterilized
tubes. The samples were incubated in water for 1 h at
37°C. And after clotting and centrifugation at 3000 rpm for
10 min sera were separated and stored immediately in a
~—80°C freezer until use.

Detection of HEV antibodies in serum

Swine sera were tested for anti-HEV IgG, while human
sera were tested for both HEV IgG and IgM using a

commercial ELISA kit (Wantai Biological Pharmacy Co.,
Beijing, China) according to manufacturer’s instructions.
Human sera that were positive for anti-HEV IgM were kept
for HEV RNA detection. The samples with an optical
density less than the cutoff value (mean optical density for
the three negative controls on each plate plus 0.12) were
considered as negative. Samples with an optical density
greater than or equal to the cutoff value were tentatively
considered reactive and then retested to confirm the result.
The absorbance was determined at 450 nm (BioTek
ELx800).

Statistical analysis -

Swine and human serum samples. were subdivided into
several age categories, and a possible correlation between
HEV prevalence and age was identified. Statistical analysis
was performed using the unpaired Student’s t-test, and the
results were considered significant when the p-value was less
than 0.05. Descriptive statistical analysis was performed
using SPSS software for Windows 13.0 (SPSS Inc., Chicago,
USA), and the 95% confidence interval was calculated as
described [23].

RNA extraction and reverse transcription-nested PCR

Total RNA was extracted from 100 pl of feces suspension,
homogenized liver suspension and anti-HEV IgM serum
using TRIzol (Invitrogen, USA) according to the tnanu-
facturer’s instructions. RT-nPCR was performed as
described elsewhere {10, 22].

Sequencing and phylogenétic analysis

The second-round PCR products were purified using a PCR
product purification kit and ligated into the pMD18-T vector
(Takara, Dalian, China). The plasmid was then used to
transform E. coli DH5a. The plasmids were extracted, and
the inserts were sequenced at Sangon Biological Engineer-
ing Company (Shanghai, China). The 348-nt consensus

Table 1 Samples used to assess the current epidemiology of HEV in humans and pigs in the Yunnan province

Sample No. Source (no.) Location Screening
HEV-IgG HEV-IgM HEV-RNA
Sera 621 Pig farm (5) Across the province Y N N
339 Abattoir (4) Kunimg Y N N
173 Normal population (-} Kunimg Y Y Y
Feces " 60 Pig farm (3) Kunimg N N Y
Liver 95 Abattoir (4) Kunimg N N Y

Y-tested, N-not tested

@ Springer
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sequences were aligned using DNAman (version 6.0, Lyn-
non Corporation). Nucleotide sequence identity between
isolated sequences and members of the four genotypes were
calculated using Lasergene sequence analysis tools Meg-
Align (DNASTAR, Inc.). Phylogenetic and molecular evo-
Tlutionary genetics analyses were conducted using the
neighbor-joining method with MEGA 4 [19]. Thirty-five
related HEV strains listed in Table 2 were used as references
in the analysis, and an avian HEV strain (AY535004) was
included as an outgroup.

Results

Prevalence of anti-HEV antibodies in pigs and humans
Swine

Among 621 samples collected from five pig farms, the
positive rate for HEV-specific IgG ranged from 73.2 to

83.5%, and the overall seroprevalence was 78.9% (490/
621). There was no significant difference in the serum

Table 2 HEV strains used.in

the phylogenetic and Genotype Strain Host Country Accession no.
analyses . 1 Burl Human Myanmar: Rangoon M73218
SAR-55 Human Vietnam MS80581
Uighl79 Human China: Xinjiang DI11093
Hetian87 Human China: Xinjiang, Hetian D11092
HEVNESL Human Myanmar: Rangoon D10330
K52-87 Human China: Xinjiang, Kashi L25595
hev037 Human India X98292
Morocco Human Morocco AY230202
it M Human Mexico M74506
m HEV-US1 Human USA AF060668
HEV-US2 Human USA AF060669
Meng Swine usa AF082843
JRA1 Human Japan: Tokyo AP003430
Swl570 Swine Japan: Tochigi AB073912
Arkell Swine Canada AY115488
Osh-205 Swine Kyrgyzstan: Osh AF455784
swCNZJ304-06 Swine China: Zhejiang EF187823
JMNG-Oki02C Mongoose Japan: Okinawa AB236320
WBI-Aichi Wild boar Japan: Aichi DQO79628
JDEER-Hyo03 Wild deer Japan: Hyogo AB114179
v swYN-01 Swine China: Yunnan FJ409465
swGX40 Swine China: Guangxi EU676172
EChl66 Human China: Jiangsu HM439278
HC2-40 Swine China: Hunan EU620641
HC10-44 Swine China; Hunan BU620651
WHHI8 Human China: Hubet FJ461770
WH09 Swine China: Wuhan GU188851
HE-JVN1 Human Viet Nam AB168096
swiM12-9 Swine China; InnerMongolia AB550640
CHN-XJ-SW13 Swine China: xinjiang GU119961
Ch-shswl Swine China: Shanghai EU034707
Ch-shsw6 Swine China; Shanghai EU034713
Ch-shhu2 Human China: Shanghai EU034715
SI4 Swine China: Zhejiang AJ428856
KNIH-hHEV4 Human South Korea FJ763142
Avian Usa AY535004

@_ Springer
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prevalence rate between different farms(P<0.05. The
seroprevalence rates of serum samples collected from four
abattoirs were 78.0% (39/50), 80.6% (145/180), 78.9% (71/
90) and 78.9% (15/19), and the average was 79.6% (270/
339). Student’s t-test showed no significant difference in
the serum prevalence rates between the different abattoirs
(P<0.05) (Table 3).

Swine serum samples collected from pig farms were
divided into four age groups, under 2 months, 2-5 months,
6-10 months and over 11 months, and the anti-HEV IgG
positive rate was analyzed with respect to age. The positive
rate was 40.3%, 80.8%, 83.3% and 90.3%, respectively.
The overall positive rate was 70.0%; increased accumu-
lated with age (Table 4).

Humans

One hundred seventy-three samples were divided in to four
age groups: 17-23 years, 24-30 years, 31-36 years and over
37 years. The anti-HEV-IgG-positive rates for the different
age groups were 28.7% (17-23), 50.0% (24-30), 57:1%
(31-36), and 50.0% (37-50). The 17-23-year-old group had

a lower rate than other groups (X?=9.322, P<0.05). The
total positive rate was 39.9%. No significant difference was
found between the males and females (41.3% vs 39.1%)
(P<0.05). The positive rate for anti-HEV IgM was 6.4%
(11/173) (Table 4).

RT-nPCR detection

HEV was detected by RT-aPCR at a rate of 8.3% (5/60) in
swine feces, 6.3% (6/95) in swine liver samples, and 9.1%
(1/11) in anti-HEV-IgM-positive human serum samples. The
348-nt PCR-amplified products of 12 isolates (five in feces,
six in liver and one in anti-HEV-IgM-positive human sera)
were sequenced and designated as swYNO1 to swYNO9,
KMsw-1, KMsw-3 and HuYNOi. Sequence alignment
revealed that swYNOI, swYNO4, swYNO5, swYNO6 and
HuYNO1 shared the same sequence, and therefore nine
sequences were finally ‘submitted to GenBank: swYNO!
(GU560156), swYNO2 (HQ828102), swYNO3 (HQ828103),
swYNO7 (HQ828104), swYNO8 (HQ828105), swYNO9
(HQ828106), KMsw-1 (HQ008863), KMsw-3 (HQ008864)
and HuYNO1 (HQ828107).

Table 3 HEV seroprevalence

in sampled pig herds and Location Farm No. HEV IgG positive - 95% C1
abattoirs in the Yunnan Farms i 41 30 (73.2%) 0.59-0.87
province, China 2 54 42 (77.8%) 0.67-0.89
3 98 72 (13.5%) 0.65-0.83
4 258 204 (79.1%) 0.74-0.84
5 170 142 (83.5%) 0.78-0.90
Total 621 490 (78.9%) 0.76-0.82
Abattoirs 1 s0 39 (78.0%) 0.67-0.89
2 180 145 (80.6%) 0.75-0.87
3 %0 71 (78.9%) 0.71-0.87
4 19 15 (78.9%) 061-0.97
Total 339 270 (19.6%) 0.76-0.84
Total - 960 79.2% (7601960) 0.76-0.82
Table 4 ’:iﬁ ‘}‘fEPf,“de"ff ofthe . Lost Age No. Anti-HEV 15G 95% CI Anti-HEV 1gM
in pigs and the general human gy, <2 months 201 81 (40.3%) 0.34-047 -
population 25 months 25 198 (80.8%) 0.76-0.86 B
6-10 months 30 25 (83.3%) 0.70-0.97 -
>11 months 145 131 (90.3%) 0.85-0.95 .
Total 621 435 (70.0%) 0.66-0.74 -
Human 17-23 87 25 (28.7%) 0.19-0.39 5 (5.7%)
2430 54 27 (50.0%) 0.37-0.63 3 (5.5%)
31-36 14 8 (57.1%) 0.31-0.83 107.1%)
>37 18 9 (50.0%) 027-0.73 2311.1%)
Total 173 69 (39.9%) 033-047 11 (64%)
@ Springer

Hepatitis E virus in Yunnan Province, China

1993

Phylogenetic and molecular evolutionary analyses

Phylogenetic and molecular evolutionary analysis revealed
that nine isolates shared 84.2-100.0% nucleotide sequence
identity with each other and 77.3-81.3%, 52.2-53.3%, 73.4-
88.5% and 77.7-100.0% nucleotide sequence identity with
strains representing genotypes 1, 2, 3 and 4. These isolates
are all belonged to genotype 4 HEV and clustered with
China swine and human HEV sequences generated earlier
(Fig. 1). A analysis based on strains of known subtype
revealed that the nine isolated strains could be further
divided into four different subtypes (4b, 4c, 4e and 47),
including a newly identified subtype (swYNO8) that, to our
knowledge, has not been subtype in previous studies
(Fig. 2).

Discussion

There is increasingly evidence that HEV is enzootic, and
pigs are considered as one of the major reservoirs for human
infection. Among the four genotypes of HEV, genotypes 1
and 2 are linked to large HEV epidemics in the human
population and transmitted mostly by the fecal-oral route
through contaminated water. These two genotypes are
endemic in regions of Asia and Africa and have only been
isolated from humans. In contrast, HEV strains of geno-
types 3 and 4 infect both humans and a variety of mam-
malian species, in particular, domestic pigs and wild boars,
and are responsible for sporadic cases of acute hepatitis E in
both developing and industrialized countries [15]. The
identification of HEV in essentially all swine-producing
regions worldwide and the demonstrated ability of cross-
species infection of this virus raise potential public-health
concerns about zoonotic transmission [4, 20, 21]

In China, genotype 4 HEV is endemic in pigs, and
sporadic human cases of hepatitis E throughout the country
are causes by genotypes | and, perhaps more often, 4 [8).
Besides genotypes 1 and 4, genotype 3 also has been
identified in eastern China since 2006 [16). In this study, a
serological and molecular survey revealed a 78.9% prev-

- alence of anti-HEV IgG in selected pig farms and 79.6% in

abattoirs respectively. An 8.3% HEV-RNA-positive rate in
swine feces and 6.3% in swine liver samples indicated that
HEV infection is highly prevalent among pigs in the
Yunnan province. The prevalence was equal in the northern
and southern parts of China (73.5-78.8%) [6, 10].

About 10-20% of people in China have signs of past
HEV infection {25]. The 39.9% prevalence of anti-HEV
1gG, 6.4% of HEV-IgM, and 9.1% of HEV-RNA in anti-
HEV-IgM-positive human serum samples in the general
human population revealed a more serious prevalence sit-
uation in Yunnan. Also, it is worth mentioning that human
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Fig. 1 Phylogenetic tree constructed by alignment of the 348-pt
nucleotide sequence of ORF2 using the neighbour-joining method and
evaluated using the interior branch test method with Mega 4 software.
Percent bootstrap support is indicated at each node. The GenBank
accession number, source, and country of origin are indicated. An

, avian HEV strain is included as an outgroup. The isolates identified in

this study are indicated by 4 black triangle. The scale bar indicates
nucleotide substitutions per position

strain HUYNO1 shows a high degree of genetic relatedness
to swine strains isolated in the same region, and this again
confirms the capability of a zoonotic spread of genotype
4 HEV.

4a, 4b, 4c, 4d are the most prevalent in China of the seven
subtypes (4a-4g) of genotype 4 HEV [6, 11, 23}, and
combined with our results, it can be suggested that there are
at least four subgenotypes of genotype 4 (4c, 4d, 4b, and 47)
current prevalent in swine populations of Yunnan, and these

) Springer
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Fig. 2 Unrooted phylogenetic

tree of HEV genotype 4 isolates

based on partial ORF2

sequences The subgenotypes of

these isolates were determined

with seven confirmed subtypes

of genotype 4 HEV as

references. The results showed -
that }2 genotype 4 jsolates ) Q‘b% ;
found in this study were divided ~'§% 2
into four different subtypes. The R

tree was constructed using *

Mega 4, with 1000 replications

strains are genetically related to the strains that are pre-
valent in the general human populations in this region.

1t has been demonstrated that viral sequences recovered
from pig livers sold in local grocery stores are closely
related, or identical in some cases, to the viruses recovered
from human patients [2, 7, 10, 21], and the contaminating
virus in commercial pig livers sold in local grocery stores
remains fully infectious {3]. Sporadic cases of acute hep-
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to human-to-human transmission [17]. At present, the
evolutionary relationship among the four HEV genotypes
in humans and swine is not yet fully understood. The iso-
lation of the nine HEV strains represented in southeastern
China would facilitate study of the evolutionary history of
this virus and the variation in selective pressures acting on
different genotypes.

atitis E have been reported in patients who cc d wild
boar meat [9). This study found 6.3% of swine liver sam-
ples to be positive for HEV RNA, which once again raises
additional public-health concerns over pork safety, the risk
of HEV infection via the consumption of undercooked pork
products. Moreover, results indicate the need for estab-
lished quarantine methods towards HEV to prevent the
flow of contaminated pig livers to the market chain, since
there seems to be. a lack of aw. from gover to
deal with the situation.

As HEV has an animal origin it is suggested that some
ancestral strains could have subsequently developed the
capacity to be transmitted efficiently to and between
humans. To prevent emergence of novel human diseases, it
is important to understand the evolutionary and epidemi-
ological processes facilitating this transition from enzootic

@ Springer
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DONOR INFECTIOUS DISEASE TESTING

Relative distribution of West Nile virus RNA in blood
compartments: implications for blood donor nucleic acid
amplification technology screening

Lori Lai, Tzong-Hae Lee, Leslie Tobler, Li Wen, Ping Shi, Jeff Alexander, Helen Ewing,
: and Michael Busch :

BACKGROUND: Despite implementation of targeted
individual-donor nucleic acid test (NAT) screening of
blood donors for West Nile virus (WNV), three “break-
through” WNV transfusion transmission cases were
reported (2004-2008), suggesting that current plasma-
based assays are unable to detect all WNV-infectious
donations. A 2007 report found that 19 of 20 red blood
cell components from WNV-infected donors contained

1 log higher viral load than plasma components. This
study’s aim was to further establish the value of screen-
ing whole blood relative to plasma for WNV RNA by
generating differential viral loads on paired sampies
derived from blood screening tubes,

STUDY DESIGN AND METHODS: WNV RNA-positive
donors identified by routine NAT screening were
enrolled and quantitative viral data were generated
using cross-sectional (index-donation) and longitudinal
(follow-up) specimens. A real-time reverse transcription—
polymerase chain reaction viral load assay was used on
both study sample sets and replicate qualitative NAT
screening assays were also used on the longitudinal
study samples. ’
RESULTS: For the cross-sectional study, seronegative
index donations {n = 29) had WNV RNA concentrations
fourfold higher in plasma than in whole blood, whereas
for seropositive donations (n = 13}, the WNV RNA con-
centrations were 10-fold higher in whole blood than in
plasma. All 10 fongitudinal study participants were
seropositive throughout the follow-up study; whole
blood viral load was consistently greater than plasma
viral load {mean difference, 343 copies; p < 0.001) up
to 200 days after index.

CONCLUSION: The improved sensitivity of WNV NAT
using whole blood instead of plasma was confirmed,
but appears to be limited to better detection in seroposi-
tive stages. However, the imptication of these findings
for blood screening Tequires further study to establish
the infectivity of persistent whole blood viremia.

n 1999, West Nile virus (WNV), a mosquito-borne

flavivirus, was reported as the causative agent

linked to a cluster of viral encephalitis cases in

Queens, New York.! The first WNV transfusion-
transmitted infection was observed in 20022 Later that
year, 22 additional transfusion-transmitted infections
were confirmed.?

After these transfusion transmission reports, the Food
and Drug Administration (FDA) asked blood screening
test manufacturers to develop WNV aucleic acid amplifi-
cation technology (NAT) assays to detect infected donors
at the earliest seronegative stages.* By July 2003, two inves-
tigational qualitative WNV NAT assays were released,
and by July 2005, more than 1000 viremic blood donors
detected by these assays were reported.?

WNV NAT screening was initially implemented in
minipool (MP) test formats employed for NAT screening
for other viruses.’ Cost-effective and logistically advanta-
geous, MP-NAT screening involved pooling specimens
from 6 to 24 donors and screening the combined
specimen pool for viral RNA.? After six transfusion trans-
mission cases linked to MP-NAT screened donors

ABBREVIATIONS: BSRI = Blood Systems Research Institute;
Ct = cycle threshold; ID = individual donation; MP = minipool;
S/CO = signal 1o cutoff; TMA = transcription-mediated
amplification; WNV = West Nile virus,
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were reported in 2003, “triggering” strategies were devel-
oped and implemented that involved switching from
MP-NAT to more sensitive individual-donation (ID) NAT
when criteria indicating a higher risk of WNV infection in
donors were met.” In addition, systems were developed to
enable regional communication of WNV yield data among
donor centers to support rapid triggering of ID-NAT when
adjacent regions experience epidemic activity. Despite
implementation of targeted ID-NAT, three more WNV
transfusion-transmitted infections were reported be-
tween 2004 and 2008; all were linked to MP-NAT screened
donations that were missed because ID-NAT triggering
criteria were not reached at the screening sites.™

One approach to reducing WNV transfusion trans-
mission risk could be to develop an alternative specimen
preparation protocol that would increase the clinical sen-
sitivity of current WNV NAT screening assays. In 2007, FDA
investigators found an order of magnitude greater viral
loads in the red blood cell (RBC) components collected
from WNV-infected blood donors compared to that in the
donors’ corresponding plasma components.® This FDA
study also reported that RBC-associated WNV was infec-
tious in Vero cell cultures and another report from this
group indicated that WNV antibody-~positive specimens
could also infect cells in vitro.'®

Typically intended for transfusion, bleod components
are generally not initially screened for pathogens. Instead,
plasma samples from vacutainer blood collection tubes
collected at the time of donation are routinely screened.
The 2007 FDA report suggested that further research
exploring the use of whole blood as a screening sample is
needed, potentially enhancing the extraction of cell-
associated viral nucleic acids.? To this study group’s knowl-
edge, noresearch has been conducted to develop ablood
donor screening method for WNV RNA in whole blood
samples derived from blood collection tube specimens.

This study’s objective was to further establish the sen-
sitivity of screening whole blood relative to plasma for
WNV RNA by generating differential viral loads using
paired whole blood and plasma samples prepared from
blood collection tubes instead of blood components. Our
hypothesis was that, consistent with the 2007 FDA report,
we would find 1 log higher viral loads in whole bload com-
pared with plasma.® We also expected to see variations in
the whole blood and plasma viral loads according to the

- stage of infection as defined by serology status, similar to

our recent findings of compartmentalization in parvovi-
rus B19 in infected blood donors."”

MATERIALS AND METHODS

Blood donor populations
This retrospective analysis was designed to gather quan-
titative viral data on cross-sectional and Jongitudinal

448 TRANSFUSION Volume 52, February 2012

specimens from WNV-infected donors that had been
processed and stored in a repository at Blood Systems
Research Institute (BSRI). The cross-sectional portion of
the study involved using a previously described real-time
reverse transcription-polymerase chain reaction (RT-
PCR) assay to quantify viral loads in plasma and whole
blood samples derived from specimens collected from
donors on the index donation or index date.”? The cross-
sectional study samples were from donations that had
been confirmed positive for WNV after reactive WNV RNA
screening using a transcription-mediated amplification
(TMA) NAT assay." This TMA assay was used for blood
screening at Creative Testing Solutions (Tempe, AZ). Viral
loads were also determined in longitudinal follow-up
whole blood and plasma specimens from enrolled partici-
pants whose WNV infections were confirmed by TMA
reactivity at index and later seroconversion.

All samples were tested “blind” with no donor identi-
fication or outcome information and no data on bleed
sequence or predicate WNV results provided during the
testing process. Longitudinal study participants signed
an informed consent form approved by the University
of California at San Francisco Committee on Human
Research to allow blood specimens to be collected during
specific time intervals after their index date. This study’s
research protocal is compliant with the Declaration of
Helsinki principles and was also approved by the A.T. Still
University Mesa Institutional Review Board.

Serologic assay

Stage of infection for both the cross-sectional study partici-
pants and the longitudinal study participants was estab-
lished at each specimen collection date using anti-WNV
immunoglobulin (Ig)M and IgG immunoassays (Focus
Diagnostics, Cypress, CA). The specimens were divided
into seronegative (IgM negative and IgG negative) and
seropositive {IgM positive and/or IgG positive) groups.

Sample preparation

Whole blood and plasma samples derived from specimens
collected from both study groups were prepared by
BSRI previous to this investigation. Anticoagulated blood
specimens in collection tubes containing ethylenedi-
aminetetraacetate (EDTA) were centrifuged at 872 x g for
10 minutes. Plasma was removed and divided into ali-
quots for storage in a biospecimen bank at ~70°C. The
buffy coat was resuspended with the remaining RBCs and
plasma, and this volume, now called the whole blood
sample, was also divided into aliquots and stored.

" Sample aliquots from the longitudinal study group
were further processed for replicate qualitative NAT
testing using the TMA assay. These follow-up sample
aliquots were thawed and diluted 1:5 by adding four parts

of phosphate-buffered saline (PBS) to one part of whole
blood or plasma. The samples were diluted to prevent the
TMA inhibition that would likely occur if undiluted whole
blood was tested.™* To directly compare the proportion of
replicate TMA assays that were positive using 1:5 diluted
whole blood with cormresponding plasma aliquots, the
plasma was also diluted 1:5 in PBS before replicate TMA
testing in parallel with diluted whole bleod.

Real-time RT-PCR assay

The WNV RNA real-time PCR assay used in this study was
based on methods reported in detail in a US patent.'? A
real-time RT-PCR assay using primer pairs described in
the patent was previously validated by testing its ability to
detect both US and Ugandan WNV strains.'? -

In this study, the assay protocol involved RNA extrac-
tion step using RNA kits (QIAamp, Qiagen, Valencia, CA)
using procedures slightly modified from the package
insert. (Of note, use of this RNA extraction method
enabled testing of whole blood and plasma-derived RNA
without predilution of samples before extraction, as was
necessary before the target capture step TMA assay.) Real-
time RT-PCR used primers and probes that targeted highly
conserved sequences within the capsid region or the NS1/
NS2 region of the WNV genome. After amplification, the
mean cycle threshold (C) values from two replicate tests
were determined for whole blood and plasma-derived
samples processed in parallel.

'WNV RNA-positive plasma with a known concentra-
tion, originally sourced from an FDA stock of WNV jsolate
(NY99) culture supernatant spiked into plasma, was
obtained from CBER/FDA and used as the standard for
viral load testing.' This standard was serially dituted into
negative plasma or whole blood and replicate tests were
performed on the serial dilutions to determine the limit of
detection of the real-time RT-PCR assay on both sample
types using Probit analysis.

TMA assay

A WNV assay (Procleix, NVD, Emeryville, CA) used in this
study is FDA-licensed for donor screening.”® The assay
consists of three major steps including sample prepara-

WNV RNA IN BLOOD COMPARTMENTS

tion with magnetic particle-based target capture, viral
RNA target amplification based on TMA technology, and
amplification product detection with chemiluminescent
probes using a hybridization assay.”

To determine the specificity of the TMA assay on PBS-
diluted specimens, 15 paired whole blood and plasma
specimens were collected from donors who were not
infected with WNV, These donors were anti-WNV IgM
negative and shown to have no detectable WNV RNA in
their plasma and whole blood using the real-time RT-PCR
assay. Their specimens were diluted with PBS using the
above protocol and tested in replicates along with the
diluted follow-up specimens with the TMA assay using
the automated NAT instrument platform (Procleix TIGRIS,
NVD).

Statistical analysis

For the cross-sectional study specimens, the difference in
C, values (AC;) between whole blood and plasma was cal-
culated and used to estimate the differential viral load in
the sample types. A AC; of 3.3 is equivalent to a 10-fold
viral load difference. The Mann-Whitney rank sum test
(JMP, Version 7, SAS Institute, Inc., Cary, NY) was used to
assess the difference in AC; between the seronegative and
seropositive groups—all tests were two-tailed (t = 0.05). In
addition to calculating the proportion of replicate TMA-
reactive resuits on the diluted whole blood and plasma
samples at serial time periods after the index donation
date, the data analysis for the longitudinal cohort also
included plotting viral load data relative to time postindex
donation date and serology results.

RESULTS

Probit analysis established that the 50 and 95% detection
limits for the WNV RNA real-time RT-PCR assay were 9.5
and 73.7 copies/mL, respectively (Table 1). The detection
limits for whole blood were 15.5 copies/mL (50%) and 89.0
copies/mL (95%). Since there were only one or two viral
load levels that were within the range of 0% to 100% posi-
tive rate, 'our replicate dilution data did not contain

TABLE 1. WNV detection limits determined by Probit analysis using a CBER/FDA WNV standard dilution panel
with a real-time RT-PCR assay

50% detection 95% detection

Number reactive/

Dilution matrix Copies/mL number tested % Reactive limit in copies/mL* timit in copiesfmi"
Plasma 105-102 16/18 100 95 737

10* 7116 44

10° 118 6
Whole blood 10%-102 16/16 100 155 890

10 5/16 3

10° 0/18 0

“ Determined by probit analysis.
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TABLE 2. C, values of paired whole blood (WB) and plasma (PL) specimens in the WNV cross-sectional study
obtained using a real-time RT-PCR assay*

Antibody stage IgM-/IgG- (n = 29) IgM+/igG— (n=3) IgM+/igG+ (n = 9) IgM+/1gG+ (n = 1)
WB WNV RNA (% detectable) 83 100 89 100

PL WNV RNA (% detectable) 86 4] 11 0

WB C, (mean) 37.2 36.3 36.9 349

PL C: (mean) 35.2 40.0 39.9 400

AC, = piasma C, — whoie blood C, -20 3.7 3.0 5.1

p value 0.0002 0.06 0.002 NAT

WB WNYV fold difference vs. PL -4 +12 +8 +34

" All specimens collected on the index date. All C, values 40 or greater are indicated as 40 (undetectable).
1 Not applicable; unable to calculate p value due to data from only one participant.

2

o
1

<
I
I

Delta Ct (PL -WB)

:

Neg Pos
Serostatus

Fig. 1. Box-and-whisker plot of the AC, values (plasma

C. - whole blood C, {PL - WB)) based on serology status, nega-
tive (IgM- and IgG-, n = 29) and positive (IgM+ and/or IgG+,

n = 13) for the cross-sectional study. The AC, values are plotted
on the y-axis and the serologic status (Neg and Pos) is plotied
on the x-axis.

enough informatien to estimate confidence intervals (Cls}
for these limit of detection values. All fivefold diluted
whole blood samples from 15 non-WNV-infected donors
tested nonreactive by replicate TMA assays, indicating
that the TMA assay demonstrated 100% specificity when
used with this sampie set.

The cross-sectional study results revealed that the
viral load was fourfold lower in whole blood compared to
plasma in seronegative donor specimens (29/42), indicat-
ing that the virus was mainly suspended in the plasma and
not cell associated during the viremic seroconversion
stage of infection (Table 2). In contrast, we observed an
approximately 10-fold higher viral load in whole blood
versus plasma in seropositive index donation specimens
(13/42). As Fig. 1 indicates, several seronegative speci-
mens (3/29) showed slightly higher viral loads in whole
blood compared to plasma, aithough this differential
viral load distribution was less than that seen in whole
blood relative to plasma samples from WNV-seropositive
specimens.

All 10 longitudinal study participants were seroposi-
tive throughout follow-up, and their viral load results
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showed that more WNV RNA was typically detected in
whole blood (mean difference, 343 copies; p < 0.001) than
in plasma up to 200 days after index (Fig. 2). Plasina viral
load levels were detectable only within 15 days after index
for five of the participants, while the other five partici-
pants had no plasma viremia detectable by the real-time
RT-PCR assay during their entire follow-up pericd. For six
participants with follow-up specimens collected at least
90 days after index, five had detectable WNV RNA in whole
blood to 3 months after index donation. All five study par-
ticipants for whom sixth month specimens were available
tested negative for WNV RNA in both the whole blood and
the plasma compartments; by this point their IgG levels
had reached a plateau while their IgM levels were decreas-
ing or under the cutoff value of 1. As the IgM signal-to-
cutoff (S/CO) values decreased, the whole blood viral
load generally decreased (Fig. 2). Figure 3A presents a
summary of the more sensitive qualitative RNA screening
test results based on an mean percentage of reactive TMA
tests out of five replicates performed on the diluted whole
blood and plasma samples derived from specimens
collected during six follow-up date ranges. These data
confirm that there was a higher probability of detecting
WNV in whole blood compared to plasma up to 3 months
after index. The viral load mean for the same six follow-up
date ranges show a pattern similar to that of the replicate
TMA results (Fig. 3B).

- DISCUSSION

Qur retrospective study, using tube-derived specimens,
revealed significantly higher viral loads in plasma than
whole blood during the seronegative stage, in contrast to
an'earlier study that demonstrated higher levels of WNV
RNAin RBC components compared to plasma irrespective
of donation viral load or serologic status.® Although these
different results may be due to a number of varying factors,
the persistent whole blood viremia detected in this study
may also present an oppoxtunity for further studies explor-
ing the diagnostic implications of this finding.

In the earlier study, confirmed WNV RNA-
reactive samples from leukoreduced RBC units and their
corresponding components were used—the RBC samples
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Fig. 2. WNV RNA concentration and serologic status over the follow-up period after index donation date for each of the 10 WNV-

infected blood donors who par d in the | dinal study. The cor ding plasma and whole blood WNV RNA concen-

trations in copies/mL is plotted on the left y-axis. IgM and IgG S/CO ratio is plotted on the right y-axis. The days after index
donation date is plotted on the x-axis, The percentage of diluted plasma and whole blood samples that were TMA positive out of
five replicate tests is indicated above the gray (plasma) and black (whole blood) bars above each follow-up collection day. The 10

participants are assigned a letter from A to .

derived from fresh blood components were washed twice
before extraction with Trizo! (Life Technologies Corpora-
tion, Carlsbad, CA), whereas plasma was extracted with
QiaAmp. In our study, the whole blood and plasma
samples were prepared from blood denor specimen tubes
routinely used for screening and then frozen and thawed
before viral load quantification. The thawed whole blood
in our study contained lysed RBCs, white blood cells
(WBCs), and platelets (PLTs) while the leukoreduced RBC
units most likely contained a greater amount of intact

RBCs along with a minimal’amount of WBCs and PLTs

before sample processing for RT-PCR. The impact of start-

ing with thawed, lysed RBCs, in addition to more WBCs
and PLTs in our unwashed whole blood samples on reai-
time RT-PCR results relative to the RBC samples used in
the earlier study, was not clearly understood. No specific
stability data regarding WNV RNA in frozen whole blood
samples could be found after a literature search; however,
an earlier human immunodeficiency virus Type 1 RNA
stability study found no significant change in mean viral
loads in EDTA-anticoagulated plasma samples for at least
6 months when processed promptly and stored at ~70°C."
The longitudinal sample pairs were thawed and tested at
least 1 year after they were prepared and frozen so it may
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Fig. 3. (A) Mean percentage of TMA-reactive (Procleix WNV Assay, Novartis Diagnos-
tics) for all particpants’ corresponding plasma (PL) and whole blood (WB) samples
collected at designated time periods after index and the mean S/CO value for IgM
and IgG for those samples over the same time periods. The mean percentages of TMA
reactive (+) plasma and whole blood 1:5 diluted samples are plotted on the left y-axis
as bar graphs and the mean S/CO values for IgM and IgG are plotted on the rigﬁ(
y-axis. The time periods (5-15, 16-25, 26-45, 46-100, 101-200, and 201-375 days) of
the follow-up collection days after index donation are plotted on the x-axis. (B) WNV
RNA concentration (real-time RT-PCR assay used at BSRI) for all participants’ corre-
sponding plasma and whole blood ! llected at di d time period:

after index and the mean §/CO vaiue for IgM and IgG for those samples over the
same time periods. The mean copies/mL for neat whele blood and neat plasma axe
plotted on the left y-axis as bar graphs and the mean S/CQ values for IgM and IgG
are plotted on the right y-axis. The time periods (5-15, 16-25, 26-45, 46-100,

101-200, and 201-375 days} of the follow-up collection days after index donation are
plotted on the x-axis.

tion methods might have resulted in
different RNA extraction efficiencies,
which may at least partiaily explain the
different findings between the two
studies. One study reported with foot-
and-mouth disease virus spiked plasma
samples, the Trizol extraction procedure
detected 1 log less viral RNA 107 dilu-
tion compared with 107 dilution) than
other extraction methods, including
QlAamp RNA kit, 'using one RT-PCR
assay. With another assay, the QlAamp
RNA kit was approximately 2 log more
sensitive than the Trizol method."”

Another possibility for the contrast-
ing findings may be the different
primers and probes used in each study.
1t is possible that primers and probes
used in the eatlier study could have
been more efficient in detecting WNV
RNA in RBC samples than those used in
this study. If this could be demonstrated
in a future study, the consistgntly higher
RBC viral loads found in the earlier
study, regardless of serostatus, could be
explained.

Although there are no data to indi-
cate that the lower percentage (83%) of
seronegative samples with detectable
whole blood viremia compared to that
of plasma viremia (86%) was due to
false-negative results, one of our current
study’s limitations was that there was
no internal control in our real-time
RT-PCR assay (the WNV TMA assay used
in our study did include an internal
control that had to be reactive for
the results to be considered valid
and included in our analysis; no such
invalid results were observed with the
1:5 diluted whole blood and plasma
samples tested from WNV-positive or
contro} donor specimens). For real-
time RT-PCR assays without a negative
control, detecting false-negative results

have been possible that some RNA degradation occurred
in the both the plasma and the whole blood samples
during storage; however, we could not demonstrate this
because the whole blood and plasma samples were not
tested for viral loads before being frozen. Per our protocol,
our objective was 10 test samples without introducing
further preservatives that could impact the findings of the
study.

In our study, RNA extraction was done with RNA kits
(QIAamp, Qiagen). We speculated that the different extrac-
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may be less likely compared to assays with an internal
control. No internal control was used in the real-time
RT-PCR assay in this study due to technical challenges
associated with validating and optimizing the internal
control input value. Future research using our real-time
RT-PCR assay may include optimizing this assay to incor-
porate an internal control.

Our real-time RT-PCR assay’s 95% limit of detection,
established by probit analysis, was higher for whole blood
(89.0 copies/mlL) compared to plasma (73.7 copies/mL)

but it is not clear if this difference was significant since

CIs could not be estimated. Future studies may must
include more replicate testing of viral load levels between
102 and 10° copies/mL to obtain better limit of detection
estimates and associated CIs for our real-time RT-PCR
assay. Another published real-time RT-PCR assay was
shown to reliably detect WNV RNA at a concentration of 10
to 30 copies/mL" so there may be opportunities to further
improve the analytical sensitivity of our assay in future
studies.

~In our study, the viral loads in whole blood were
approximately 1 log higher compared to plasma after
seroconversion. Similar to the findings in our recent
study of parvovirus B19 viremia in donors, WNV RNA
levels varied with infection stage."! A potential explana-
tion for the detection of higher viral loads in the plasma
samples relativé to the whole blood samples in serone-
gative donations is that without induced IgM specific for
WNV, the dissemination of virus into the plasma com-
partment cannot be significantly slowed.'" Again, similar
to our recent study of Parvovirus B19,'! whole blood
WNV levels decreased considerably as soon as IgM
became undetectable by the sixth month postindex
follow-up collection date. Potential explanations of these
findings could include WNV being preferentially bound
to RBCs when the virus is present in IgM immune com-
plexes, more WNV tending to bind at higher plasma con-
centration due to steric effects on receptor-mediated
binding or WNV being present in high levels within a
subset of peripheral blood RBCs in earlier compared to
later stages of WNV infection. The last hypothesis is
interesting because no sixth month follow-up whole
blood sample was WNV RNA reactive and all available
third month samples had detectable WNV RNA, which
would be consistent with the 120-day survival period
for RBCs.

From our study, we surmise that the clinical value of
screening whole blood instead of plasma for WNV RNA
may be limited to better detection during the seropositive
stages that have shown little to no transfusion transmis-
sionrisk to date. Only one seropaositive (IgM-positive/IgG-
negative) donation with a low plasma RNA load has been
implicated in the 32 WNV transfusion transmission cases
documented by the CDC."® Our group reported that in
2007, 9 of 34 TD-NAT only yield cases were IgM-positive/
IgG-negative donations.” Another group had reported that
in 2003 to 2004, a median viral load of 100 copies/mL was
detected in 143 anti-WNV IgM-positive donations (includ-
ing both donations without and with WNV-specific 1gG).°
Two inconclusive investigations of patients identified as
having possible WNV transfusion-transmitted infection
involved donors who were IgM positive but had plasma
found WNV RNA negative by PCR, findings that are con-
sistent with our observations in this study.? Based on the
findings of this study, it may be possible to speculate that
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had the whole blood compartment of these two donors
been tested, there is a greater likelihood that WNV RNA
would have been detected in this compartment. Although
not typically observed to date in vive, another previous
study showed that over 50% {15/28) of WNV antibody-
positive samples, including some with high viral loads
(8/15) and some with low viral loads (7/15), demonstrated
infectivity for Vero cell culture and/or human monocyte-
derived macrophage culture.’

Persistent whole blood viremia observed in some par-
ticipants up to 90 days after index, combined with earlier
findings of in vitro infectivity of RBC-associated WNV,
suggest the need for future studies to evaluate related
blood safety implications, Since plasma viremia can only
be detected a few days after infection, diagnosis of WNV
infection in humans is typically based on serologic test
results.?® Positive serologic results need to be confirmed
by viral neutralization studies to rule out the presence
of cross-reactive antigens such as Japanese encephalitis
complex in the clinical sample; these neutralization
studies require a Biosafety Level 3 facility® If a whole
blood NAT assay could be developed for diagnostic use,
this could complement the currently used diagnostic tools
and provide an opportunity for WNV RNA detection for
several months instead of several days after infection.

More research is also needed to explore if whole blood
screening could enhance the yield of MP-NAT during the
early postseroconversion stages, extending the detection
window of an active WNV infection for up to 90 days after
infection as opposed to the current window period of
approximately 6 to 7 days using current testing methods.
Further longitudinal studies using a larger number of
WNV-infected participants are ongoing to further explore
these open research questions.
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Human T-cell leukemia virus type-1 {HTLV-1), a
major source of adult T-cell leukemia and relat-
ed diseases, is endemic to southwestern Japan.
Mother-to-infant transmission via breast milk is
an important route of infection, and establish- -
ing programs to prevent such transmission
requires exact figures on the HTLV-1 prevalence
rate and the number of carriers. Therefore, the
seroprevalence of HTLV-1 among 1,196,321
Japanese first-time blood donors from 2006 to
2007 was investigated. A total of 3,787 of such
donors were confirmed to be positive for anti-
HTLV-1 antibody. By applying a fitness curve to
the age ranges outside the blood donor age-
range, the present number of HTLV-1 carriers
covering ages from 0 to 99 years was estimated
to be at least 1.08 million in Japan; this value
was 10% lower than that reported in 1988. The
adjusted overall prevalence rates were estimat-
ed to be 0.66% and 1.02% in men and women,
respectively. The peak in carrier numbers was
found among individuals in their 70s, which is
a shift from the previous peak observed in the
1988 database among individuals in their 50s.
Carriers were distributed not only in the en-
demic southwestern region of Japan, but
throughout the country, particularly in the
greater Tokyo metropolitan area. By applying
population projections, it was calculated that
the carrier number will decrease by half in the
next two decades; however, the carrier popula-
tion will age over that interval, meaning that
the age of patients with aduit T-ceil leukemia
will also be higher. J. Med. Virol. 84:327-
335, 2012. © 2011 Wiley Periodicals, Inc.

KEY WORDS: HTLV-1; seroprevalence; blood
donors

INTRODUCTION

The human T-lymphotropic virus type 1 (HTLV-1;
Retroviridae, Deltaretrovirus, Simian T lymphotropic
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virus) is a pathogenic retrovirus that causes adult T-
cell leukemia, HTLV-1-associated myelopathy/tropical
spastic paraparesis (HAM/TSP), and uveitis [Takat-
suki et al.,, 1977; Hinuma et al., 1981; Gessain et al,,

1985; Osame et al, 1986; Moclnzukl et al, 1992]

HTLV-1 prevalence shows a peculiar geog:rap}ucal dis-
tribution pattern, with virtually exclusive concentra-
tion in southwestern Japan, the Caribbean islands,
regions of South America, and tropical Africa {Manns
and Blattner, 1991; Mueller, 1991]. The high endemic-
ity of the virus and the seriousness of the resulting
diseases have prompted epidemiological research on
the mode of viral transmission. Three: major routes of
viral transmission have been established: (1) mother-
to-infant transmission, mainly via breast-feeding
[Yamanouchi et al., 1985; Kinoshita et al.,, 1987}; (2)
sexual transmission, predominantly male to. female
[Tejima et al, 1982; Murphy et al, 1989); and (3)
transfusion by cellular blood components [Okochi
et al., 1984], Transmission of the virus via transfusion
has virtually been eliminated since the implementa-
tion of viral screening of donated blood in 1986 [Tkeda
et al, 1984; Inaba et al., 1989]; thus, transmission
today is mostly confined to the mother-to-infant and
sexual routes. Carriers of the virus are readily identi-
fied by screening for the anti-HTLV-1 antibodies, and

the most effective measure for the prevention of moth--

er-to-infant transmission is apparent (i.e., bottle feed-
ing). Hence, the xmplementatwn of strategles to

prevent transmission is considered a matter of both .

public health and public policy in endemic areas
[Hino, 2003). Although several local governments in
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southwestern Japan have implemented a screening
and consultation system, national guidelines for
HTLV-1 screening have not been created; the screen-
ing of pregnant women for the virus has been left to
individual gynecologists. The establishment of a pro-
gram for carrier management would be facilitated
by data on HTLV-1 prevalence rates and carrier num-
bers. To determine the current status. of HTLV-1
infection in Japan, the HTLV-1 carriage rate among
first-time blood donors during 2006 and 2007 was in-
vestigated, and the results were used to deduce the
number of carriers in the entire country. In combina-
tion with published data on population projections,
the results permitted an estimate of future changes in
the number of carriers.

MATERIALS AND METHODS
Screening for Anti-HTLV Antibodies

In Japan, blood centers of the Japanese Red Cross
(JRC) are the sole facilities authorized to handle blood

collection, testing, processing, and distribution. In,

1986, the JRC implemented an agglutination assay to
screen for the presence of anti-HTLV-1 antibodies
[Inaba et al, 1989]; use of this test continued until
2008. Prior to donation, all blood donors were
informed that donated blood would be tested for anti-
HTLV-1 antibodies. Blood donors examined in the
current study were first-time donors (i.e., donors who
have no record of blood donation for approximately
the preceding 10 years) who donated blood during the
2 years from January 1, 2006 to December 31, 2007.
Enrolling only first-time donors for the present study
precluded the recounting of seronegative donors. Sam-
ples that were positive by the agglutination assay
were subjected to a confirmatory test that employed
immunofluorescence staining of the target MT-2 cell
line [Miyoshi et al, 1981). Only donors who were
positive by the confirmatory test were included in the
present study.

Estimation of Number of Carriers

Current and prospective population statistics for
Japan were obtained from the vital statistics [Nation-
al Statistics Center, 2009a] published by the Japanese
Ministry of Health, Labour, and Welfare. The HTLV-1
prevalence rate among the first-time donors was
obtained for each category defined by age, sex, and
Prefecture. The number of HTLV-1 carriers in each
category was estimated by projecting the detected
prevalence rate to the population of that category.
The ages of blood donors were categorized by intervals
of 10 years. To deduce the carrier number for com-
bined larger categories, the estimated carrier num-
bers were summed for the respective categories.
Figures thus obtained are equivalent to those that are
adjusted for age, sex, and Prefecture.

For most of the analyses, the 47 Prefectures of
Japan were grouped into seven districts: Hokkaido,
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Tohoku, Kanto, Chubu, Kinki, Chugoku/Shikoku, and
Kyushu, However, the number of carriers in Hokkaido

.and Tohoku were combined for the purpose of compar-

ing changes in carrier numbers over the past two
decades. To assess the distribution of the mean preva-
lence rates among Prefectures, the seven districts
were grouped further into three larger regions, as
follows (see also the map in Figure 4): eastefn and
central Japan (consisting of the Hokkaido, Tohoku,
Kanto, and Chubu districts); western Japan (consist-
ing of the Kinki and Chugoku/Shikoku districts);
and southwestern Japan (consisting of the Kyushu
district). '

In Japan, the age of eligibility for blood donation
was 16-64 years during the study period. For simplic-
ity, the prevalence rate in the population in the 16-19
age category was assumed to correspond to that of the
population in the 15-19 age category. The prevalence
rates in the populations in the 0-4, 5-9, and 10-14
age categories were estimated by assuming that the
prevalence rates in these cohorts form an exponential
series with those of the 15-19, 20-28, 30-39, and
40-49 age categories. The correspondmg curve was
defined by the equation R, =Ry x e, where R,
and R, indicate the seropositivity rates at ages a and
0, respectively. The prevalence rate for the 10-19 age
category was derived by combining the prevalence for
the 15-19 age category with the estimated rate for
the 10-14 age category. Similarly, the rate for the 0-9
age category was deduced by combining the rates for
the 0—4 and 5-9 age categories.

The prevalence rate for the population in the 60-64
age category was assumed to correspond to that of the
population in the 60~69 age category. The prevalence
rates for the populations in the 70-79, 80-89, and
90-99 age categories were estimated based on the ob-
servation (1988 data) that prevalence rates increased
in an essentially linear fashion between 30 and
64 years of age [Hashimoto et al.,, 1991). Two decades
later, prevalence rates in the population aged 50- to
84-year old are expected to be equal to or higher than
that in the population aged 30-64 years observed in
1988.

Reevaluation of the Number of
Carriers Surveyed in 1988 .

In 1988, a nationwide survey was carried out
among blood donors to estimate the number of HTLV-
1 carriers in the entire country [Hashimoto et al.,
1991). That study screened for seropositivity among
all donors, not just first-time donors. However, data
were collected -only for donations made during a
1-month interval, which should have precluded data
from repeated donations. In addition, at the time of
that study, donors were not yet being notified of their
HTLV-1 status, meaning that seropositive donors
could continue donating blood. Prevalence rates obtained
under these conditions (Table I) were regarded as
equivalent to the rates expected for first-time blood
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TABLE I. HTLV-1 Prevalence Rate Among Blood Donors in
1988 [Hashimoto et al., 1991}

Age categories  16-19  20-29 30-39 4049 50-64

Hokkaido

Male 0.17 0.47 0.63 0.83 0.83

Female 0.26 0.29 0.68 1.35 1.25
Tohoku

Male 0.29 0.23 0.52 0.97 0.93

Female 0.23 0.33 0.59 0.84 1.17
Kanto

Male 0.16 . 028 0.5 0.65 0.83

Female 0.15 0.29 0.59 0.84 1.21
Chubu

Male 0.16 0.29 0.31 046 0.48

Female 0.19 0.36 0.57 0.86 0.84
Kinki

Male 0.16 0.43 0.8 1.05 1.14

Female 0.35 0.52 113 1.47 1.84
Chugoku

Male 0.08 0.39 0.53 0.87 0.88

Female 0.22 0.3 0.71 091 1.36
Shikoku

Male 0.26 0.5 0.61 0.68 1.23

Female 0.29 0.46 1.29 1.03 1.82
Kyushu :

Male 0.75 144 2.69 3.71 521

Female 0.93 138 2.99 5.05 7.65
‘Whole country

Male 0.23 0.44 0.8 1.03 1.37

Female 0.29 048 1.01 143 2.1

The 50-59 years category is combined with 60-64 years category in
the 1991 study. Prevalence rates for the Chugokn and Shikoku
districts are shown separately. Values are shown as percentages.

.

" donors. Therefore, the 1988 survey estimated the total

number of carriers at approximately 1.2 million for
the entire country [Tajima et al., 1990]. There were,
however, no published estimates on the number of
carriers outside the eligible age range for blood dona-
tion. To addtess this issue, the numbers of carriers
under 16 and over 64 years were re-examined and the
analysis incorporated the assumptions described
above, namely an exponential rate increase under
16 years, and a linear rate increase over 64 years.

Statistical Analysis

Differences in the mean prevalence rates in Prefec-
tures among the three large regions were assessed
using the Mann~Whitney U-test. Differences in prev-
alence rates between sexes and between 1988 and
2006-2007 were assessed using the chi-squared test.
Unless otherwise indicated, a P-value of <0.05 was
considered significant.

RESULTS

From 2006 to 2007, the JRC blood centers accepted
1,196,321 blood donations from first-time donors. Of
the samples that tested-positive by agglutination
assay, 3,787 (0.317% of all the first-time donors) were
confirmed to be positive for anti-HTLV-1 antibody
using the immunofluorescence test. The prevalence
rates adjusted for age and sex were obtained for each
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Prefecture, and the maximum, minimum, and median
were derived for each of the three large regions de-
scribed above (eastern and central Japan, western
Japan, and southwestern Japan; Table II). The preva-
lence rates for Prefectures were significantly different
among the three large regions. As expected, preva-
lence rates were highest in southwestern Japan
(where HTLV-1 is endemic); additionally, prevalence
rates in western Japan were significantly higher than
those in eastern and central Japan (Table II).

The nationwide prevalence rate, adjusted for dis-
trict, is shown as a function of age in Figure 1. The
observed rate increased sharply with the age of the
donor. The difference in prevalence rate between
sexes was significant for donors in their 20s, 30s, 50s,
and 60s, and there was a trend toward increasing
differences between sexes in the elderly. For example,
the absolute prevalence rate differences between
sexes were 0.29% and 0.37% for donors in their 50s
and 60s, respectively; compare these values to differ-
ences of 0.05% and 0.06% for those in their 30s and
40s, respectively. Table III shows the age distribution
of prevalence rate for each district. As expected, the
highest rate was observed in the Kyushu districts
(southwest Japan). The two Prefectures with the
highest prevalence rates in the country were both
located in the Kyushu district; the corresponding
rates are shown in Figure 2. Notably, in both these
Prefectures, the prevalence rates among under 40
donors were <2%, with large increases among older
donors. For example, in one of the Prefectures
(Fig. 2A), the mean rate for all donors was 1.95%, and
the rates in the 60-64 age category were 14.0% and
8.7% for females and males, respectively. Thus,
almost 1 out of 50 first-time donors were positive for
the anti-HTLV-1 antibody in this Prefecture. For the
entire nation, the total number of carriers aged 15-64
years in the Japanese population was calculated to be
510,000; this value was obtained by summing the
total number of carriers from all districts.

The prevalence rates and the numbers of carriers in
the populations under 15 years and over 64 years of
age were estimated on the basis of the assumptions
described above. The distribution of the estimated
prevalence rate also is included in Table III; these
estimates are indicated in italics. The overall preva-
lence rates covering all age categories from 0 to

99 years were calculated as 0.66% and 1.02% for -

males and females, respectively (data not shown). By
summing up the projected carrier numbers within the
blood donor age categories and the estimated carrier
numbers outside the donor age categories, the total
number of carriers aged 0-99 in Japan was calculated
to be 1.08 million. This value was 10% lower than
that derived in the 1988 study. The nationwide distri-
bution of the number of carriers as a function of age is
shown in Figure 3 (closed triangles). According to our
analysis, carrier numbers are highest among
individual in their 70s, followed by those in their 60s
and 50s.

J. Med. Virol. DOT 10.1002/imv
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TABLE II. Mean Prevalence Rates Among Blood Donors (2006-2007) by Region

Districts included
Region (number of Prefectures included) Min. Max. Med.
Eastern and Central Japan® Hokkaido (1), Tohoku (6), Male 0.04 0.26 0.11
Kanto (9), Chubu (8) Female 0.04 0.32 0.15
Total 0.06 0.26 . 0.13
Western Japan® Kinki (6), Chugoku/Shikoku (9) Male 0.05 0.41 0.25
- Female 0.09 0.53 0.30
Total 0.10 0.45 0.27
Southwestern Japan® Kyushu (8) Male 048 2.01 0.93
Female 0.83 243 1.29
Total 0.62 1.95 1.07

Resianal

(Max.), and median (Med.) of pr

rates in P are shown (%), with the whole country

i (Min.), i
divided into three regions as indicated. Note that the Niigata and Yamanashi Prefectures are included in the Kanto district.
*Statistically signif Jiffe A

Mann~-Whitney U-test).

Comparison of country-wide prevalence rates be-
tween 2006 and 2007 and 1988 (bottom rows of Tables
I and III) revealed that the 1988 rates were signifi-
cantly higher than the 20062007 rates for both sexes
in all donor age categories, that is, for donors aged
16-19, 20-29, 30-39, 4049, and 50-64 years of age
(P < 0.01; chi-squared test). The 1988 prevalence
rates for those under 15 years and over 64 years of
age were estimated using  the methods described
above, and the numbers of carriers in 1988 were
deduced for all age categories. In Figure 3, the carrier
numbers derived from the 1988 data (open circles) are
overlaid with those derived from the 2006 to 2007
data. For the 1988 values, the carrier numbers form a
roughly symmetrical curve, with values peaking for
individuals in their 50s. Over the course of the subse-
quent two decades, the curve shifted to the right (i.e.,
skewed older). By 2006-2007, the number of carriers
over 70 years of age had increased by 69% (178,000),
whereas the number ¢f carriers under 60 years of age
had decreased by 50% (405,000).

180 —
1.60 2

.40 / -

P
e /7
030 / / ~—male

-o-female

0.60
0.40

0.20 -J
P
0.00 T T T <

16-19  20-29% 3039 4049 50:59* 60-64*
Donor Age Range (years)

Percent HTLV-1

AN

Fig. 1. Anti-HTLV-1 antibody prevalence rate among Japanese
blood donors as a function of donor age. Prevalence rate was normal-
ized by district population. Prevalence rates (%) of the anti-HTLV-1
antibody are plotted as a function of donor age range in males
(closed diamonds) and females (open circles). Exact figures for the
prevalence rates in each age and sex categories are derived from the
bottom row of Table III *Statistically significant difference between
sexes (P < 0.05; chi-squared test).
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in p: \! rate among the three regions (Eastern/Central vs. Western vs. Southwestern; P < 0.05;

Figure 4 depicts the changes in the total carrier
numbers over the past two decades in relation to
geography (district). Nationwide, the carrier number
had decreased by 10% since 1988. The largest decreases
were seen in the Hokkaido/Tohoku, Kyushu, and
Kinki districts, which exhibited decreases of 44%,
19%, and 16%, respectively. Together, these three dis-
tricts were calculated to have 208,000 fewer carriers
by 2006-2007. On the other hand, the number of
carriers increased by 46%. (60,000 more carriers) in
the Kanto district and by 41% (24,000 more carriers)
in the Chubu district.

By using published data for population forecasts,
and assuming that the Japanese population will age
while maintaining its current HTLV-1 prevalence
rate, both carrier number and the age distribution of
carriers in the future was predicted. The analysis
suggested that the number of carriers will decrease by
approximately 2.5% each year, potentially reaching as
low as 560,000 (a twofold decrease) by 2027. The
projected age distribution of carriers is shown in
Figure 5. It is predicted that the peak of the number
of carriers will continue to be observed among individ-
uals in their 70s, whereas the number of carriers in
their 50s and 60s will decrease markedly.

DISCUSSION

"Japan is one of the few developed countries with a
high prevalence rate for HTLV-1 carriage. The coun-
try is thus in a unique position to establish the scien-
tific basis for medical intervention and public policy
for prevention and cure of HTLV-1l-related diseases.
There has, however, been no nationwide survey of
HTLV-1 carriage in Japan since 1988, although sever-
al intensive screening tests have been performed for
local residents and patients or pregnant women at
medical facilities {Tajima et al., 1990; Morofuji-Hirata
et al.,, 1993; Mueller et al., 1996; Taylor et al., 2005].
Our data not only clarify the current status of HTLV-
1 in Japan but also reveal epidemiological changes in
the carrier status over the past two decades.

HTLV-1 prevalence rate and the number of HTLV-1
carriers often have been deduced from the results of
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TABLE III. HTLV-1 Prevalence Rate in 2006-2007 in All Age Categories

Age categories 0-9 10-19 16-19 20-29 30-39

4049 50-59 60-69  70-79  80-89  90-99

Hokkaido
M 0.04 0.08 0.09 0.17 0.15 0.49 0.54 0.70 0.72 082 - 0892
F 0.02 0.04 0.04 0.18 0.10 0.46 0.79 113 1.14 137 162
Tohoku
M 0.03 0.05 0.06 0.11 0.10 0.29 0.38 1.52 1.13 1.33 1.53
F 0.02 0.04 0.05 0.13 012 0.41 0.48 1.20 122 147 172
Kanto
M 0.03 0.05 0.06 0.10 0.09 0.28 0.61 0.87 0.90 1.06 1.22
F 0.02 0.05 0.05 0.09 0.14 0.37 0.65 0.80 122 1.53 1.84
Chubu
M 0.03 0.06 0.07 0.13 0.13 0.35 0.43 0.51 0.55 0.64 0.72
F 0.03 0.05 0.06 0.13 028 0.39 0.80 0.39 0.97 1.10 124
Kinki
M 0.05 0.10 0.12 0.15 0.24 0.52 L11 1.38 1.46 1.63 1.80
F 0.05 0.08 0.10 0.19 0.27 0.65 1.51 1.73 216 2.51 2.86
Chugoku/Shikoku .
M 0.05 0.10 0.11 0.21 0.17 0.40 0.66 100 115 1.37 1.59
F 0.04 0.07  0.09 0.19 0.22 0.32 0.87 0.98 1.21 1.37 1.53
Kyushu
M 0.19 0.35 0.41 0.55 1.00 232 3.40 5.04 6.23 7.49 8.75
F 0.20 0.37 044 0.74 0.95 2.18 4.28 7.34 944 11.77 14.10
Whole country
M 0.06 0.10 0.12 0.17 0.22 0.57 0.97 1.29 1.59 1.92 2.19
F 0.05 0.09 0.11 020 0.27 0.63 1.26 1.66 2.36 2.96 348

Figures for the 16-19 age category were derived from screening data and are indicated in non-italicized font; figures for the 10-19 age
category were derived from the combination of screening data (for 16-19 years) and deduced data (10-15 years), and are indicated in
italicized font. For the prevalenee raf.e for the 60-69 age category, values for the 60-64 age category were used. Figures are shown as

pert ; italics indi A figures.

screening of local residents or patients. However,
such surveys are of limited use for estimating figures
for a larger population, either because of small popu-
lation size, geographic focus, or skewing due to the
underlying bealth status of the population examined.
In this regard, the population of voluntary blood
donors has been an appealing alternative for the
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Fig. 2. Age distribution of HTLV-1 p \! rate in Prefecth

estimation of the prevalence rate of asymptomatic dis-
eases or carriage status; a large amount of data could
be obtained from otherwise healthy individuals and
from almost all areas of the country with a relatively
even sampling rate. It is essential in a bléod donor-
based study to obtain data from first-time donors who
have not been screened for the disease marker, thus
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Fig. 3. Age distribution of HTLV-1 carriers estimated for 1988

and 2006-2007. Number of HTLV-1 carriers are shown for the
respectwe age ranges in 1988 (open circlés) and 20062007 (closed

A and B in Kyushu district. Prevalence rates (%) of the anti-HTLV-1
antibody are plotted as a function of donor age range in males
(closed triangles) and females (closed circles). Prefectures A and B
were selected because these Prefectures have the highest mean
prevalence rates in Japan.

For the age categories between 20 and 59 years, carrier
numbers were based on the results of blood donor screening; for the
age categories 0-9 and 70-99 years, numbers were deduced from the
assumed prevalence curve; for the age categories 10-19 and 60-69,
numbers were derived from a combination of screening data and
deduced data.
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For this analysis, Japan was divided mto six districts, such that the Hokkaido and Tohoku districts
were combined, and the Niigata and Yamanashi Prefectures were included in the Kanto district.

reducing the chances of bias (e.g., repeated donation
by marker-negative donors). This strategy makes it
possible to project the obtained data to the general
population.

Despite the exclusive use of first-time donors, our
data set may still provide skewed conclusions, partic-
ularly in the study of HTLV-1. First, people diagnosed
with HTLV-1-related diseases, and HTLV-1 carriers
identified during the screening of pregnant women,
are unlikely to be blood donors, but nonetheless
should be counted as seropositives. Second, family
members of patients with HTLV-1-related diseases
and of HTLV-.1 carrier women are less likely them-
selves to be blood donors. Third, blood donors are typi-
cally healthier than the general population, including
a reduced likelihood of HTLV-1-associated illnesses
[Atsma et al., 2011). All of these factors would render
the observed (donor) HTLV-1 prevalence rate lower
than the actual value. Thus, the results of this study
represent a lower estimate of HTLV-1 prevalence. In-
deed, most studies on HTLV-1 prevalence rates
obtained from the screening of local inhabitants,

J. Med. Virol. DOI 10.1002jmv

pregnant women, or hospital patients suggest higher -
prevalence rates than those seen in blood donor-based
studies {Hlela et al., 2009; Koga et al., 2010). In addi-
tion, although young first-time donors may be repre-
sentative of their age group, the first-time donors in
older cohorts are less likely to be representative,
because older individuals donate blood after self-
selection and medical exclusion as described above;
the motives for blood donation also will differ between
such groups. These distinctions make it difficult to
evaluate prevalence rates evenly between younger
and older donors. Nonetheless, our analysis provides
key prevalence data in terms of sample size and geo-
graphic range, potentially permitting regional and
even international comparisons.

Combining the prevalence rate deduced from donor
measurement and the rate estimated from the theo-
retical curve, the overall prevalence rates covering all
age categories were calculated to be 0.66% and 1.02%
for men and women, respectively. The total number of
HTLV-1 carriers in Japan was estimated to be 1.08
million, of which 0.51 million were derived from the
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Fig. 5. Projected age distribution of HTLV-1 carriers over the
next two decades. Age distribution for HTLV-1 carriage is projected
at 5-year intervals for the next 20 years, from 2007 (bold solid line)
through 2027 (bold broken line).

blood donor age categories. As noted above, these val-
ues are likely to represent lower limits: while the
prevalence rate among people over 64 years of age
was estimated based on the assumption that the rate
increases linearly from 40 years of age, empirical
results indicate that the increase in the rate becomes
greater as the population ages.

Aside from transfusion-related transmission, hori-
zontal transmission of HTLV-1 is believed to occur
predominantly from men to women through sexual
contact [Kajiyama et al., 1986; Murphy et al., 1989).
In fact, it may be possible to estimate horizontal
transmission rates based on our data, by comparing
the prevalence rates between the first-time donors in
an age category in 1988 to those in the respective
(20-year older) age category for 2006-2007. Such an
analysis, however, risks the drawing of a skewed
conclusion because of multiple assumptions needed to
calculate the rate. Indeed, discordant results about
sexual transmission have been reported even within
cohort studies (Iga et al., 2002; Roucoux et al., 2005].
In the setting of blood donation, determination of the
horizontal transmission rate would require following
a large number of blood donors for several decades so
as to track HTLV-1 seroconversion.

Most women under 30 years of age, and a consider-
able proportion of women in their 30s, are potential
childbearers. The analysis suggests the existerice of
approximately 30,000 carriers among Japanese wom-
en in these age categories. Assuming that the total
fertility rate in Japan is 1.32 [National Statistics
Center, 2009b] and that the mother-to-infant HTLV-1
transmission rate is 20% [Nakano et al, 1986;
Sugiyama et al., 1986; Wiktor et al., 1993], it is calcu-
lated that 7,900 children born to carrier mothers
will be infected with HTLV-1 in the absence of future
interventions to prevent mother-to-infant transmission.

Although the number of carriers 0-99 years of age
decreased by 10% over the past two decades, the most
remarkable change during that time was the aging of
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the carriers, as revealed by the rightward shift of the
curve in Figure 3. Particularly noteworthy was the
increase in the number of carriers over 70 years of
age: this age category constituted 258,000 (22% of all
carriers) in 1988, as opposed to 436,000 (40% of all
carriers) in 2006-2007. Most likely, this aging of
HTLV-1 carriers was a “birth cohort effect,” wherehy
the high-prevalence cohort (those born 1930-1960)
ages, while younger cohorts (those born after 1960)
have lower prevalence rates. In addition, the exten-
sion of Japanese lifespan seems to have augmented
the trend toward the carrier aging; the average life-
span of the Japanese has extended by 4 and 5 years
for men and women, respectively, over the past two
decades [Ministry of Health, Labour, and Welfare,
20091. :

The geographical distribution of HTLV-1 seropreva-
lence among blood donors was highly variable, rang-
ing from 0.06% in a Prefecture in eastern Japan up to
1.95% in a Prefecture in Kyushu. The carriers in the
Kyushu district accounted for 45.7% of all carriers de-
duced for all age categories (0-99) in Japan. Changes
in the distribution of carriers (0-99) over the past two

decades revealed increasing numbers of carriers in -

the Kanto district, which includes the greater metro-
politan Tolyo area, and in the Chubu district. In part,
this pattern can be explained by the movement of pop-
ulation from northeastern and western Japan to the
metropolitan and central areas. Over the past two
decades, nationwide population rose 4.1%. During this
interval, the population rose by 9.2% and 5.6% in the
Kanto and Chubu districts, respectively, whereas
population has decreased by 1.8% in the Hokkaido/
Tohoku district or increased only marginally (1.1%) in
the Kyushu district [National Statistics Center,
2009c¢]. Clearly, the carrier population has redistrib-
uted along with the movement of the general popula-
tion. These results reveal that the prevention of
HTLV-1 transmission is not an issue limited to the
Kyushu district, but is now a challenge for the entire
country.

On the basis of population projections, the changes
in the number of HTLV-1 carriers were estimated for
the next two decades. Although the number of car-
riers is expected to decrease by 50% in the next two
decades, the age-based skew of the carriers is
expected to become more prominent, with the peak
number of carriers continuing to be those in their 70s.
Accordingly, the population of adult T-cell leukemia
patients is expected to become older. Since the con-
ventional treatment strategy is inapplicable for these
patients [Hermine et al., 1998; Tsukasaki et al., 2009;
Tanosaki and Tobinai, 2010}, this shift will represent
a new medical challenge.

In conclusion, the study indicated that the number
of HTLV-1 carriers in Japan is currently 1.08 million
at the minimum, and that the carriers.are distributed
throughout the country. Intensive discussion and
nationwide surveys will be needed to identify carriers,
to educate seropositive individuals on the prevention
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of mother-to-infant transmission, and to establish a
consultation system for these people. Although the
carrier number is expected to decrease by half in the
next two decades, carrier population will age along
with the general population. It is essential to estab-
lish a novel consensus regimen for the care and treat-
ment of elderly patients with HTLV-1-associated
diseases.
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in milk yield being observed in cattle and smalt livestock. Epidemiological, immunological and microbiological investigations

are ongoing in Germany and the Netherlands. According to health authorities in Germany and the Netherlands, further cases in
cattle and small livestock can be expected.

Previously, genetically similar orthobunyaviruses have not caused disease to humans. Therefore, it is unlikely that this virus would
cause disease in humans, but it cannot be excluded at this stage. ECDC is urging close collaboration between animal and human
health services to ensure rapid detection of any change of the epidemiology in animals and humans. It is also recommending, in
particular, that the health of farmers and veterinarians in close contact with potentially infected animals is carefully monitored.

The full risk assessment New Orthobunyavirus isolated from infected cattle and small livestock — potential implications for
human health can be accessed at http://ecdc.europaAeu/enlpublications/Publications/Forms/ECDC_DispFonn.aspx?ID=795.
[Source: ECDC News, 23 December 2011. hitp://ecdc europa.ew/EN/PRESS/Pages/index.aspx)

CMO’s annual report 2010

46/0104 Action to improve the nation’s health is proving effective but obesity, poor diet and excessive alcohol consumption
continue to cause unacceptable levels of ill health, according to the sixth annual report from Scotland’s Chief Medical Officer.

The report also notes that infections continue to be 2 major public health problem in Scotland. Its final chapter summarises
significant trends in the incidence of the main communicable diseases of public health importance in 2010, as well as reviewing
progress in Scotland in the management of two significant conditions namely tuberculosis and Escherichia coli O157 infections.

The CMO’s report can be accessed at hitp:/Avww.scotland.gov.uk/Publications/2011/12/1412093 10, [Source: Scottish Government
News Release, 14 December 2011. http://Awww.scotland. gov.uk/News/Releases/2011/12/ 14091444}

Pet Travel Scheme

46/0105 Pet travel rules changed on 1 January 2012 when the UK. brought its procedures into line with the European Union.
From this date all pets can enter or re-enter the UK from any country in the world without quarantine provided they meet the
rules of the scheme, which will be different depending on the country or territory the pet is coming from.

The Pet Travel Scheme has been successfully operating across Europe since 2004, and will allow the UK to maintain high levels

of protection against animal disease whilst bringing it into line with scientific advances and updating a system first devised in
the 1800s. )

All pets will still need to be vaccinated against rabies and dogs must be treated for tapeworm, with important checks still being
performed before animals are allowed to enter the UK. The scheme could however save UK pet owners around £7 million in

fees - around £100 in vet fees per person travelling inside the EU and up to £2,500 in quarantine fees for those travelling outside
the EU.

Further information on the new pet travel scheme can be found at http:/fwww.defra.gov.uk/pets. [Source: Defra News Release,
30 December 2011. http://www.defra.gov.uk/news/2011/12/3 O/new-rules-will-make-it-easier-to-travel-with-pets/}

XMRYV and implications for blood donation

46/0106 Following a request from the European Commission, the European Centre for Disease Prevention Control (ECDC)
produced in July 2011 arisk assessment on the possible implications of xenotropic murine leukaemia virus-related virus (XMRV)
on blood donation. Areview of the published literature at the time showed that there was not enough evidence to reliably assess
the potential role of the virus in human pathology.

Many gquestions remain regarding the possible prevalence of XMRV in the human population, the incidence of XMRYV in cases
of chronic fatigue syndrome (CFS) and the extent of genetic variation between XMRV isolates. Although it is theoretically
presumed that XMRV could be transmitted through blood transfusion, no such transmission event has been identified, and there
is no known evidence of XMRV infection, related illness or disease in transfusion recipients. XMRV may represent another
emerging infectious agent that poses a risk to transfusion safety, and as with other agents, it is imperative that the action taken

" to ensure blood safety is swift and effective, yet based on the best available science. Currently, the scientific data are incomplete

and conflicting. The assessment concludes that it seems likely that the findings in two studies on XMRV and murine leukaemia
virus in CFS patients were due to laboratory contamination, and the majority of the evidence favours the conclusion that there
is no causal relation between XMRYV and CFS: With the development of validated assays, additional data will become available
in the near future which will help inform decisions on blood donor eligibility and screening,

The full risk assessment can be accessed at http://ecdc.europa.eu/en/publications/PuBlicatious/ 111222_TER_Risk-assessment-

XMRV-implications-for-blood-donation.pdf. {Source: RCDC News, 20 December 2011. http://ecde.europa.eu/en/press/news/
Pages/News aspx)
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CDC Warns of New Swine
Flu Straln

No. 12
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" U.S. health officials remain on the alert for additional cases of a new gwine flu
(http://www.cde.gov/hinaflu/)strain that infected three Towa children this

month.

Since July, 10 Americans have been sickened by S-OtrH3N2 viruses that

By
4

=P

-
[

Z&i

V5% EHE

0% ER
L20%FRTE

L 25%EFE

20
25

\
S
X
2
B
-~
N
X
-~
i~
Ry
N
X
-
N

MedDRA/J Ver.14.1J

- ERAEDEEEER
ZOMSEERS

12.5g/250mL
Ry FETNT
MEEFEEE TS
ABIIECIBS

4g/20mL
12.5g/20mL

HAFTNVT
Rt+FTNT
FR+FTNT

10g/50mL

picked up a gene from the 2009 H1N1 swine flu pandemic, the federal

Centers for Disease Control and Prevention reported. The new flu strain : -’Q\\ P
combines a rare influenza virus (H3N2) circulating in North American pigs " Y 'ﬁ
and the HiN1 virus from the 2009 outbreak. New flu strains develop when flu : : 4 A 22
viruses combine in new ways. They can pose health risks because people : s °<

sy |FRTFETAT

By oEs

haven’t yet developed immunity to them.

AP

Of the other seven cases of the new swine flu, three occurred in Pennsylvania,
two in Maine and two in Indiana, the CDC reported in a Wednesday dispatch
inits Morbidity and Mortality Weekly Report
(http://www.cde.gov/mmwr/preview/mmwrhiml/mméodii23a1.htm?
s_cid=mm60d1123a1 w). In all of those cases, either the patients or close
contacts had been recently exposed to pigs

hitp://www.flu.gov/indivi ily/a nimal/index. #prof C
The lack of pig exposure in the three newest cases suggested that the new -
virus may involve limited person-to-person contact. As part of routine
preparedness to counter pandemic threats from new flu viruses, CDC said it
had developed a “candidate vaccine virus” that could be used to make a
human vaccine against S-OtrH3N2 viruses and has sent it to vaccine
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One of the three Jowa children, a previously healthy girl referred to as Patient
A, became sick during the second week of November. Her doctor tested her as
part of routine surveillance and sent a respiratory sample to the Iowa state
laboratory for further analysis. Patient B, a boy, developed a flu-like illnesses
two days after the Patient A became ill. A day after Patient B became sick, his
brother, Patient C, also became ill. Both tested positive for swine flu. All three
children had attended the same small gathering on the first day Patient A was
fellill
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After a detailed investigation, Iowa epidemiologists determined that the a9 ~A
gathering was the only common link among the three children’s ilinesses. Ry ﬁ #
None of their families had recently traveled or attended community events, + f’l{‘_ + ;:;
and none of the three or their families had been exposed to pigs, accordsng to ﬁ % ?‘E %
the CDC. N %ﬁ o Lj,
{24 <3
Eight days after Patient A became ill, Iowa state laboratory testing indicated '[\ %A § —E] E g
the three might have S-OtrH3N2 influenza, The CDC subsequently confirmed g{ g_ f}_ Ez s % &
the three youngsters had that strain, which included the so-called matrix (M) [N g 5 E Eﬂ
gene from the 2009 HiN1 pandemic. The new flu strain is résistant to two jﬁE ﬁﬁ gﬁ oy
commonly used antiviral drugs, ri idine and tadine, but based upon H |zzx 2RR
their genetic structure, would likely respond to osteltamivir (Tamiflu) .< S’ S‘ ,‘{’; S S‘ N
(ttp://wvww.nchinlm.nih.gov/pubmedhealth/PMH0001054/ and RRRRRN
ivir (Relenza 22333
(http://www.nebi.nlm.nih.gov/pubmedhealth/PMH0001046/). ‘E 1;; {": {R ﬁ* &:
e e e
CDC scientists said they expected this years’ seasonal flu vaccine to provide RisREkE
adults with limited protection from the new flu virus, but that it wouldn't help ﬁ
children. They recommended that doctors who suspect swine flu infections in T = a
their patients treat them with Tamiflu where appropriate, obtain nose and N ﬂﬂ ﬁ‘
throat specimens and send them to a state public health labs, which should " ﬁ o} #K
report them to CDC. CDC also encourages anyone who has contact with pigs i) " g S‘i‘
and develops a flulike illness to be tested. g afe =% I
= (M| B
%‘; B
wa
http://abenews.go.com/blogs/health/201 1/11/25/new-swine-flu-strain/
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In this update: Cases in various countries: Asia --- Pakistan (Lahore city and Punjab province) Pakistan (Karachi, Sindh

' province) Pakistan (Rawalpindi, Punjab province) India {Delhi and national) India (Churachandpur, Manipur state) India
(" il Nadu state) Taiwan (Kaohsiung) South Korea (South Gyeongsang province) Philippines {national) Philippines (Northern
M....anao) Pacific --- Marshall Islands Latin America --- El Salvador Brazil (national) Brazil (Rio de Janeiro, Rio de Janeiro

state) Brazil (Itheus and Itabuna, Bahia state) Brazil (Caraguatatuba, Sao Paulo state) Brazil (Campinas, Para state) Bolivia
(Amazon region)

*wkEXE Asia --- - Pakistan (Lahore city and Punjab province). 12 Nov 2011. Another patient fell victim to dengue virus on
Thursday [10 Nov 2011), mounting the total death toll to 306 in Lahore city. According to Health Department only 23 persons
with positive dengue symptoms in their blood reports were reported in Punjab during last 24 hours; out of them, 10 are from
Lahore. The total number of dengue patients in the Punjab has risen to 3678, out of them, 2498 belong to Lahore.
http:Mwww.thenews.com.p_kﬂe_vgsDetaiI.ésgx?ID=2@54&title=One-more-falls—prgy-to-dengue-fever

[A HealthMap/ProMED-mail interactive map of Lahore and Punjab province can be accessed at http://healthmap.org/r/1kdh. -
Mod.TY] ’

- Pakistan (Karachi, Sindh province). 12 Nov 2011. A total of dengue fever patients reached 717 in Sindh, while 9 new
patients were diagnosed dengue positive in Karachi on Friday [11 Nov 2011]. As per statistics of Sindh Dengue Surveillance
Cell (SDSC), a total of 847 patients were admitted at different hospitals in Karachi and of them 717 were found dengue
positive. SDSC reported that total 15 dengue patients had died in Sindh province of them 13 belonged to Karachi. Some 17

patients are still under treatment at different hospitals in the metropolis. http://www.dailytimes.com.pk/default.asp?
Page=2011%5C11%5C12%5Cstory 12-11-2011 pgl2 11 :

[ .ealthMap/ProMED-mail interactive ma

p of Karachi, Sindh province can be accessed at hitp://healthmap.org/r/1kc-. -
Mod.TY]

- Pakistan (Rawalpindi, Punjab province). 10 Nov 2011. Data revealed that the 3 teaching hospitals received less than 40
dengue fever suspects within past 3 days. Within 24 hours after Eid prayer on Monday [7 Nov 2011}, the allied hospitals
received 246 patients with fever at their dengue fever OPD [out patient departments] counters of which only 13 were
admitted in wards after being suspected as patients of the infection. Focal person for dengue fever at the allied hospitals, Dr
Javed Hayat, stated that the number of dengue fever suspects reaching allied hospitals is getting thin mainly because of the
onset of chilly weather, mgp,:j[www.thenews.com.Qk[TodaysPrintDetail.aspx?_lD:?GSQQ&Cat:_G&dt:11[10[201;

[A HealthMap/ProMED-mail interactive map of Rawalpindi

, Punjab province can be accessed at http://healthmap.org/r/1gVK.
- Mod.TY}

- India (Delhi and national). 11 Nov 2011. Hospitals in Delhi have diagnosed 15 new dengue cases in the past one day, thus
indicating that dengue has started ebbing in the city, MCD's [Municipal Corporation of Delhi] public health committee
chairman VK Monga said. "The total number of people affected by dengue fever this year [2011] has reached the 945 mark.
15 cases were reported in the past one day. Dengue cases are gradually showing a downward trend. Unlike earlier when 20
and more dengue cases were being reported in just 24 hours, now it is less,” Monga said. Over 10 000 dengue cases have
been detected in the country this year [2011]. According to Union health ministry figures, states like Sikkim, Manipur,
Nagaland, Himachal Pradesh, and Meghalaya have had no dengue cases this year. In contrast over 1000 dengue cases were
detected in Punjab, Orissa and Tamil Nadu. "Dengue can be fatal,” Monga said.
http://ibnlive.in.com/generalnewsfeed/news/chikungunya-cases-worrying-civic-authorities/8962 19. htm}

[The 9 Nov 2011 edition of IBN (httD://ibnlive.in.;:om/ eneralnewsfeed/news/10000-dengue-cases-in-
‘among-states/890746.htmi) reported that Punjab tops the list of affected states with 2016 den
cases in Orissa, 1398 in Tamil Nadu, and 963 in Kerala this year [2011].

-country-delhi-fifth-
gue cases, followed by 1793

http://www.oromedmail.ore/direct.ohn?id=20111114.3364

TfowcwTman |

A HealthMap/ProMED-mail interactive map of Delhi can be accessed at http://healthmap.org/r/igVL. - Mod.TY]

- India (Churachandpur, Manipur state). 9 Nov 2011. 5 new cases of dengue were reported in Churachandpur [district] even
as the district health officials struggled to contain the disease almost a month after the presence of its virus was confirmed
[in the district]. Excel Diagnostic Centre reported that 2 blood samples they received on Sunday [6 Nov 2011] tested positive
while all the 3 reports they received today [9 Nov 2011] from Babina Diagnostic Centre, Imphal were also found positive.
http://www.e-pao.net/GP.asp?src=4..101111.nov11

[A HealthMap/ProMED-mail interactive map of Churachandpur, Manipur state can be accessed at
http://heaithmap.ora/r/ipSI. - Mod.TY]

- India (Tamil Nadu state). 13 Nov 2011. So far in the current year [2011], 1634 persons were affected with dengue fever,
The samples of 8731 persons were tested for dengue fever. The number of people affected with dengue was high in border
areas (with Kerala state] such as Kanyakumari, Tirunelveli, Coimbatore, Dindugal, Theni, and Niigiris.
http://www.thehindu.com/news/cities/Madurai/article2622201.ece

[A HealthMap/ProMED-mall interactive map of Tamil Nadu state can be accessed at http://healthmap.org/r/imm2. - Mad.TY]

- Taiwan (Kaohsiung) 10 Nov 2011. The Kachsiung Department of Health (DOH) reported Thursday [10 Nov 2011] that a 69-
year-old man died of DHF earlier in the week, the 3rd death from the mosquito-borne disease fvirus] in the southern city this
summer [2011]. There have been 10 DHF cases reported in the city since June 2011, 8 of which involved people aged 55
years old or above. http://www.taiwannews.com.tw/etn/news content.php?id=1755090

[A HealthMap/ProMED-mail interactive map of Kachsiung can be accessed at http://healthmap.org/r/1gVP. - Mod.TY]

- South Korea (South Gyeongsang province). 10 Nov 2011. The Korea Center for Disease Control and Prevention on :
Wednesday [9 Nov 2011] said it cannot rule out the possibility that a 32-year-old woman from South Gyeongsang Province
[Gyeongsangnam-do], who was diagnosed with the virus in July 2011 was infected in Korea. It said it is testing mosquitoes
and finding out whether there are other patients. The woman fell ilt on 9 Jun [2011}, suffering fever, cold shakes, headache,
muscle ache, and a rash that spread to cover her whole body. She had spent a week in Indonesia, but her symptoms began
39 days after she came back, much longer than the average latency [incubation] period for dengue fever of 14 days.
http://english.chosun.com/site/data/htm] dir/2011/11/10/2011111001233.htmi

[A HealthMap/ProMED-mail interactive map of South Gyeongsang [Gyeongsangnam-da] province can be éccessed at
http://healthmap.org/r/1gVQ. - Mod.TY]

~ Philippines (national). 10 Nov 2011. The Department of Health [DOH] Dengue Surveillance Report showed that 97 158
dengue cases have been recorded from 1 Jan-22 Oct this year [2011). The DOH-National Epidemiology Center (NEC) said the
number is 36.87 percent lower than the 153 906 dengue cases during the same period last year [2010]. This year's 527
deaths were also lower than the 947 last year {2010}, Most of the cases came from Metro Manila (22 225), Central Luzon (19
995), the Calabarzon sub-region (13 746), and the Tlocos Region (12 754). http://www.malaya.com.ph/nov10/news6.htm!

[A HealthMap/ProMED-mail interactive map of the Philippines can be accessed at hitp://healthmap.org/r/1gle. - Mod.TY]

- Philippines (Northern Mindanao). 9 Nov 2011. A total of 1605 dengue cases were admitted in different hospitals in Northern
Mindanao during the 1st 10 months of 2011. This figure is 77.63 percent lower compared to the 7177 cases recorded in the
same period last year [2010], said Dr Jaime Bernadas, regional director of the Department of Health (DOH). Bernadas sa’
the ages of those afflicted by dengue ranged from less than one month to 90 years old, with the median age placed at 10..

years old. He said 56 percent of those afflicted with dengue were males. http://www.sunstar.com.ph/cagayan-de-oro/local-
news/2011/11/09/dengue-cases-northern-mindanao-drops-first- 10-months-189671

{A HealthMap/ProM

ED-mail interactive map of'Northern Mindanao can be accessed at http://healthmap.org/r/1qVR. -
Mod.TY] : . .

Pacific --- - Marshall Islands. 10 Nov. 2011. There have been more than 250 confirmed cases of dengue fever in the Marshall
Islands, according to Pacific Network, an information sharing network affiliated with the World Health Organization. According
to the network, 68 people have been admitted to a Marshall Islands hospital, but there have been no deaths.
http://www.guampdn.com/articte/20111110/NEWS01/111100309

A HealthMap/ProMED-mail interactive map showing the location of the Marshall Islandé in the South Pacific can be accessed
at http://healthmap.org/r/1gVS. - Mod.TY]

Latin America --- - El Salvador. 11 Nov 2011. The Ministry of Health reports 6163 cases of classical dengue fever and 138 of

DHF to date, with 7 deaths. http://www.diariocolatino.com/es/20111111/nacionales/97320/Dengue-es-una-enfermedad-
endémica-en-el-pa%C3%ADs.htm [in Spanish, trans. Mod.TY]

A HealthMap/P;—oMED-mail interactive map of El Salvador can be accessed at hitp://healthmap.org/r/1kd0. - Mod.TY]

- Brazil (national). 13 Nov. 2011. Brazil is again on alert against dengue to avoid the 7th epidemic of the disease. The 1st
case was registered in 1895 and the large epidemics up to now occurred in 1982, 1986, 1998, 2002, 2008, and 2010. In the
1st 9 months of 2011, more than 700 000 cases were registered, with a decline occurring between January and February of
24 percent compared with the previous year [2010]. [Dengue] deaths were also reduced 25 percent and serious cases

http://www.promedmail.org/direct.php?id=20111114.3364
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declined 40 percent. Most of the dengue cases were registered in the southeastern region, with 47.6 percent, followed by the
northeastern region with 25.6 percent, the northern region with 15.7 percent, and the central-western region with 6.2
percent, and in last place the southern region with 4.8 percent of the national total. http://www.noticiasbr.com.br/brasil-
esta-alerta-contra-a-dengue-29154.htmi [in Portuguese, trans. Mod.TY]

A HeaithMap/ProMED-mail interactive map of Brazil can be accessed at bttp://healthmap.org/r/init. - Mod.TY]

~ - Brazil (Rio de Janeiro, Rio de Janeiro state). 10 Nov 2011, Since the beginning of this year [2011}, the Rio de Janeiro

municipality has had 130 dengue deaths. http://radicitaperunafm.com/site/2011/11/10/mobilizacao-contra-a-denque-em-
itaperuna/ [in Portuguese, trans. Mod.TY]

[A HealthMap/ProMED-mail interactive map of Rio de Janeiro city, Rio de Janeiro state can be accessed at
http://heaithmap.org/r/1gJg. - Mod.TY]

- Brazil (Ilheus and Itabuna, Bahia state). 10 Nov 2011. Iiheus municipality registered nearly 1800 dengue cases this year
[2011]. The other municipality that runs the risk of a dengue epidemic is Itabuna, with neighborhoods with indices of [vector
mosquito] infestation over 30 percent and more then 500 registered dengue cases.

http://www?2.uol.com.br/aregiao/2011/11/entry 5603.html
[A HealthMap/ProMED-mail interactive map of Bahia state can be accessed at http://healthmap.ora/r/1gVT. - Mod.TY}

- Brazil (Caraguatatuba, Sao Paulo state). 9 Nov 2011, From January to 8 ‘Nov 2011, the municipality registered confirmed
1157 cases of the disease and 2365 reported [suspected] cases. http://www.vnews.com.br/noticia.php?id=107634 [in
Portuguese, trans. Mod.TY]

[A HealthMap/ProMED-mail interactive map of Caraguatatuba, Sao Paulo state can be accessed at
b {/healthmap.org/r/1gVU. - Mod.TY]

- Brazil (Campinas, Para state). 9 Nov 2011, This year [2011] there were 3010 dengue cases, versus 2647 last year [2010].
One person died of the-disease in 2011. "We have dengue cases every week," said the coordinator of the Municipal Dengue
Control Program, Andre Ribas Freitas. The most critical months are March and April.
http://diariodopara.diarigonline.com.br/N-145548-CAMPINAS +DEVE + TER + EPIDEMIA+DE+ DENGUE+EM+201 2. html [in
Portuguese, trans. Mod.TY]

[A HealthMap/ProMED-mail interactive map of Campinas, Para state can be accessed at http://healthmap.ora/r/19li. -
Mod.TY] ’

- Bolivia (Amazon region). 9 Nov 2011, In Bolivia there are now 47 dead from a dengue outbreak and 7094 affected (by the
infection]. The Amazon region is the most affected. According to official data, 16 people died of the disease in Beni
fdepartment -- state or province equivalent], 3 In the La Paz department, 1 in Cochabamba, and 27 in Santa Cruz. Also, 60
percent of the fatal victims are children and adolescents -- the most vuinerable [cohort].
bttp://www.infobae.com/notas/616093-Bolivia-47-muertos-por-nuevo-brote-de-dengue.htmi [in Spanish, trans. Mod.TY]

[A HealthMap/ProMED-mait interactive map of the-Amazon region of Bolivia can be accessed at http://healthmap.org/r/1mke.
- Mod.TY] .

Sée Also

Dengue/DHF update 2011 (44) 20111108.3320
Dengue/DHF update 2011 (43) 20111101.3242]

................................................. sb/dk/ty/mj/mpp

©2001,2008 International SoE:iety for Infectious Diseases All Rights Reserved.
Read our privacy guidelines. Use of this web site and related services is governed by the Terms of Service.

hitn:/ /waanar nrnmadmail are/divact nhn?2id=20111114 22R4

BERE2 -1

RERES

MRBE

[ =]
]3]

e
o
®
2
=
]
W
= B
B S i
g g | &
" B QY
£ 8 2|&
e meBE<REEE ok
for o HwE oMK RW & %
& gNPeR O NE ®HE ,
O B oM Sie B s DN 8
Q ol O ¥ S mEEXECEES EH
% #la T ~ S OEKiw . HRNE
ol BopnEH] p R IR g E
g 2 @BY  qgzhws 0 2 U
ol E g SdisfRaw b i 2
= T Ry IENERKE ||V
a n x Hu @@ ) 2 | SlERD
z S A FENRwKE MY ol B
8 v .o ERME | onEB \gHDR
: ki D W ZHXe L) EE TR
@ om = oS LilayiR® g
© ZEn 1y Pﬁs@lﬂf\l@ﬂ LMW
k=g88 8 | D UEEaxZ3ax | VAR
< SgasEss | ¢ e BE XN E N Hom
B oylRosPER w o REENAE & o om
| mlgBEZ 82 O [ YA NP A R A
® A0 sH 2 B mog%mgﬂé-ﬂgﬂ B
BI5585E S SIS SRR gl
BIEosES @ TN IR GBS gy
> N> J'\H;;R\’L\iEU"‘g—\E{RS
oK BoySendegdod Mo orae
m " gREZO2 02 g®peH IgReLN
n | FOW N PELEEEE PR T
4 p ~ &5 ¥ B . ¥
R« ®n ! V-3 Tom L o 8
Fleoxm AT RS ¥ IR It I
' Gprmtd e Redf FacSi
= |m mEE Y E g 8N ¥ Ggoobe
| BEOOERN YR RN <y
2 |+~ Mg pEap<omE3 lgnofy
= PN ﬁigmi*ismkmﬁmm,—\) 154&‘&@1’;0
# Bozmbh . BagRKY Y|P <bge
[ P 2 QA S 3
< 8 = & n_|__|>+Kb,""l|E Lo &
= Yl s + ':'2 ]'<¥£<"—']-U 2@ A
EA SNl zRESMacc@adEmuliats
Dok H % Qﬁ“ﬂﬁﬁﬁlgﬂffﬁﬁmxsgmg
£ R EEmouag < [EnfSEosp
B ~ ErEs<c- ook &< [ENTURE
B ole o AwmEZguaNdEn M, S ug
2 | & |LESE=cEE N RTE |EaxEiE
. N>} g d i S > 1
v |8 SIiEECPEMEL A (Y (EUONER
| ‘gg B ERE 1d S UHET wED gﬁgﬁ@%@
= A .
# B swmscumK ¥ Sous

MedDRA/J Version(14.1)




VECTOR-BORNE AND ZOONOTIC DISEASES
Volume 00, Number 00, 2011

© Mary Ann Ligbert, Inc,

DOI: 10.1089/vbz.2011.0758

DRL2011-001

11089 9
110843

Person-to-Person Transmission of Severe Fever
with Thrombocytopenia Syndrome Virus

Yan Liu“** Qun Li®* Wanfu Hu2 Jiabin Wu2 Yubi Wang,’ Ling Mei® David H. Walker! Jun Ren?
Yu Wang? and Xue-Jie Yu'

Abstract

Severe fever with thrombocytopenia syndrome (SFTS) is an emerging infectious disease caused by a newly
discovered bunyavirus, SFTS virus (SFTSV), and causes high fatality (12% on average and as high as 30%). The
objective of this study was to determine whether SFTSV could be transmitted from person to person. We
analyzed sera of 13 patients from two clusters of unknown infectious diseases that occurred between September
and November of 2006 in Anhui Province of China for SFTSV antibody by indirect immunoflucrescence assay
and for SFISV RNA by RT-PCR. We found that all patients (n=14) had typical clinical symptoms of SFTS

including fever, thrombocytopenia, and leukopenia and

all secondary patients in both clusters got sick at 6-13

days after contacting or exposing to blood of index patients. We demonstrated that all patients in cluster 1
including the index patient and nine secondary patients and all three secondary patients in cluster 2 had
seroconversion or fourfold increases in antibody titer to SFTSV and/or by RT-PCR amplification of SFTSV RNA
from the acute serum. The index patient in cluster 2 was not analyzed because of lack of serum. No person who
contacted the index patient during the same period, but were not exposed to the index patient blood, had got
illness. We concluded that SFTSV can be transmitted from person to person through contacting patient’s blood.

" Key Words: Arbovirus(es)—China—Tick(s)—Transmission.

Introduction

EVERE FEVER WITH THROMBOCYTOPENIA SYNDROME (SFTS)

is an emerging infectious disease discovered in north-
eastern and central China recently and is caused by a novel
bunyavirus, SFTS virus (SFTSV). The major clinical symptoms
and laboratory abromalities of SFTS are fever, thrombocy-
topenia, Jeukopenia, and elevated serum hepatic enzymes,
and SFTS patients usually die due to multiple organ failure,
with an average 12% case fatality rate and even 30% in some
areas. SFTSV is classified in the genus Phlebovirus of the family
Bunyaviridae (Yu et al. 2011). Except for Hantavirus, bunya-

manifestations and laboratory abnormalities of SFTS disease
have been reported in China since 2005 (Zhou 2007, Zhang
et al. 2008). In this study, we did a retrospective analysis of
clusters of patients in China in 2006 to determine whether
SFTSV was responsible for two ¢l of unk infec-
tious diseases and whether SFTSV was transmitted from
person to person. *

Materials and Methods
Study deslgn

viruses are arthropod bome and are t itted to h

d samples of the patients were collected

through arthropod bites. Hantavirus is transmitted fo humans
through an aerosol generated from infected rodent’s excreta
(Nichol et al. 2005). SFTS was presumably transmitted by
ticks, because SFTSV has been detected in Haemaphysalis
longicornis ticks (Yu et al. 2011). Before discovery of SFTSV,
several clusters of infectious diseases resembling the clinical

All i {on an
from local hospitals in Anhui Province of China. Patients’
sera were kept at room temperature during transportation and
at —80°C in laboratorles. Patients and patients’ families pro-
vided informed written consent for the procedures of the in-
vestigation. When a duster of unknown infections diseases
was reported, an investigation team of epidemiologists was

"Department of Pathology, University of Texas Medical Branch, Galveston, Texas.

ZAnhui Province Center for Disease Control and Prevention, Hefel, Anhui Province, China.
*Chinese Center for Disease Control and Prevention, Beijing, China.
#Dingyuan County CDC, Anhui Province, China.

*Guangde County CDC, Anhui Province, China.

*These authors contributed equally to this work.

2

dispatched to the hospitals and patients” houses to interview
family members and healthcare workers who had been exposed
to the patient and surveyed the environment surrounding the
houses of the patients to determine the risk factors.

Indirect fluorescent antibody assay

Patient sera were tested for antibodies to SFTSV by indirect
fluorescence assay (IFA). Sera that were reactive at a dilution
of 21:64 were considered to be positive.

RT-PCR

RNA was extracted from patients’ sera using RNeasy Mini
Kit, and one-step RT-PCR Kit (Qiagen) was used to amplify
viral RNA L-segment. The pril were designed at position
1324 (GGCAGCAAACCAGAAGAAAG) end at position
2326 (CATTTCTCCGAGGGCATTITA). PCR was performed
for 1 cycle at 50°C for 30min, 95°C for 15min, and then 35
cycles of 94°C for 455, 58°C for 45 5, and 72°C for 1 min, witha
final extension at 72°C for 10min. PCR products were se-

q d and the seq were deposited in GenBank
(JN398157 and JN398158).

Results

Cluster 1

index patient. On October 31, 2006, a 50-year-old woman
had sudden onset of fever (39.2°C), headache, myalgia, ar-
thralgia, dizziness, and malaise, and she was treated with ri-
bavirin, cephalothin, d i and amidopyrine at the
village clinic. On November 3, she was admitted to a local
hospital because of high fever (39.7°C), gingival bleeding,
nausea, vomiting, and a rash over her trunk. Laboratory testing
revealed leukopenia, thrombocytopenia, elevated serum as-
partate aminotransferase and alanine aminofransferase, ele-
vated serum creatinine, and elevated blood urea nitrogen levels.

On November 4, she' was bleeding from her nose and
mouth, developed rapidly progressive dyspnea and worsen-
ing oxygen saturation, and required endotracheal intubation.
She died on the next day.

Retrospective questioning of the patient’s family revealed
that she was bitten by a tick at 12 days béfore onset of fever.

Secondary patlents. Within 12 days after the death of the
index patient between November 9 and 17, 2006, nine patients
were identified at the regional hospital with fever (=38.0°C),

yalgia, diarrhea, leukopenia, thrombocytopenia, and ele-
vated serum aspartate aminotransfe and alanine amino-
transferase (Table 1). All patients had contact with the index
patient during the period that she was bleeding from her nose,
mouth, and endotracheal tube between November 4 and 5,
induding five family members, two physicians, and two
nurses (Fig. 1). None of 30 other family members and
healthcare workers who were in contact with the index pa-
tient but not her blood had become ill and they were not
investigated for SFISV infection because of lack of sera. All
secondary patients recovered after treatment with intrave-
nous fluids and electrolytes and ribavirin,

Cluster 2

Index patient. The index patient was a 56-year-old female
farmer who developed fever on September 28, 2006, and was

LIUET AL.

admitted into a local hospital on the next day. On October 2 she
had a black stool, and on October 4 she vomited blood five
tmes. She was treated with antibiotics and ribavirin in the
hospital. Her condition deteriorated, her family requested the
hospital to discharge her, and she died athome on the same day.

The index patient lived in a village in Dingyuan County,
Chuzhou City of Anhui Province, where 1560 residents lived,
farming rice, wheat, peanuts, soybeans, and sesame, and raised
cows, sheep, chickens, and ducks. Except for her family, no
humans or animals were reported to be sick or dying in the
village before or after she becameill. The index patient lived in
an jsolated farmhouse near a road. The house wes described as
unsanitary with numerous flies that were attracted by rotting
persimumons that had fallen from a free in the yard. The index
patient had 20 chickens, one dog, and one cat. The animals
ranged freely during the day and retummed home at night. There
wereno chemical factories or other industries in the village. The
patient had not traveled during the previous several months.
No blood was collected from any of the animals; rodents and
ticks were not investigated in the house or surrounding areas at

. the time because of lack of knowledge of the disease.

Secondary patients. From day 6 to 8 after the death of the
index patient, her 58-year-old husband (case 2), 35-year-old
son (case 3), and 33-year-old daughter (case 4) all had feverand
were hospitalized (Fig. 1). Lab y tests led that they
all had leukopenia and thrombocytopenia (Table 1). Al sec-
ondary patients were treated with intravenous fluids and
electrolytes and ribavirin, and all patients recovered. Prior to
onset of the disease, all of the secondary patients had partici-
pated in the care of the index patient in the hospital. Case 2 had
been with the index patient from September 29 to October 4;
case 3 was in contact with the index patient on October2 and 4;
case 4 wasin contact with the index patient from October 2 to 4.

On October 4, the index patient was vomiting blood, and the .

three secondary cases cleaned up the blood. Neither of six
other persons in the family including the mother-in-law, three
grandchildren, sorvin-law, and the daughter-in-law of the in-
dex patient nor healthcare workers in the hospitals became
infected despite contact with the index patient. However, they
did not contact her blood. Son-in-law and daughter-in-law of
the index patient were used as control and SFTSV antibody
and viral RNA were not detected from their sera. Case 2 lived
together with the index patient, and cases 3 and 4 did not live
in the same area as the index patient. Case 3 worked in a
factory in Nanjing City in Jiangshu Province, and case 4
worked in a food processing factory in 2 neighboring town. No
coworker of case 3 or case 4 in the factories were ill during the
period when cases 3 and 4 were sick.

The investigation had ruled out the possibilities of chemical
poisoning, food poisoning, SARS, infl other respiratory
infections, hemorrhagic fever with renal syndrome, dengue
fever, malaria, gastrointestinal infections, Strepfococcus suis
infection, and human anapl is based on laboratory and
epidemiological data. However, the etiological agent of the
disease was not known at the time.

Risk factors of person lo person transmission
of SFTSV

In cluster 1, all dary patients were exposed to the

index patient in the regional h;sme All secondary patients
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TRANSMISSION OF SFTS VIRUS

TasLe 1. CLINICAL, LABORATORY, AND SEROLOGICAL PINDINGS OF PATIENTS IN Two CLUSTERS
OF SEVERE FEVER WITH THROMBOCYTOPENIA SYNDROME DISEASE

Cluster 1 Cluster 2

Patient information Index 2 3 4 5 6 7 8 9 10 Index 2 3 4
Clinical symptoms

Fever 238.5°C Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Chills Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes UN UN UN UN
Diarrhea Yes Yes No Yes Yes- No No Yes Yes Yes Yes No Yes No
Headache Yes Yes No No No No Yes No No No Yes No No No
Bleeding Yes No No No No No Yes No No No Yes Yes No No
Rash Yes No No No No No No No No No No No No Yes
Laboratory test .

White bloed cell 3300 3700 2700 1100 1200 2600 3300 3700 2400 2000 2900 1400 3300 3600

(normal 4000-10,000/ L)

Platelet(Normal: 150-300/uL) 18 54 61 54 4
Elevated AST and/or ALT Yes Yes Yes ND Yes
TFA

Acute 128 128 256 512 -
Convalescence
RT-PCR + + + + ND

9% 54 47 114 40 71 45 52 40
ND Yes Yes Yes Yes Yes Yes Yes Yes

128 128 64 64 128 ND 128 64 256

ND 1024 2048 4096 2048 1024 4096 2048 2048 102¢ ND ND 512 2048

ND ND ND ND ND ND + ND +

UN, unknown; ND, not done; AST, & ALT, alanine ami; IFA, indirect i agsay.

P

were involved in endotracheal intubation and care during
times of hemorrhage of the index patient. Of these nine indi-
viduals, three reported blood contamination of skin and
possible mucocutaneous exposures.

In the second cluster, all secondary patients had direct
contact with blood in vomit or bleeding from mouth of the
index patient. These results suggest direct contact with blood
or resp Y ions as the mechanism of i

IFA resuits. We collected sera from 13 patients and 12 of
them had acute and convalescent sera. No serum was avail-
able from the index patient in cluster 2. Antibodies to SFTSV
have been detected in all acute sera (n=13) and all c 1!

RT-PCR results. L-segment of SFTSV RNA sequences
was amplified from six patients including four patients in
cluster 1 and two patients in cluster 2. RT-PCR was not per-
formed for other patients because of limitation of sera (Table 1).
DNA sequences of the viruses from patients were identical
among each cluster, but were different between two clusters
and known strains of SFTSV (Fig. 2).

Discussion

In this study we have retrospectively analyzed the etiology
of the illn in two clusters of patients with mysterious in-

cent sera (n=12); seroconversion or fourfold increase in anti-
body titer to SFTSY was detected in 4 of 10 patients in cluster 1
(Table 1).

Cluster1
* All secondary patients exposed
to index patient during
endotracheal Intubation and
hemarrhage of index patient
on 11/4/2008

Secondary patients

Number of patients
L] ~

on

I,

&;@{&%&:f

Date of onset

fectious d These two clusters of paﬂents were not re-
lated and lived in different counties in Anhui Province,
demiological data indicated that the secondary pahents

were infected after taking care of the index patients in both

Cluster2

Secondary patients

Exposedto Index

patient’s blood on

10/03/06 Secondary

index patients

Number of patients
-

—

\—

e@

¢
g? Q 0\& ‘GP:\"\

Dateof onut

FIG.1. Date of exposure and onset of secondary patients.
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FIG. 2. Phylogenetic analysis of severe fever with throm-
bocytopenia syndrome virus (SFISV) RNA L-sej fmen
hﬁed from patients in two clusters (cluster 1 an: ter 2).
ic trees were d using Neighbor )ommg
method with Paup 40 software. Strain name and GenBank
accession number of each sequence of SFTSV are shown on
each branch.

) serological analysis showed that all patients were
infected with SFTSV; molecular analysis further indicated that
the genotype of SFISV from patients in each cluster was
identical, but the genotype of SFISV from two clusters were
different from each other and. they were also different from
known strains of SFTSV. No known strains of SFISV are
identical in the sequence of L-segment (Fig. 1). This study
indicated that the secondary patients in both clusters noso-
comially acquired SFTSV from the index patients. Given the
fact that all secondary patients in cluster 2 had contacted with
blood of the index patient and all secondary patients in cluster
1 had involved in endotracheal intubation and three of them
had direct contact with blood of the index patient, it suggests
that SFTSV in both clusters were most likely transmitted from
person to person through contacting infected patient’s blood.
Aerosol transmission of SFTSV may be possible, but cannot be
confirmed in both clusters. Person-to-person transmission
may not be the major transmission route of SFTSV; however,
our study demonstrated that patients with SFTSV should be
isolated from family members and other patients. In China,
currently, patients’ family bers are allowed to stay inthe
hospital ward to take care of patients with SFTS. Such a
practice may be essential for noninfectious disease patients to
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" reduce the medical costs, but clearly has increased the po-

tential of nosocomial transmission of SFTSV to family mem-
bers and other patients in the same hospital ward.

The correlations of contact of secondary patients with the
index patients in both clusters are very strong. All secondary
patients in the two clusters had onset of disease at 9-17 days
after contact with the index patients. None of these patients
had a history of tick exposure or rodent contact. All secondary
patients had contacted the patient’s blood during the patients’
period of bleeding. We do not know whether any of the 30
persons who contacted the index 1 without contacting her
blood had antibody to SISV because of lack of patients’ sera,
but none of them got iliness after contacting the index pa-
tients. The fact that none of the persons who contacted index
patient 2 without exposure to her blood had antibody to
SFTSV further suggests that contacting SFTS patients’ blood is
a risk factor for person-to-person transmission of SFTSV.

The pathogen for t)\e ﬁ:st cluste: was ascribed to A. pha-

hilum antibody
and DNA were deteched inthe panems (Zhang et al. 2008). It
has been always a doubt whether A. phagocytophilum can be
responsible for nosocomial transmission of a severe hemor-
rhagic disease, because A. phagocytophilum had not been re-
ported to cause hemorrhage or person-to-person transmission
(Zhang et al. 2008). Because no virus was detected and only A.
phagocytophilum was de’tected from the pauents' blood sam-

plesincluster1, A. p was believed to be the sole
culprit of the mystenous disease (Zhang et al. 2008). After the
report of the cluster of human anapl in China, pati

with fever, leukopenia, and thrombocytopenia resembling the
clinical symptoms of SFTS were diagnosed and treated as
human anaplasmosis (Li and Zhang 2008, Zhou et al. 2009,
Tengxun News 2010) until Yu et al. (2011) isolated SFTSV, the
actual etiologic agent of SFTS disease, from patients in 2009.
The previous study was unable to detect virus in the patients
(Zhang et al. 2008), because SFTSV is a novel virus that does
not share antigenic cross-reactivity or genetic homology with
previously known viruses and it does not cause cytopathic
effect in Vero cells, which are commonly used for isolation of
viruses. Fortunately, we used DHBS2 cells that are appropriate
to isolate Ehrlichia in our previous study, and SFTSV causes
severe cytopathic effect in DHB2 cells, which can be recog-
nized easily (Yu et al. 2011). In this study, we have detected
antibody and/or viral RNA from secondary patients and index
patient in cluster 1, which clearly demonstrated thatall patients
in the cluster were infected by SFTSV. In cluster 2 we demon-
strated that all secondary patients were infected with SFTSV,
but we could not directly demonstrate that index patient was
infected by SFTSV because of lack of serum. We presume that
the index patient was infected with SFTSV, because her clinical
symptoms resembling SFTS disease and epidemiological data
linked her to secondary patients who were all positive for
SFISV.

SFTS disease did not receive attention until the cluster of 10
patients with the unknown causative agent was observed in
2006, and unfortunately, the pathogen was ascribed as A.
phagocytophilum (Zhang et al. 2008). Besides the two clusters
of patients desaribed in this study, a cluster of infectious
disease resembling SFTS disease was actually reported as
early as in 2005 (Zhou 2007). In that cluster of patients, the
index patient was a 59-year-old male farmer who had onset of
illness, on August 27, 2005, with fever, myalgia, leukopenia,
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MAJOR ARTICLE

A Family Cluster of Infections by a Newly
Recognized Bunyavirus in Eastern China, 2007:
Further Evidence of Person-to-Person
Transmission

Chang-jun Bao,!* Xi-ling Guo, 2" Xian Qi,** Jian-li Hu,"* Ming-hao Zhou>" Jay K. Varma,* Lun-biao Cui2 Hai-tao Yang?
Yong-jun Jiao?2 John D. Kiena,* Lu-xun Li,* Wen-yuan Tac,® Xian Li2 Yin Chen? Zheng Zhu2 Ke Xu, Al-hua Shen®
Tao Wu2 Hai-yan Peng.2 Zhi-feng Li,! Jun Shan,! Zhi-yang Shi,2 and Hua Wang®

Department of Acute Infectious Diseases Control and Py ion, 2Pathogenic M Institte, and 3Headquarters, Jiangsu Provinciai Centre

for Disease Control and Prevention, Nanjing, China; “Centers for Disease Control and Prevention, Atlanta, Gaorgle; SLishuk County Centre for Disease
Control and Prevention, and ®People’s Hospital of Lishui County, Nanjing, China

Background. Seven persons in one family living in eastern China developed fever and thromt ytopenia
during May 2007, but the initial investigation failed to identify an infecti eticlogy. In D ber 2009, 2 novel
bunyavirus (designated severe fever with thrombocytopenia synd bunyavirus [SFTSV]) was identified as the
cause of illness in patients with similar clinical manifestations in China, We reexamined this family cluster for
SFTSV infection. - :

Methods. We analyzed epidemiological and clinical data for the index patient and 6 secondary patients. We tested
stored blood specimens from the 6 secondary patients using real time reverse transcription polymerase chain reaction
(RT-PCR), viral culture, genetic sequencing, micro lization assay (MNA), and indirect immunofluorescence
assay (IFA).

Results.  An 80-year-old woman with fever, leucopenis, and thrombocytopenia died on 27 April 2007. Between
3 and 7 May 2007, another 6 patients from her family were admitted to a Jocal county hospital with fever and other
similar symp Serum spec collected in 2007 from these 6 patients were positive for SFTS viral RNA
through RT-PCR and for antibody to SFTSV through MNA and IFA. SFTSV was isolated from 1 preserved sevum
specimen. The only shared characteristic between dary patients was p | contact with the index patient;
none reported exposure to suspected animals or vectors.

Conclusions. Clinical and laboratory evidence confirmed that the patients of fever and thrombocytopenia
occurring in a family cluster in eastern China in 2007 were caused by a newly recognized bunyavirus, SFTSV,
Epidemiological investigation strongly suggests that infection of dary patients was t itted to family

members by personal contact.

In December 2009, a novel bunyavirus—named severe
fever with thrombocytopenia d b i

(SFTSV)—was isolated from a patient in central China.
i ; .
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q ng indicated that the SFTSV comprises
a third group within the genus phlebovirus, family Bu-
nyaviridae [1]. Iiness caused by this novel virus is char-
acterized by sudden onset of fever and respiratory tract or
gastrointestinal symptoms, followed by a progressive
decline of whole white blood cell and platelet counts,
Three viruses in the family Bunyaviridae including
Crimean-Congo hemorrhagic fever (CCHF) virus from
the genus nairovirus, Rift Valley fever (RVF) virus from
the genus phlebovirus, and Old World and New World
hantaviruses, such as Andes virus, causing Hemorthagic

1208 ¢ CID 2011:53 (15 December) o Bao ¢t al

Pever Renal Syndrome (HFRS) and Hantavirus Pulmonary
Syndrome (HPS), respectively, from the genus hantavirus are
recognized as able to induce hemorrhagic fever discase in hu-
mans. Cases most hke)y encounter these viruses via direct con-

tact with infected animal tissues, inhalation of contaminated

count had declined to 1.6 X 10%L and platelet (PLT) count to
30 X 10°/L. On 25 April, she was transferred 1o a municipal
hospital. Her condition continued to decline rapidly; on ad-
mission, she was noted to have elevated liver-associated enzyme
levels (serum aspartate aminotransferase, 3869 U/L; alanine

material, or being bitten by arthropod vectors such as

fi 573 U/L; lactate dehydrogenase, 3094 U/L)

qQ

toes, sand flies, or ticks {2). Some SFTS patients have reported .

that they had seen or been bitten by ticks before their illness
onset; in their original study, Yu et al {1] reported that there was
no epidemiological evidence for person-to-person transmission,
SFYSV was therefore proposed to be d by contact with
animals and/or vectors such as the Haemaphysalis longicornis
ticks.

In May 2007, Jiangsu Province Centre for Disease Contro}
and Provention (JS-CDC) was notified about a family in which
6 persons developed fever and clinical symptoms compatible
with human granulocytic anaplasmosis (HGA) [3]. In October

/2006, an outbreak of HGA had been reported from an adjacent

province [4]; therefore, initial i igation of this family cluster
focused on identifying Anaplasma phagocytophilium. Neither ex-
tracted DNAs nor antibodies to the A. phagocytophilium, how-
ever, were detected from patient blood specimens. Additional
Iaboratory studies ruled out infections from HFRS virus, den-
gue fever virus, typhoid/paratyphoid Salmonella bacteria, lep-
tospirosis, Rickettsia-like spotted fever, Pullman’s typhus,
tsutsugamushi fever, or Q fever. In December 2009, Chinese
scientists identified SFTSV in patients with a similar clinical
syndrome as the 2007 family cluster. In this paper, we describe
the laboratory evidence gathered through molecular and se-
rological analysis and assess the possible routes of SFTSV in the
2007 family cluster.

METHODS

Patients

The 2007 family cluster occurred in a hilly area about 110 km
south from Nanjing in eastern China. The first patient (index
patient, patient A) was an 80-year-old female who lived in
a small village with her husband. She visited the village dlinic on
19 April 2007, complaining of fever and chills. She was treated
with icin and d h On 20 April 2007, she was

and acute renal insufficiency (cxeatinine, 1883 umol/L; urea
nitrogen, 1306 umol/L). The next day, she developed bleeding
gums, ecchymosis at an intravenous line puncture site, melena,
and fecal incontinence. On 27 April, a massive amount of fresh
blood effused from the needle puncture site. Family members
elected to withdraw intensive medical support, taking her home,
where she died a few hours later.

‘Within 10 days of patient A’s death, & of her family members
developed similar sy The elder son-in-law (patient B) of
patient A developed symptoms first, with onset on 3 May 2007,
6 days after his mother-in-law’s death. Symptoms subsequently
developed in patient C (patient A’s elder daughter, patient B’s
wife) and patient D (patient A’s younger nephew) on 4 May,
patient E patient ‘A’s younger son-in-law) and patient G (pa-
tient’s elder nephew) on 5 May, and patient F (patient A’s sec-
ond daughter, patient E’s wife) on 7 May. All the secondary
patients were previously healthy. None of them lived with the
index patient. The secondary patients were between 53 and
72 years of age (mean, 58.3 years), and 4 of them were men. All
had fever of at least 37.5°C for 3-6 days (median, 4 days). All
complained of having loose stool, 1-3 episades per day for
1-2 days. Three male patients (patients B, D, and F) developed
pleural effusion, bronchitis, and pneumonia, respectively, dur-
ing hospitalization. Patient E, who had a history of hepatitis B
virus infection, experienced the lowest WBC and PLT counts
among the 6 secondary patients. However, they all recovered
through supportive treatment and were discharged in good
condition. A timeline of key events is shown in Figure 1, and
clinical features are shown in Table 1.

Epidemiological Investigation

On 8 May 2007, we received a report that 5 patients with fever of
unknown cause were admitted to a county hospital. Epidemi-
ological investigation and active surveillance were irnmediately
initiated. On 9 May, another patient was identified. A standard-

admitted to the local county hospital with a temp e of

ized questi ire was used to collect demographic information,

39.0°C. Laboratory testing performed on admission revealed
leukopenia (WBC ¢ount, 3.1 X 10%/L) and thrombocytopenia
(PLT count, 48 X 10%L), Chest X-ray examination showed
bronchopneumonia. On 21 April, the patient was discharged
home for her birthday party, then readmitted to the local hos-
pital on 23 April. At this time, the patient was noted to be
confused and unable to speak. Her neck was supple. There were
no focal neurological abnormalities. Her p was

clinical manifestations, history of exposure to the index patient
(where, when, and how contact was made), history of exposure
to wild animals, and extent of outdoor activity. Furthermore,
public health officials interviewed family members, neighbor-
ing villagers, and all hospital staff who had provided medical
service for any of the patients, and cross-checked several
written timelines of the outbreak. Medical records were also

38.2°C. Blood tests showed that her white blood cell (WBC)

reviewed for the time of discovery of the index patient and the
secondary patients’ onset and progression of illness.
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By the time this family cluster was detected, the index patient  onset of symptoms. All specimens had been stored at —70°C
had died and her body had been cremated; therefore, no since initial testing in 2007,
specimens were available for further testing. Three serum RNA was extracted from serum or whole blood using a high
specimens from each secondary patient were collected on pure viral RNA kit (Roche Diagnostics) according to the man-
3 separate days (8 May 2007, 13 June 2007, and 17 September  ufacturer’s instructions. SFTS viral M and § genomic segments
2010) for a total of 18 specimens. All activities were con-  were amplified using specific primers and probes by RT-PCR
ducted in accordance with the policies of the ethical com- assay. The primers and probes used in the real-time assay were
mittee of ]S-CDC, and informed consent was obtained from synthesized according to the gene sequence of a SFTSV (Geri-
the participants. Bank accession numbers: HQ141601 to HQ141606).
’ Viral culture was performed on aliquots of specimens testing
positive by RT-PCR. For virus isolation, 2 or 3 blind passages
through Vero cells, as previously described, were performed 1, 5],
Modified microneutralization assay (MNA) and indirect
fi assays (IFA) were performed essentially
ly for immunoglobulin G (IgG)-specific

Laboratory Testing

In 2010, real-time reverse transcription polymerase chain re-
action (RT-PCR) and serological testing were performed on
blood samples (serum and EDTA blood) that had been coll i i
from each secondary patient between days 3 and 10, after the  as described p
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Table 1. The Clinical Features of Patients Involved in a Family Cluster Occurred in 2007, Eastern China
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Patient A

Patient G

Patient F

Patient O

Patient C

Younger datighter

Eider daughter  Nephew

Tempergture; 2

Date of onset

Diarrhea

Nausea, vomiting,

sea, vomiting,

Vomiting,
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Pneumnonia
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Bron
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antibodies to SFISV [6]. For MNA, briefly, 100 50% tissue
culture infective’ dose (TCID50) units of virus were pre-
incubated with serial 2-fold dilutions of serum and then used to
infect Vero cells in 96-well microtiter plates. For IFA, fixed Vere
cells infected with SFTSV were incubated with diluted human
serum and stained with fluorescein-labeled anti-human IgG
secondary antibodies. Antigens for the testing were produced
from a strain isolated from a patient in 2010.

RESULTS

Patient A was in a good physical condition before the onset of
iliness and was known to collect tea leaves from her tea garden
on a hillside around the village where she lived. Her family
recalled that she did not leave the village within 1 month pre-
ceding disease onset. The village where she lived is located in
a typical hilly area with a population of ~150. No obvious
change in mosquito density nor rising morbidity or mortality of
poultry and livestock at that time was observed through an
ecological survey.

Except for patient E, the other 5 secondary patients also lived
in the same village but in separate houses or in an adjacent
village <3 km away. Patient E worked as a security guard for
a supermarket in another county ~40 km away. After hearing of
his mother-in-law’s iliness, he returned to the village and took

- part in her birthday party on April 21. He provided bedside care

after she was readmitted to the local hospital.
All 6 secondary patients denied a history of insect bites, ex-
posure to wild animals, or participation in hunting activity in

:

CDC. SFTSV was isolated from 1 preserved serum collected in
May 2007 fmm 1 secondary patient (paucnt E) after 3 blind

Comy g g ng and analysis of this
isolate (GenBank i b )'F837593 to JF837595)
showed that it shared 96.0%-99.7% homology in nucleotide
sequence with 2 strains (JS03 and JS04) isolated from sporadic
patients in Jiangsu Province, 2010. Additional sequence of
SFTSV M-segments (~406bp-498bp) from 3 other secondary
cases (patients B, D, and G) showed no nucleotide changes with
patient E, indicating that these viruses were most likely from the
same origin, Serum obtained from the 6 secondary patients
collected in their acute phase were negative (the titer of neu-
tralization antibodies was <1:10) for. antibodies to SFTSV by
MNA, but paired convalescent-phase specil btained from
those patients were positive. Additionally, seroconversion was
further d dby IFA. A y.of the results of di-
agnostic testing is shown in Table 2,

DISCUSSION

Although only recently identified, SFTSV appears to have been
responsible for a family cluster of fever, thrombocytopenia, and
leukopenia in eastern China in May 2007, We confirmed in-
fection in all 6 secondary patients using multiple methods. SFTS
viral RNA was detected using RT-PCR in acute-phase blood
specimens from patients. Serum MNA and TFA documented
seroconversion of specific IgG antibody to the novel virus be-
tween acute phase and convalescence phase serum samples.
Fmally. SFTSV was successfully isolated from 1 of the preserved

1 1

the month preceding illness onset. All, h , participated in

gh 3 blind passages. Laboratory ev:dence

the index patient’s birthday party (April 21-22). Five p

di d that the 6 dary patients had recent i

except patient G, reported contact with bloody secretions and/or
handled feces of the index patient with unprotected hands
during her hospitalization. Patient G, the index patient’s
nephew, also reported that he touched the blood of the index
patient while handling her corpse.

An additional 85 persons were identified as patient A’s con-
tacts. Only 2 individualslived in the household of the index case:
the index case and her husband, However, her 19 in-
dividuals had contact with the index case but did not acquire
infection. An additivnal 21 relatives and 45 medical personnel
(1 from the village clinic, 38 from the county hospital, & from the
regional hospital) also had contact. It is estimated that 192
persons attended patient A’s funeral. Only 2 of the 19 family
members reported exposure to patient A’s blood with their bare
hands, Public health officials interviewed all additional contacts
and found that none became ill.

RNAs extracted from serum/blood specimens from the 6
secondary patients collected during the acute phase of their ill-
néss were identified as SFTS viral RNAs using RT-PCR. Positive
results were confirmed through retesting of samples at China

with SFTSV, in accordance with the definition of a confirmed
case issued by Chinese Ministiy of Health in October 2010 [7).

Infe was most p d by direct contact
between the index patient and 6 family members. Person-to-
person has been d d with other viruses
of the family Bunyaviridae such as CCHF virus and Andes virus
{8-11]. The phenomenon of person-to-person transmission has
also been observed in a more recent outbreak (October 2010) in
eastern China [12]. Four pieces of epidemiological evidence
gathered- in this investigation indicate that the most likely
transmission route of SFTS in this cluster was person-to-person.
First, all subsequent patients had a history of contact.with pa-
tient A’s blood or feces while providing bedside care during her
hospitalization or handling her corpse after death, suggesting
a ibt hanism of t i Patient E lived and
worked in another county, but he developed illness 15 days after
he returned to patient A’s village and participated in events
there, Second, all subsequent illnesses began during a brief pe-
riod (from May 3 to 7), suggestmg that infection was probably
ductoa gle-point exp This hypothesis was

111, s
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Table 22 Results of Diagnostic Tosting of a Family Cluster Occurred fn 2007, Eastern China

Pau'ant Relationship Gender, age Qutcomne

MNA® IFAR
AP cP AP cpP 2010 RT- PCR, 2007

' Mothér {indekipatientl ... F, 80}
Eider somn-bw»

Pasitive

Abbreviations: F, femala; M, maie; MNA, microneutralization assay: AP, acute phase; CP, convatescent phase; IFA, indirect immunofiuorescence assay; RT-PCR,
feal ime reverse transcription polyrerase chein reaction.
* MNA, AP: The serum specimens were collected on 8 May 2007. CP: The serum specimens were collected on 13 June 2007,

5 IFA, AP: The serum spocimens were callected on 8 May 2007, CP: The serum spacimens were collected on 13 June 2007. 2010: The serum specimens were
caliscted in 17 September 2010,

* The novel virus was isolated from the patient’s serum collected in May 2007,

supported by the results of SFTSV M-segments sequences
alignment from 4 of the subsequent patients. Third, all 6 sec-
ondary patients seroconverted to SFTSV positivity, and anti-
bodies against SFTSV were still detected from the serum of the
secondary patients collected >3 years after recovery. In con-
trast, a serological survey of 180 farmers from the same village or
an adjacent village in 2010 found no one with antibodies to the
SFISV. Fourth, patient A’s clinical symptoms wete consistent
with SFTS, although her diagnosis was not laboratory confirmed
because no specimens were available for testing.

By contrast, nio obvious evidence thus far showed that SFTSV
can transmit through inhalation or droplets based on the fol-
lowing First, the pul Y SYmp of the index case
and 4 of the secondary cases developed in their later phase as
a complication. Second, the medical staff who provided services
for the index patient and patients who stayed in the same ward
with the index patient did not become ill. Thixd, in 2010, when
another family cluster was identified, no viral RNA was detected
from collected throat swab and feces specimens from patients in
their acute phases (unpublished data). Two additional family
members reported that they provided bedside care or handled
the corpse of patient A but did not develop symptoms. It is not
clear why these individuals did not develop illness, but this
might be linked to the manner of interaction, frequency, or
dusation of contact with the acute patient, or to infectious dose,
individual pibitity, and § statos {11].

We believe it is plausible that the index patient acquired her
infection from the environment. She used to pick tea leaves in
a grove filled with grasses and shrubs. In 2007, a survey identi-
fied dozens of ticks belonging to the species Haemaphysalis
longicornis in this tea grove. SFTSV has been detected from this
species of ticks [1]. Unfortunately, all of the ticks collected in
2007 were discarded after testing DNA for A. phagocytophilium;
all were negative by PCR. Although it is possible that secondary

cases contracted the infection from the environment, and the
timing of the disease reflects different incubation times, we be-
lieve that this hypothesis is less likely. First, except for these 6
family patients, no other cases from the same area were reported
at that time. Second, 5 secondary patients except patient E lived
in the same village or an adjacent village preceding their illnesses,
but their daily works mainly involved raising silkworms, which
does not require frequent ficldwork; all denied tick bites or ex-
posure to wild animals before disease onset. Finally, the in-
cubation period of most SFTSV infections ranges from 5 days to
2 weeks, according to most studies to date, If the secondary cases
shared a common exposure with the index patient, we would
have expected their dates of illness onset to be earlier than May 3.

Confirmation of the etiological agent for the family cluster
demonstrates that the novel virus may be traced back to at least
the year 2007 or earlier. The SFISV, however, caused several
outbreaks in central China with 2 high case fatality, inciting panic
in affected and surrounding provinces since 2009 (7). Given this
situation, together with the potential for increased transmission
and resulting conseqr of SFTS i mote attention to
the ep]demlology and biology of this pathogen is required,

Our study suggests a transmission mode not previously re-
ported for SFTS, and the public health significance needs further
evaluation. In the past 2 years, almost all SFTS patients
confirmed by China CDC occurred sporadically and were geo-
graphically dispersed [1, 7). Therefore, the emergence of person-
to-person transmission, coupled with the severity of SFTS,
suggests that hospitals should strengthen infection control when

patients with similar clinical symptoms initially present. This

should include systematic and ongoing training of hospital
p 1 in infe control restricting visitation
and provision of bedside care for suspected SFTS patients by
family members, and providing appropriate personal protective

equipment to all caregivers. In addition, corpses of patients who
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have died from hemorrhagic disease should only be handled by
trained and propetly outfitted persons.

To the best of our knowledge, the SFTSV is unique to China,
and no epizootic has yet been reported. Whether the novel virus
also exists in other regions of the world or if it has the capacity of
spread to previously unaffected areas, as RVF virus, is unknown.
One death among 7 patients corresponds to the 12% fatality rate
found in the 171 sporadic patients reported by Yu et al {1] is as

* high as that of RVF virus in humans [1, 13-15). In addition,

because it is easily cultured and associated with a high mortality
rate, together with no currently available effective antiviral drugs
or vaccines, the virus should be considered a potential candidate
as weapons for bioterrorism, and restrictions on its distribution
and handling should be established and enforced (16, 17}. It is
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Introduction

Thirteen years ago, blood centres voluntarily started testing
‘whole blood and platelet apheresis donors using nucleic acid
amplification technology (NAT). The first reports on the fea-
sibility of routine blood donation NAT screening were pub-
lished in 1898/99, followed by wide-scale implementation

- or mandated NAT testing in multiple countries over the sub-
sequent several years {1-5]. Although studies demonstrated
that NAT testing could efficiently detect serologically nega-
tive donors who were infected with all three major trans-
fusion-transmitted viruses {HCV, HIV-1 and HBV), most
countries initially mandated NAT testing only for HCV or for
HCY and HIV-1. Thus, despite the cost and logistical
challengés to blood banks that tried to establish NAT testing
on a routine basis, HCV and HIV-1 NAT testing expanded rap-
idly in the early 90s in many countries. The main reasons for
the delayed implementation of HBV NAT were that the pre-
dicted yield and clinical value of interdiction of sero-negative
HBYV infections were low, commercial tests for routine NAT
donor screening targeting all three viruses were not available
at that time, and only a small number of blood banks had
access to sensitive and reliable in-house HBV NAT tests.

An International Forum of Vox Sanguinis was organized
in 2002 based on an eight-question survey entitled
‘Implementation of donor screening for infectious agents
transmitted by blood by nucleic acid technology’(6]. The
experts in the field who responded to the survey did not
necessarily represent countries where NAT testing had
already been introduced. Questions referred to the viruses

sensitivity, specificity and robustness of the assays; the
degree of automation; the yield of NAT testing; the role of
HCV core antigen testing; and the status of implementation

_ of HAV and Parvovirus B19 NAT testing,

Because NAT screening was expanding and evolving
very rapidly at that time, an updated survey was conducted
in 2004 and published in 2005. This survey, which
employed a standardized questionnaire based oun similar
questions to the 2002 survey, was sent to experts in 26
countries, with 18 countries contributed to this second
International Forum on NAT testing (7).

Since the 2005 International Forum NAT screening has
been introduced in many additional countries worldwide,
hundreds of papers on sensitivity, specificity and yield of
NAT testing have been published from many countries
with diverse epidemiological situations resulting in dram-
atic differences in yield of window phase and occult
infections. Assays and testing platforms have improved,
with recent develop of high-throughput automaticn
enabling NAT testing of small pools or individual donations

. with reduced technical expertise and manpower. This

important new technical approach to blood donation test-
ing has significantly. contributed .to blood safety and
provided new insights into the early dynamics of viral
replication and infectivity of aciite and chronic infections.

Methods

The Working Party on Transfusion Transmitted Infectious
Diseases (WP-TTID) of the International Society of Blood

for which NAT testing was being performed or considered;
the technology used; the pool size employed; the

82

Transfusion {ISBT) is dedicated to advancing blood safety
in the world with specific focus on infectious risks. This

International Forum 83

goal is accomplished through gathering and analysing rele-
vant data and developing and coordinating international
studies. In order to provide a convenient means to perform
complex international surveys, the ISBT WP-TTID sub-
group on virology developed an electronic questionnaire
that can easily be distributed by e-mail and the responses
readily compiled and analysed. It was decided to first use
this tool to update the preceding International Fora on NAT
testing. Although the survey included questions on overall
yield since NAT testing was impl ted; it was designed

to focus on obtaining detailed cross-sectional data for one -

complete year of testing, rather than comprehensive longi-
tudinal data over the whole testing period since the intro-
duction of NAT in each individual country. This was
because we wanted to compile and analyse data generated
from current NAT technologies that are more seunsitive and
reliable than previous methods. These data, derived primar-
ily using commercialized NAT systems, were expected to be
more consistent such that results from different countries,
including testing approaches, yield and epidemiol

that did not perform NAT testing in 2008 sent back their
serological data. Incomplete NAT data were received from
seven other countries. The population covered by our survey
{including the countries that did not perform NAT testing in
2008) totalled 1-2 billion. The population of all reporting
countries in which NAT testing had been performed in 2008
totalled i-16 billion. The exact numbers of donations with
complete data sets for evaluation varied by virus as indi-
cated in the respective sections that follow.

Implementation of NAT testing by country

Germany was the first country to introduce NAT screening
of whole blood and apheresis donations on a routine basis
with required negative NAT results prior to release of com-
ponents (Fig. 1). Initially, this testing was voluntary and
employed in-house NAT tests for HCV, HBV and HIV-1.
HCV and HIV-1 NAT tests were mandated in Germany late
in 1999 and 2004, respectively. Several other countries
started NAT testing in 1999, primarily for HCV. Over the

)
could be compared.

The questionnaire contained detailed questions on the
number of inhabitants and the donor populations in
each country, the distributions of first-time and repeat
donations, serological and NAT tests employed for
screening, confirmation testing strategies; the viruses
tested for by NAT and number of donations screened in
2008 and over the entire period since the date of intro-
duction of NAT testing, whether NAT is mandated or
not, the number of NAT-only-positive donations and the
NAT yield rates, the NAT technology currently employed
including pool size, sensitivity and specificity. Data were
requested for whole blood and apheresis donations.
Plasma for fractionation was excluded. The survey itself
is available as supplemental material to this manuscript
on the ISBT website (add link).

Results

The questionnaire was sent by e-mail in August-2009 to 77
experts from 59 countries. This distribution date seemed
appropriate to allow each participant to compile and submit
completed data including all confirmatory results for dona-
tions given in the 2008 calendar year. Most completed ques-
tionnaires were received between September and November
2009. A first electronic reminder was sent in November
2009, and a second personal reminder was sent to non-
responding experts in May 2010. Seventy-three experts
from 55 countries received the survey based on valid e-mail
addresses, and 50 experts from 37 countries responded.
Thirty-seven questionnaires from 25 countries were filled
out completely and contained valid data for all questions
including yield of NAT screening. In addition, 6 countries

© 2011 The Author(s)

subsequent several years, NAT testing for HCV was man-
dated and began to be performed with commercial diagnos-
tic assays that were more or less adapted to the needs of
blood banks. Some countries started HIV-1 NAT testing as
well. As seen in the Fig. 1, the number of countries per year
that entered into HCV NAT testing was highest in 1999 and
declined over time, whereas the number of countries that
initiated HIV-1 NAT testing each year was relatively con-
stant with small peaks in 2001-~2003 and again in 2008.
After the mandated introduction of HBV NAT in Japan and
voluntary introduction of HBV NAT in Austria in 1999,
there was a gap until 2004 followed by a peak in global
implementation of HBV NAT in 2007-2008. In 2002, volun-
tary NAT for HBV was also introduced in several US blood
centres {located in Sacramento California and Seattle Wash-
ington, with limited numbers of donations); broader imple-
mentation of HBV NAT did not occur in the United States
until 2609 when multiplexed ¢commercial NAT assays that
included HBV detection were licensed in the United States.

As of 2010, 33 countries reported'that they had intro-
duced or would soon introduce HCV and HIV-1 NAT, and
27 of these reported current or planned introduction of
HBV NAT. HCV NAT is mandated in 23 and HIV-1 NAT in
20 of the 33 countries assessed. HBV NAT is mandated in
12 and voluntarily performed in 15 countries.

NAT test systems and pool sizes employed in 2008

As technology improved significantly, early semi-auto-
mated and in-house-developed testing approaches have
been generally replaced by fully automated commercial
platforms and assays. Data on test systems employed
were consequently requested for 2008 only (Table S1).
The largest number of responding countries that have
introduced NAT testing are .in Europe. Thirteen of these
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Introduction of NAT testing
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Fig. 1 Introduction of nucleic acid amplification technology (NAT) testing.

are using Roche assays and testing platforms, and 11 are
using Novartis/Chiron assays/systems. Four countries
[Germany, Austria, the Netherlands and UK (Scotland)]
were using in-house testing approachés for the majority
of their donations. Rest of UK were using Chiron, Ger-
many, Austria and UK (Scotland) were the only countries
in which in-house NAT tests were still in use in 2008
[UK {Scotland) subsequently converted to use of Roche’s
commercial assay]; the Netherlands performed commer-
cial NAT assays with modified (in-house) extraction
methods in 2008 but subsequently implemented the
Roche extraction system.

In Africa, Asia-Pacific and North America, Novartis
systems are the most prevalent {nine countries), followed
by Roche (seven countries). None of these countries use
in-house tests. Although there is no nationwide NAT testing
in Brazil (it is planned for 2011 in the public system of
hemocentres), one private hospital blood bank reported in-
house NAT testing for HCV and HIV-1 since 1998, using an
in-house system. It is estimated that ~5%-10% of dona-
tions in Brazil are now tested by NAT in private hospital
blood banks for HIV-1, HCV and HBV using commercial or
in-house adapted NAT assays.

In total, 22 couniries perform Novartis/Gen-Probe NAT

" tests, 18 perform Roche NAT tests and only four perform -

in-house tests. In seven of the reporting countries, testing
platforms from both commercial suppliers are approved
and installed and operating in multiple testing laboratories.
The numbers of donations tested by the respective testing
systems do not reflect the distribution of numbers of tests
applied per country due to variable penetrance of the dif-
ferent commercial NAT systems within countries. Some
countries have blood centres that have introduced both
commercial suppliers NAT assays/systems and centres that
use in-house tests alone or in addition to commercial tests
(Germany and Austria). Overall, a similar number of dona-
tions were tested by Roche (13 475 731) and Novartis
(12 183 446) test systems in 2008, followed by in-house
tests (3 258 028).

The majority of countries still performed NAT on mini-
pools rather than individual donation testing in 2008,
although there has been a clear progression towards smaller
pools {e.g. 24 donations to six donations per minipool for
Roche’s system) and to individual donation testing (for
Novartis/Gen-Probe’s system). Discriminating numbers of
donations tested and NAT yield data by pool size was not
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feasible due to low numbers of donations tested in pools
Z 48. Although there was a tendency to a lower yield of
NAT positives among serologically confirmed positives for
countries with high pool size especially for HCV and HBV,
data were not conclusive. Germany with pools of 96 dona-
tions has.reported comparable rates of virus detection
{among both sero-negative and sero-positive donations)
to those observed in epidemiologically similar countries
performing HIV, HCV and HBV NAT on small pool sizes or
even individual donations. This finding serves to emphasize
the importance of sample processing and extraction tech-
niques (e.g. ultracentrifugation of large volumes of pooled

plasma as performed in Germany prior to extraction) in

addition to pool size and analytical sensitivity of NAT
assays on overall sensitivity and yield of NAT screening.

Yield of NAT testing in 2008

HIV-1

In total, 37°2 million donations were tested by HIV-1 NAT
(Table S2). Complete data were received for 33-5 million
donations (Table S3a). Of these 2189 donations {65-3/mil-
lion] tested HIV-1 NAT positive, including RNA-positive
donations with and without HIV-1 antibodies. The rate for
first-time donations (295-5/million) was 112 times that for
repeat donations (26-5/million). Almost two-thirds of the
HIV-1 positives were reported from South Africa with 1331
cases (1796:7/million); the remaining 858 HIV-1 NAT posi-
tives were derived from the rest of the reporting countries
with a compeosite rate of 26-2/million.

First-time donations from South Africa had a 22-fold
higher HIV-1 NAT positivity rate (11 037-9/million} than
repeat donations {503-2/million), whereas first-time dona-
tions (88-9/million) from the rest of the reporting countries
had only a sixfold higher rate than repeat donations
(15-4/million). It is anticipated that most of the HIV-1 NAT-
positive- repeat donors were acutely infected or incident
infections, dependent on the interdonation intervals,
whereas positive first-time donors reflect predominantly
long-standing or prevalent infections, The rate (prevatence)
of HIV-1-positive first-time donations in South Africa
exceeded that from the rest of the reporting countries by a

factor of 125, whereas the rate (incidence) of HIV- i-positive’

repeat donations in South Africa exceeded that from the rest
of the reporting countries by a factor of 33. There are sev-
eral countries in Asia and southern/eastern Europe with rel-
atively high HIV-1 prevalence and incidence rates, reflected
by overall NAT yield rates in first-time and repeat donors,
respectively, compared with the majority of the remaining
countries, but at far lower rates than for South Africa.
HIV-1 NAT-only positives. Compiled data from 2008
were reported for 37-4 million screened donations, of which
72 (1-9/million) were HIV-1 NAT-only positive (Tables 1
and S4a). Thirty-five of the 72 HIV-1 NAT-only positives
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reported in 2008 were from South Africa, with eight HIV-1
NAT-only positives identified in Spain and Thailand, five in
the USA and four in Germany. All other countries reported
no more than two HIV-1 NAT-only yield donations in 2008.

Data sorted by first-time and repeat donation status were
provided for 35-3 million donations, with 4-9 million first-
time and 30-4 million repeat donations. A total of 56 HIV-1
NAT-only positives were detected in these countries {over-
all rate of 1-6/million) with 19 HIV-1 NAT-only positive
first-time donations (3-9/million) and 37 HIV-1 NAT-only
positive repeat donations (1-2/million). Of these, 35 were
reported from South Africa, with an HIV-1 NAT-only posi-
tive rate of 131-9/million for first-time donations and
35-4/million for repeat donations.

HIV-1 NAT positives among serologically confirmed
positives. A total of 4917 HIV-1 serologically confirmed
positive donations were reported out of 39-0 million dona-
tions tested (126-1/million) {Table S5a). Of these, 2174
sero~-positive donations derived from 33-5 million screened
{64'9/million} donations had comresponding HIV-1 NAT
data assessable (Taiwan and Thailand reported serological
data only) (Tables 2 and S6a). 2130 of 2174 {37-98%) sero-
positive donations also tested HIV-1 NAT positive (Table 2}.
There was no major differerice in the proportions of sero-
positive donations with confirmed virsemia by NAT
between first-time (97-84%) and repeat (98-24%) donations.
Taking out the USA data that had lower rates of
concordance of NAT with seropositivity {only 86-59% and
93-81% of HIV-1 sero-positive first-time and repeat
donations tested NAT positive, respectively), the percentage
of HIV-1 NAT positives among serologically confirmed
positives increased to 99-29% and 98:91%, respectively, for
the rest of the reporting countries. Very high rates of
serologically positive donations were reported from Taiwan
and Thailand without reporting NAT data.

The difference in the rates of HIV-1 serologically con-
firmed positive and HIV-1 NAT-only positives per million
was a factor of 65:3. Taking out South Africa, a total of 3613
HIV-1"serologically confirmed positive donations were
reported out of 38-2 million donations tested {94-5/million);
restricting the analysis to these countries increased the ratio
of serologically confirmed positive donations to HIV-1
NAT-only positives (1-01/million) to 936,

HCv

In total, 37-2 million donations were tested by HCV NAT
{Table S2). Complete data were received for 26'6 million
donations {no HCV NAT data were reported from Spain, and

“only combined data for first-time and repeat donations were

reported from Japan) (Table S3b). Of these, 4586
(172-4/million) were HCV NAT positive, including RNA-
positive donations with or without antibodies. The rate for
first-time donations (995-2/million) was 35-fold that for
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Table 1 NAT-only pasitives in 2008

Total (first-time and repeat dona-

First-time donations Repeat donations tions}
Number Rate/ Number Rate/ Number Rate/
Region/ of tested NAT-only 1000000 of tested NAT-only 1000000 of tested NAT-only 1 000 000
country . Virus donations  positive denations  donations positive donations  donations positive donations
Africa HIv-1 90959 12 131:93 649864 23 3539 740 823 35 47-24
HoV T 90959 0 000 649 864 1 54 . 740 823 1 1-35
HBV 90958 11 12093 | 643 864 21 3231 740 823 32 43-20
Asia/Pacific HIV-1" 1362 593 1 073 8195 982 2 024 10 053 686 n 109
Hev® 811 646 9 1109 3 369 691 4 19 9 753 686 19 195
HBV® 185973 10 $3-82 542 805 12 21 5805840 101 17-40
Europe HIv-1* 174337 5 2:87 13 128 773 8 06t 16 431 874 21 128
. HOVE 375331 4 228 13228457 083 16 541 558 18 1409
HBV® 913 025 3 329 7243954 20 © 276 9 438 036 28 297
North America  HIV-1 1 678 862 i 060 8 408 812 4 048 10 087 674 5 050
HOV 170655 14 820 8300902 17 2:08 19 007 458 3 3-10
HBV 702 533 1 142 3.200 /17 7 219 3 902 95¢ 8 205
South America  HIV-1 3t 020 [} 000 20 680 0 0-00 51 700 [ 0-00
HCV 31020 0, 000 20 680 [+ 0-00 51 700 0 000
HBv No NAT
testing
Total HIV-1* 4906805 19 387 30404111 37 122 37 365 757 72 193
(all countries)  HCV® 4362532 27 819 25 569 594 33 129 37 095 225 69 1-86
HBV® 1892314 25 1321 131 637040 60 516 19887 649 169 850

NAT, nucleic acid amplification technology.
*Cumulative data only (first-time + repeat

) were reccived from Thaitand and Spain.

“Cumulative data only (first-time + repeat donations) were received from Kuwait, Thailand and Spain,
“Cumulative data only (first-.time + repeat donations] were received from Japan and Spain.

repeat donations {28-3/million). Estonia and Greece
reported the highest prevalence in first-time donations with
7336-2/million and 4249-6/million, respectively, followed
by Poland with 2886-3/million and Malaysia with
2858-3/million. Estonia and Greece also share the highest
infection rates in repeat donations with Malaysia, 1652,
134-2 and 1933 per million, respectively; the HCV infection
rate of donations from Polish repeat donors was about six-
fold lower, with 23-9 HCV-RNA-positive donations/million.
Taking out the data from Estonia, Greece, Malaysia and
Poland resulted in a rate of 778-8/million HCV NAT-posi-
tive first-time donations and a rate of 25:2/million HCV
NAT-positive repeat donations for the rest of the reporting
countries. The difference between first-time and repeat

_donations decreased to a factor of 309 with the remaining

countries, whereas for the indicated high-prevalence coun-
tries alone, the factor increases to a factor of 44:2.

HCY NAT-only positives. Compiled data were reported
for 37-1 million donations in 2008, of which &9 (1-9/mil-
lion) were HCV NAT-only positive (Tables 1 and S4b). Data
sorted by first-time and repeat donation status were
reported for a total of 29-9 million donations, including

44 million first-time and 256 million repeat donations. A
total of 60 donations were HCV NAT-only positive
(2:0/million). These HCV NAT yield donations sorted into
27 HCV NAT-only-positive first-time donations (6-2/mil-
lion) and 33 HCV NAT-only-positive repeat donations
(1-3/million). Due to low numbers of HCV NAT-only posi-
tives (see Tables 1 and S4b), further calculations were not
made as they would not provide significant insights into
the underlying epidemiology.

HCV NAT positives among serologically confirmed posi-
tives. A total of 13 903 HCV serologically confirmed posi-
tive donations were reported out of 386 million donations
tested, for a rate of 360-3/million (Table S5b}. Out of these,
6706 of 26:2 million {249-2/million) donations were assess-
able for comparison with NAT data.and analysis of rates of
nucleic acid detection among serologically confirmed
positive donations by donation type (Taiwan and Thailand
reported high numbers/rates of serologically positive dona-
tions without reporting HCV NAT data, and Japan reported
only combined data for first-time and repeat donatiens). Of
6706 serologically confirmed positive donations, 4723
(70-4%) were also HCV NAT pesitive (Tables 2 and S6b).
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Table 2 NAT positives among serologically positives in 2008

Total (first-time and repeat

First~time donations Repeat donations donations)
NAT positives NAT positives NAT positives
Number among Number among Number ameng
of tested serologicaily of tested serologically - of tested serologically
Region Virus . donations positives d positi donati positi
Africa HV-1 90 959 992/998 = 99-40% 649 B64  304/306 = 99-35% 740 823 1296/1304 = 99-39%
Hev 90 358, 33750 = 66:00% 649 864 16/29 = 5517% 740 823 43/79 = 62:03% .
HBv 90953 642/664 = 95:69% 649 864 58/68 = 1000 ' 740823 710/732 = 96:99%
Asia/Pacific HN-1 1362 593 95/95 = 100% 8 195 982 138/138 = 100% 9 558 575 233/233 = 100%
HOV' 734 314 425/566 = 75:09% 3404 048 71/148 = 4797% 4138 363 496/714 = 63-47%
HBV 110 352 709/818 = 86:67% 308 246 59/76 = 77-63% 418 598 768/894 = 85:91%
Europe - totat HIV-1 1673478 161/163 = 9877% 11 698 433  181/185 = 97-84% 13 371 911 342/348 = 98:28%
, Hov 1674459 1523/2016 = 7555% 10390293 125/180 = 69-44% 12064 752  1648/2169 = 7505%
Hev 397 829 1132/1525 = 7423% 4259078 172/293 = 58-70% 4656907  1304/1818 = 71-73%
Northern Eurape HiV-1 22572 ) 1/1 = 100% 255 425 1/1 = 100% 277 997 2/2 = 100% -
Hov 22 572 8/14 = 5714% 255 425 2/3 = 66:67% 277 997 10/17 = 58-82%
Hev 22572 3/3 = 100% 256 425 2/2 = 100% 277997 5/5 = 100%
Middle/Western Europe  HIV-1 1065 791 40/42 = 95:24% 8 447 951 62/66 = 93-84% 9.513 742 102/108 = 94-44%
’ HCV 1065 791 306/455 = 67-25% .8 447 951 32/71 = 4507% 9513 742 338/526 = 64-26%
Hav 266 153 376/442 = 8507% 3 224 325 18/20 = 90-00% 3490478 394/462 = 85-28%
Eastern Europe Hiv-1 301 839 47/47 = 100% 1491574 39/39 = 100% 1793 413 86/86 = 100%
HCV 302 820 951/1202 = 79-12% 1 496 750 88/103 = 85-44% 1799 570  1039/1305 = 79-62%
Hev 72242 688/1013 = 67°92% 589 161 151/270 = 55:93% 61 403 839/1283 = 6539%
Southern Europe HIV-1 283 278 73/73 = 100% 1503 483 79/79 = 100% 1786 758 152/152 = 100% -
HCV 283 276 258/345 = 74:78% 190 167 . 3/3=100% 473 443 261/348 = 75-00%
HBV 36 862 65/67 = 9701% 190 167 11 = 100% 227 029 66/68 = 97-06%
North America HIV-1 1652 996 144/166 = 86-75% 8 120 466 93/98 = 93-94% 9773 462 237/265 = 89-43%
HCeY 1627 850  2118/3049 = 69-47% 7602930 362/609 = 59-44% 9230780 2480/3658 = 67-80%
. HBV 1250 280 145/217 = 66:82% 5 643 853 16/76 = 21-05% 6894133 161/293 = 54-95%
‘South America HIV-1 31020 13/14 = 92-86% 20 680 9/10 = 90-00% 51 700 22/24 = 91-67%
Hev 31020 30/35 = 8571% 20 680 20/24 = 8333% 51 700 50/59 = 84-75%
HBV  No NAT testing
Total {all countries) Hiv-1 4 B11046  1405/1436 = 97-84% 28 685 425  725/738 = 9824% 33 496 471 2130/2174 = 97-98%
HCV 4158602 4129/5716 = 72:74% 22 067816 524/990 = 60-00% 26 226 418 4723/6706 = 70-43%

HBY 1849420 2628/3224 = 8151%

10 861 041 315/513 = 61-4% 12 710 461  2943/3737 = 78:75%

NAT, nucielc acid amplification technology.
*HCV Asia/Pacific: data from Israel and Japan excluded (see Table S6b).

There was a great difference between rates of HCV RNA
detection by. NAT among serc-positive first~time (71-63%)
and repeat {57-96%) donations. The ratio of serologically
confirmed to NAT-only HCV positive donations was 1937,
which is approximately two times the respective factor for
HIV-1.

HBV .

In total, 209 million donations in 2008 were reported to
have been tested by HBV NAT (Table $2). Complete HBV
NAT data were received for 3-02 million donations (no HBV
NAT data -were reported from Spain, and only combined
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HBV NAT data from first-time and repeat donations were
reported from Japan) (Table S3c}. Of these, 3081
(341-70/million) were HBV NAT positive, including both
serologically reactive and non-reactive donations. The rate
for first-time donations (2151-4/million} was 42'6 times
that for repeat donations (50-5/million). HBV NAT-positive
donations from Greece and Malaysia accounted for 1517 of
the 3081 cases, with a combined HBV DNA detection rate
of 2169-8/million; when data from these countries were
removed, there were 1564 HBV NAT positives among the
remaining reporting countries, with a combined rate of
188-0/million.
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First-time donations from Malaysia and Greece had
27-4-fold higher rates of HBV DNA detection
(10 372:9/million} than repeat donations {378-2/million),
whereas first-time donations {1 235-2/million} from the
rest of the reporting countries had a 50-8-fold higher rate
than repeat donations (24:3/million}. The infection rates of
Malaysian and Greek HBV-positive first-time donations
exceed that from the rest of the reporting countries by a
factor of 8-4, and the infection rates of HBV-positive repeat
donations from these countries exceed that from the rest of
the reporting countries by a factor of 15-6.

HBV NAT-only positives. Compiled data were reported
for 19-9 million donations, of which 169 (8-5/million) were
HBV NAT-only positive (Tables 1 and S4c). Split data for
first-time and repeat donations were reported for a total of
13-5 million donations including 1-9 million first-time and
11'6 million repeat donations. A total of 85 donations were
HBV NAT-only positive (HBV DNA-positive with negative
HBsAg and anti-HBc, if performed), for a rate of 6-3/mil-
lion. These sorted into 25 HBV NAT-only-positive first-time
donations (13-2/million) and 60 HBV NAT-only-pesitive
repeat donations (5-2/million).

Thirty-two HBV NAT yield donations were reported from
South Africa, with a HBV NAT-only-positive rate of
120-9/million for first-time donations and 32-3/million for
repeat donations, while 10 HBV NAT-only positives were
identified in Hong Kong (47-0/million) and 9 {68-7/million)
in Malaysia {Table S4c). It is important to recognize that
these three countries, as well as many others, did not per-
form routine anti-HBc testing, and consequently, their yield
numbers/rates include occult HBV infections (HBsAg nega-
tive, HBV NAT and anti-HBc¢ positive), in addition to win-
dow period cases.

The above numbers do not include 79 HBV NAT yield
donations (out of 5 077 238 combined first-time and repeat
donations for a rate of 15-6/million) reported from Japan
where anti-HBc screening is performed.

HBV NAT positives among HBsAg-confirmed positives.
A total of 20 515 HBsAg-confirmed positive donations
were reported out of 31-7 million donations tested for a rate
of 647-3/million (no serological data were reported from
Japan) (Table S5¢). Out of these, 3737 HBsAg-positive
donations detected following screening of 12-7 million
donations {294-0/million) were assessable for comparison
with HBV NAT data (Tables 2 and S6c). Of the 3737
HBsAg-positive donations, 2943 (78-75%) were HBV NAT
positive. When sorted by donation status, 2628 of 3224

(81-51%) HBsAg-confirmed positive first-time donations’

and 315 of 513 (61-40%) HBsAg-confirmed positive repeat
donations were HBV NAT positive {Tables 2 and S6¢). Tak-
ing out the data from South Africa, Greece and Malaysia
- that had high HBV infection rates, HBV DNA was detected
in 743 out of 899 {82-65%) HBsAg-confirmed positive

first-time donations and 41 out of 106 (38-68%) HBsAg-
confirmed positive repeat donations for the rest of the
reporting countries.

The ratio of HBsAg-confirmed positives to HBV NAT-
only positives was 121-4, similar to the NAT-only/serology
yield ratio for HIV-1 and lower than the ratio for HCV.
Taking out South Africa, Malaysia and Greece, a total of
16 021 HBsAg-confirmed positives were reported out of
287 million donations tested (557-7/million). This
decreases the ratio of HBsAg-confirmed positives to HBV
NAT-only-positive donations (6-0/million) to a factor of
92-95. !

Anti-HBc screening was performed in 2008 by 12 of the
37 responding countries and partially by one more country
{Table S7). However, data sets were often incomplete pre-
cluding rigorous evaluation. Focusing on the data on HBV
NAT-only positives and HBV NAT and anti-HBc positives
from those counties that reported data, either from anti-
HBc screening or from anti-HBc confirmatory testing, there
were a total of 75 HBV NAT-only-positive window period
donations and 250 HBV NAT and anti-HBc-pesitive occult
HBV infections detected {reported as HBsAg negative) out
of 10 987 306 donations; this yi¢lds rates of 6:8/million
for window period and 22-8/million for occult HBV infec-
tions, respectively. Although the yield numbers and ratios
for individual countries were quite variable (Table $7), the
data indicate that HBV NAT yield rates for occult HBV cases
(HBV NAT and anti-HBc positive) generally exceeded the
rates for acute window period infections (HBV NAT-only
positives} by a factor of 3-35.

Yield of NAT testing since introduction

NAT yield data since introduction’ of NAT screening are
summarized in Tables 3 and S8c. A total of 272 520 696
donations were screened by HIV-1 NAT, 303 196 074 were
screened by HCV NAT, and 114 286 214 were screened by
HBV NAT. Of these, 244 {0-9/million) were NAT-only posi-
tive for HIV-1, 680 {2-2/million) were NAT-only positive
for HCV, and 1884 {16:5/million) were NAT-only positive
for HBV DNA.

The number of screened donations and NAT yield data
per country are also compiled in Table S8a. Compared with
the NAT yield cases per number of donations tested in 2008
(Tables 1 and S4 a-c), there are no major differences in the
total NAT yield rates since introduction of NAT testing for

HIV-1, HCV and HBV, both regarding individual countries

and geographic regions.

Additional findings

The survey requested that countries report the distribution
of genotypes for HIV, HCV and HBV, both among the NAT
yield donations and for the countries based on other epide-
miological surveillance data. Although incomplete data
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Table 3 NAT-only positives since introduction of NAT testing

Screened

the 10-year period extending from 1998 to 2008. To our
knowledge, this is the largest data set ever compiled and
most expansive study ever published on blood donor infec-
tious disease screening.

The findings indicate remarkable progress in the imple-
mentation of molecular amplification techniques, with con-

donations

. since NAT-onty

Region/ implementation  NAT-only. positives/
country Virus  of NAT positives million
Africa Hiv-1 2 202 295 81 3678
. HCY 2 202 295 4 182
HBV 2202 295 232 105-34
Asia/ HIV-1 71-458 330 44 062
Pacific HCV 71 458 330 169 237
Hav 50 679 100 1091 - 2153
Europe Hiv-1 110 860 111 73 066
HCV 139 474 585 206 1-48
HBY 56 342 555 550 976
North . Hiv-i 87 652 586 45 51
America HCV 89 652 €87 299 334
HBV 5 062 264 n 217
South HIV-1 347 374 1 288
America HCV 408 167 2 49

HBV. No NAT testing

Total HIV-1 272 520 696 244 o9
(all countries)  HCV 303 196 074 680 224
HBV 114 286 214 1884 16:48

q interdiction of approximately 3000 viraemic
donations that would have been missed by serological
screening methods. The analysis demonstrated the success-
ful expansion of NAT screening over the 10-year period,
both in terms of numbers of countries screening and in
terms of advances in technology and automation. As docu-
mented by the more detailed analysis of practices in 2008,
the vast majority of NAT screening is now conducted with
multiplexed HIV/HCV/HBV assay performed on highly
automated instrument platforms that ensure reliable results
with excellent sensitivity and specificity. )

We believe that international bodies and regulators
should more strongly encourage and preferably require
NAT testing to improve blood safety {current recommen-
dations and regulations from the World Health Organiza-
tion, Council of Europe, Pan American Health
Organization, etc., are not yet definitive in their recom-

'NAT, nucleic acid amplification technology.

were reported for a proportion of countries, the findings
supported the conclusion that the genotypes present in

" blood donors are consistent with those reported from ather

studies in each country and region {Table S9).

In addition, the survey requested information on the
HIV, HCV and HBV serological assays employed in donor
screening, so the yield of NAT-only donations and the pro-
portion of NAT positives among sero-positive donations
could be evaluated in the context of the generation and
manufacturer of respective serological screening tests
{Table S10).

The survey asked participants to list the type and source
of run controls used to validate and track performance of
NAT assays (Table S11). Most countries performing NAT
include such controls, generally manufactured by commer-
cial vendors and supplied by the NAT vendors.

Finally, the survey requested information on the status
of testing for other infectious agents, including HTLV-1/1,

" and NAT screening for Hepatitis A Virus, Parvo B19 Virus,

West Nile Virus, Hepatitis E Virus and dengue virus {Table
$12), as well as HBV vaccination programmes (Table $13).
Conclusions

This survey included 37 countries that reported results from
NAT screening of approximately 300 million donations for
HIV and HCV and over 100 millien donations for HBV over

© 2011 The Author(s)

d for NAT testing). Although as our analysis
confirms that the yield of NAT-only units is modest refa-
tive to the yield of serological screening, the infectivity of
viraemic donations detected by NAT {with or without
detectable serological markers) is very high. Hence, the rel-
ative impact of NAT screening is arguably greater than
that of serological screening, although the existence of
sero-positive but NAT-negative donations indicates that
serological screening must be maintained even with the
most sensitive NAT testing performed on individual dona-
tions. Consequently, the incremental cost-effectiveness of
NAT is marginal since the safety benefits used in these cal-
culations are restricted to the prevention of transmission
of NAT-only yields and the cost of NAT testing remains
relatively éxpensive.

The ISBT WP-TTID believes that collection and analysis
of NAT and serological infectious disease donor screening
data shouid be performed on a more regular basis in the
future, given the expanded number of countries perform-
ing NAT, changing epidemiology of infectious diseases
and donor selection practices and the likely evolution of
NAT testing to target additional agents. Although this task
is an appropriate one for the ISBT TTID working group,
ongoing funding will be required to execute electronic
surveys and rigorously analyse compiled data on a regu-
lar basis (every 3-5 years). The authors of this Interna-
tional Forum are grateful to the companies who have
supported the working party to date and encourage their
ongoing support, as well as funding from other sources
(WHO, EU, NIH or CDC). Finally, we thank all of the

Vox Sanguinis © 2011 International Society of Blood Transfusion, Vox Sanguinis (2012) 102, 82-90
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experts and the national blood transfusion services for
their participation in completing the survey and reviewing
the manuscript.
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Transmission of cytomegalovirus (CMV) infection by
leukoreduced blood products not tested for CMV antibodies: a
single-center prospective study in high-risk patients undergoing
allogeneic hematopoietic stem cell transplantation

Thomas Thiele, William Kriiger, Kathrin Zimmermann, Till Istermann, Antje Wessel, Ivo Steinmetz,
Gottfried Dolken, and Andreas Greinacher

BACKGROUND: Measures to prevent transfusion-
transmitted cytomegalovirus (TT-CMV) infection after
hematopoietic stem cell transplantation (HSCT) include
transfusion of CMV antibody-negative blood units
and/or transfusion of leukoreduced cellular blood prod-
ucts. We assessed the incidence of TT-CMV in CMV-
seronegative patients receiving CMV-seronegative HSC
transplants, who were transfused with leukoreduced
cellular blood products not tested for anti-CMV.
STUDY DESIGN AND METHODS: In a prospective
observational study between 1999 and 2009, all HSCT
" patients received leukoreduced cellular blood products
not tested for anti-CMV. Patients were screened for
CMV serostatus and CMV-negative recipients of CMV-
negative transplants were systematicaily monitored for
TT-CMV clinicaily and by CMV nucleic acid testing.
Anti-CMV antibodies {immunoglobutin [lg}G and IgM)
were assessed after three time intervals (Interval 1,
study inclusion to Day +30 after HSCT; Interval 2, Day
+30-Day +100; Interval 3, after Day +100).
RESULTS: Among 142 patients treated with allogeneic
HSCT, 23 CMV-negative donor-patient pairs were iden-
tified. These 23 patients received 1847 blood products
from 3180 donors. All patients remained negative for
CMV DNA and none developed CMV-associated clinical
complications. This results in a risk for TT-CMV per
donor exposure of 0% (95% confidence interval, 0.0%-
0.12%). However, 17 of 23 patients seroconverted for
anti-CMV IgG, but none for anti-CMV IgM. CMV 1gG
seroconverters received significantly more transfusions
per week than nonconverters.
CONCLUSION: The risk of TT-CMV is low in high-risk
CMVresms HSCT patients transfused with leukoreduced
blood products not tested for anti-CMV. The cause of
anti-CMV |gG seroconversion is most likely passive
antibody transmission-by blood products.

2620 TRANSFUSION Volume 51, December 2011

ytomegalovirus (CMV) infection is a severe

complication in patients undergoing alloge-

neic hematopoietic stem cell transplantation

(HSCT),'? and prevention of transfusion-
transmitted CMV (TT-CMV) infection is a major issue in
transfusion medicine. The best approach how to prevent
TT-CMV is still controversial.?® -

Two main strategies are used to reduce the risk of
TT-CMV by cellular blood components. One is to use only
blood from donors seronegative for anti-CMV, and the
other is in-line leukoreduction during preparation of cel-
lular blood components because CMV is highly associated
with white blood cells (WBCs). While both strategies are
applied since the pivotal study of Bowden and colleagues

ABBREVIATIONS: HSCT = hematopoietic stem cell '
transplantation; PC(s} = platelet concentrate(s); TT-CMV =

.

t ion- itted cy lovirus.
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in 1995,% several authors still favor the use, of blood from
anti-CMV-negative donors-over transfusion of leukore-
duced nontested blood based on observational studies.>¢
As a consequence, current practice in managing patients
at high risk for TT-CMV differs largely between transfusion
services.?

We implemented in-line leukoreduction in our blood
center and omitted CMV antibody testing. Our rationale
was the high seroprevalence of anti-CMV in blood donors
of our population (50%-80% seropositivity rate’®) and the
rather long window phase between CMV infection and
seroconversion® (which could negate the value of screen-
ing for anti-CMV). We hypothesized that exclusive trans-
fusion of blood components from anti-CMV IgG-negative
blood donors paradoxically could increase the risk for
transfusing a blood product obtained during the diagnos-
tic window period. Within the diagnostic window, CMV
viremia occurs and the virus can be transmitted even by
leukoreduced blood products thereby conferring a high
risk for TT-CMV?®

Concomitantly, we started a quality assurance
program monitoring all patients undergoing allogeneic

HSCT for new CMV infection by CMV DNA nucleic acid

testing (CMV NAT) and anti-CMV testing. The analysis of
CMV-seronegative recipients receiving stem cells from
CMV-seronegative stem cell donors allowed risk assess-
ment of T{-CMV.

Here, we report our experience over one decade with
the use of in-line leukoreduced blood products not tested
for anti-CMV in this high-risk patient population at a

single institution. We found no case of T-CMV and -

provide data that the occurrence of anti-CMV IgG after
allogeneic HSCT is a marker for multiple transfusions, but
not for true CMV seroconversion in matched CMVree/neg
HSCT recipients.

MATERIALS AND METHODS

Patients and study design

This prospective, observational study at the University
Hospital Greifswald. (Greifswald, Germany} was per-
formed between January 1999 and December 2009. All
consecutive patients designated for allogeneic stem cell
transplantation and their stem cell donors were assessed
for anti-CMV- IgG and IgM as initial serostatus. CMV-
seronegative (anti-CMV IgG- and IgM-~negative) patients
were assigned for the selection of stem cell allografts from
CMV-seronegative donors and only those who received a
seronegative transplant between 1999 and 2009 were
included in this analysis.

From Day +1 after allogeneic HSCT, CMV DNA moni-
toring was performed twice a week and in addition, if
clinical symptoms suspicious for CMV infection were
“observed during daily physical examination. After

discharge, CMV DNA tests were carried out at each’

TRANSFUSION-TRANSMITTED CMV INFECTION

outpatient visit at least weekly until Day +100 after trans-
plantation. The interval was extended based on the risk
state, for example, in the case of graft-versus-host disease.
Anti-CMV IgG and IgM were assessed at the end of three
consecutive time intervals: Interval 1, from study inclu-
sion until Day +30 after HSCT; Interval 2, from Day +30
until Day +100; and Interval 3, after Day +100 at outpatient
follow-ups or at readmission.

Type and number of blood products and transfusion
dates were obtained retrospectively from the blood bank
information system. Transfusion data were assigned to the
three investigated time intervals. Weekly transfusion rates
were calculated for plasma-poor red blood cells (RBCs;
containing approx. 30 mL of plasma) and for plasma-rich
fresh-frozen plasma (FFP) and platelet concentrates {PCs;
both contain approx. 250 mL of plasmay) to allow compari-
sons between transfusion rates and anti-CMV levels after
the time intervals.

Asubgroup analysis was performed for anti-CMV IgG
kinetics in patients meeting the following criteria: 1) sero-
conversion for anti-CMV IgG at the end of Interval 1; 2)
available follow-up data throughout all three intervals; 3)
low transfusion rate during Interval 3 (<0.4 RBC units per
week and <0.2 PCs and FFPs per week); 4) absence of intra-
venous immunoglobulin (IVIG) administration.

Furthermore, the anti-CMV IgG levels in our study
cohort were compared with those of women who tested
positive for anti-CMV IgG during pregnancy screening.
These women did not receive transfusions, and anti-CMV
IgG antibodies were most likely the result of previous CMV
infections.

Recruitment of stem cell donors

Stem cell donors were chosen according to thie German
consensus:'® preference was given to HLA-identical sib-
lings upon availability. In case of HLA-identical sibling
transplantation, any constellation of CMV serology
was accepted. Matched unrelated donors with identical
CMV serostatus and up to one HLA mismatch were

" accepted. The transplantation of stem cells from a CMV-

seronegative donor to a CMV-seropositive patient was
avoided, whenever possible.

Production and provision of blood components

Blood products were produced at the Department for
Transfusion Medicine by standard blood bank proce-
dures using top and bottom blood bags (MacoPharma,
Tourcoing, France). RBCs were buffy coat reduced,
in-line leukoreduced, and 'stored in additive solution.
The majority of PCs were produced by the buffy coat
pool method." Until 2001, five to six single PCs prepared
from the buffy coat of one whole blood donation each
were pooled and leukoreduced in-line during pooling to

Volume 51, December 2011 TRANSFUSION 2621
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produce one therapeutic unit.'? After 2001, four buffy
coats and one plasma unit were pooled before a second
spin for producing one in-line leukoreduced therapeutic
unit."* Alloimmunized patients or patients requiring PCs
of blood group AB received HLA-compatible and/or AB
apheresis PCs (AS-104 cell separator, C4F and S4F aph-
eresis sets, Fresenius, Bad Homburg, Germany), all other
patients were treated with pooled buffy coat-derived
PCs.- In case of shortage of buffy coat-derived PCs,
patients also received apheresis PCs. Whenever possible,
PCs-were transfused ABO identical. Leukoreduction was
performed using filters (BioR-plus BBS for RBCs and
BioP-plus BBS PF filters for pool PCs, Fresenius) between
1999 and 2001. After 2001, RBCs and pooled PCs were
leukoreduced by filters (for RBCs, Leukoflex LCR-5,
Macopharma; and for pooled PCs, Sepacell PLX-5 filters,
ASAI Medical, Tokyo, Japan). Apheresis PCs were leuko-
reduced with in-line filters integrated in the apheresis
sets. All applied leukoreduction filters reached a residual
WBC count of less than 5x 10° WBCs per unit.’¢ The
internal quality control cutoff for residual WBCs was
1 x 10 WBCs per unit for RBCs and PCs. All quality con-
trols performed throughout the study period were below
this cutoff. FFP was prepared by processing whole blood
according to standard methods. All ceflular blood prod-
ucts were gamma irradiated with 30 Gy before transfu-
sion. IVIG was administered in case of bacterial
infections in patients with severe hypogammaglobuline-
mia. Anti-CMV testing of blood donors was omitted
throughout the entire study period.

CMV NAT

CMV NAT was performed using ethylenediaminetetra-
acetate blood or serum samples (Vacutainer, BD, Ply-
mouth, UK). CMV DNA was extracted by a DNA blood kit
{QlAamp, Qiagen, Hilden, Germany) according to the
manufacturer’s instructions. From 1999 to 2001, CMV NAT
was carried out by standard polymerase chain reaction
(PCR).1” Since 2001, CMV NAT was tested by real-time
PCR'® using a real-time PCR detection system (iCycler,

_Bio-Rad, Munich, Germany; or MX3000F, Agilent Tech-

nologies, Waldbronn, Germany).

CMV antibody testing

For anti-CMV IgG and IgM measurements, plasma
samples were collected, separated within 24 hours, and
stored below —30°C until testing by enzyme immunoassay
(Enzygnost, anti-CMV IgG or IgM, BEP IIL; Siemens
Healthcare Diagnostics, Eschborn, Germany). Anti-CMV
1gG levels were expressed in (U/L) and interpreted as posi-
tive, if a gray zone (230-550 U/L) or higher level was
detected. Cutoff for negative values was 230 U/L.

2622 TRANSFUSION Volume 51, December 2011

Statistical analyses

Comparisons were performed for transfusion ratés
between anti-CMV IgG-positive and -negative patients
after each interval and for anti-CMV IgG levels between
the study cohort and the reference cohort using the
Wilcoxon-Mann-Whitney test (SAS, Version 9.1, SAS Insti-
tuted, Cary, NC). All values are given as median and range
unless indicated otherwise. Confidence intervals (CIs) for
the risk of TT-CMV were calculated as described.”

RESULTS

Patient characteristics and clinical course -

In total, 150 allogeneic HSCTs were performed in 142
patients between 1999 and 2009 with 36 related HSCT
donors (24.0%) and 114 unrelated stem cell donations
(76.0%). Indications for allogeneic HSCT involved acute
leukemia (acute lymphoblastic leukemia, acute myelog-
enous leukemia), chronic leukemia (chronic myelogenous
leukemia, chronic lymphocytic leukemia), lymphomas
(Hodgkin's lymphoma, non-Hodgkin’s lymphoma), and
myelodysplastic/myeloproliferative disorders (myelodys-
plastic syndrome).

Atotal of 104 patients (73.2%) presented initially with
a positive CMV serostatus (anti-CMV IgG positive, anti-
CMV IgM negative) with 71 patients (50.0%) receiving
allografts from CMV-seropositive and 31 (21.8%) from
CMV-seronegative stem cell donors, respectively.

From 38 patients (26.8%) initially presenting with
CMV-negative serostatus, 23 individuals (16.2%) received
a CMV-seronegative allograft and were thus included in
the study. None of these 23 patients developed CMV
disease or CMV-associated complications after HSCT:

Characteristics of transfused blood units

In total, 1847 blood units were transfused in 23 patients
within the study period with a median of 55 (range, 3-313)
units per patient. The blood products were obtained from
3180 donors, resulting in a median donor exposure of 125
(range, 3-318) donors per patient. Patients were most
often transfused with RBCs (36 units; range, 2-136 units),
followed by PCs (25 units; range, 0-84 units} and FFPs (0
units; range, 0-182 units); 64.1% of transfused PCs were
pooled PCs and 35.9% were apheresis PCs.

The three time intervals investigated for antibody
status (see section “Incidence, kinetics, and levels of anti-
CMV”) are characterized by different transfusion rates.
Interval 1 (<Day +30) comprised 50.0% of all transfusions,
whereas 29.8% of the administered blood products were
transfused during Interval 2 (Day +30-Day +100) and
20.2% during Interval 3 (>Day +100), respectively. Interval
3 differed in length between patients, due to different
observational periods, with a median of 275 days (25 and
75% quartiles, 234 and 456 days, respectively).

CMV NAT and risk of TT-CMV

None of the serial CMV NATs performed in 23 patients
throughout the observation period became positive.
Together with the lack of clinical symptoms of CMV infec-
tion, this strongly indicates that there was no case of
TT-CMV in our cohort, resulting in arisk of TT-CMV of 0%
(95% CI, 0.0%-0.12%) per donor exposure and 0% (95% CI,
0.0%-14.31%) per patient.

Incidence, kinetics, and levels of anti-CMV
Anti-CMV status was assessable in 22 patients and all
antibody analyses were concomitantly performed for
anti-CMV IgM and IgG. In accordance with the clinical
presentation and the negative CMV-NAT, no patient sero-
converted for anti-CMV IgM. In contrast, a high incidence
of anti-CMV IgG was observed: 17 patients (77.3%) devel-
oped positive anti-CMV IgG serum levels. Five patients
(22.7%) remained CMV seronegative throughout the study
(Table 1).

We found different transfusion rates for anti-CMV
IgG-negative and anti-CMV IgG-positive patients (Fig. 1):
Interval 1, FFPs plus PCs 0.2 (range, 0-2.5) versus 2.0
(range, 1.0-6.3) units per week (p = 0.0009) and RBCs 1.0
(range, 0-3.2) versus 2.0 (range, 0.7-6.4) units per week
(p =0.0392); Interval 2, FFPs plus PCs 0.0 (range, 0-0.1)
versus 0.3 (range, 0-26.5) units per week (p = 0.0033) and
RBCs 0.2 (range, 0-0.7) versus 1.6 (range, 0-9.7) units per
week (p = 0.0079); and Interval 3, FFPs plus PCs 0.0 (range,
0-0.3) versus 1.1 ({range, 0.3-10.5) units per week
(p =0.0011) and RBCs 0.0 (range, 0-0.5) versus 1.7 (range,
0.8-3.4) units- per week (p=0.0021). All patients who
received IVIG tested positive for anti-CMV IgG after the
respective interval and showed the highest anti-CMV IgG
levels (Table 1). :

Furthermore, in a subgroup of four patients testing
positive for anti-CMV IgG after the first interval, who had
a low transfusion rate during Interval 3 (<0.4 RBC units
and <0.2 PC and FFP units/per week) and in whom
follow-up data throughout all three intervals were avail-
able, the anti-CMV IgG levels decreased over time leading
to anegative CMV serostatus (Fig. 2A). Finally, the levels of
anti-CMV IgG in our cohort (1200 U/L; range, 270-
4700 U/L) were significantly lower compared to a cohort
of actively immunized individuals (11,000 U/L; range,
690-37,000 U/L; p < 0.0001; Fig. 2B).

DISCUSSION

This prospective study provides further evidence of a
minor risk of CMV transmission by leukoreduced non-
CMV antibody-tested blood products in a high-risk
group for TT-CMV infection, that is, CMV seronegative

TRANSFUSION-TRANSMITTED CMV INFECTION

recipients of CMV-seronegative HSCT-allografts. We sys-
tematically applied highly sensitive CMV NAT to assess
early viral replication in these patients throughout allo-
geneic HSCT until at least Day +100. We did not observe
either any positive CMV NAT or a positive test for anti-
CMV IgM. This matched with the patients’ clinical
courses where no manifestations of CMV infection were
observed.

In contrast, we observed a high incidence of anti-
CMV 1gG in the study cohort, which, however, showed
much lower levels compared to actively immunized
individuals (Fig. 2B). This suggests that anti-CMV IgG
were passively transferred by the blood products in
these multiple transfused patients. Accordingly, the
weekly transfusion rates of patients testing positive for
anti-CMV [gG were significantly higher compared to
anti-CMV IgG-negative patients at all three intervals
(Table 1, Fig, 1). These findings are especially remark-
able, given that in Intervals 2 and 3, some carryover of
passively transfused anti-CMV IgG should have weak-
ened the chance of finding an association, because not
all anti-CMV IgGs passively transfused in Interval 1 had
been cleared.

Our hypothesis of passively transferred anti-CMV IgG
is further corroborated by the decrease of their levels
during intervals in which only few blood products were
transfused (Fig. 2A). In active immunization, stable or
even increasing levels of anti-CMV IgG would have been
expected. Taken together, these findings strongly support
our hypothesis of passively transferred anti-CMV IgG by
blood products as the cause for anti-CMV IgG seroconver-
sion in our study.

Qur findings are in line with earlier reports,®?
which also concluded that passive IgG transfer by trans-
fused blood products might be a likely cause for CMV
seroconversion, but these studies did not systematically
address this hypothesis by CMV NAT screening for
early CMV replication. CMV NAT has superior specificity
and sensitivity in detecting CMV replication in HSCT
patients® compared to culture-based antigen tests. We
found no _case of positive CMV NAT, which implicates
that no case of CMV replication after transfusion was
evident in our study. -

This study has the limitation of a relatively small
number of patients. Based on the 1847 transfused blood
products (obtained from 3180 donors) and no observed
case of TT-CMV, the 95% ClIs for the risk of TT-CMV in

_ our cohort was 0% to 14% per patient and 0% to 0.21%

pet donor exposure. This is in the range of the estimated
risk for TT-CMV of 95% Cls of 1% to 18% per patient
and 0.06% to 0.62% per donor exposure previously
reported® for universal leukoreduction of cellular blood
products. .

Based on our greater than 10-year experience omit-
ting CMV antibody screening, we recommend against
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TABLE 1. Weekly transfusion rates, IVIG-administration, and antl-CMV IgG levelé at the end of each interval”
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Fig. 1. Comparison of transfusion rates between anti-CMV IgG antibody-negative
and -positive patients after three time intervals. Displayed are box plots of weeldy
transfusion rates for pl rich blood units (PCs and FFPs combined, [J) and
plasma-poor RECs {&)). The median is given as line in the box plots, the mean is indi-
cated by “+." Patients testing positive for anti-CMV IgG antibodies at the end of an

interval received significantly more transfusions than CMV- gative patients.
A : B pe0.0001
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Fig. 2. Evidence for passive transfer of anti-CMV IgG by blood products. (A) Anti-
CMVIgG Tevels of four representative patients (Cases 2.5, Table 1), who received
multiple transfusions (but no IVIG) in Interval 1 and only few transfusions during
Interval 3. The decrease of anti-CMV IgG levels indicates that CMV IgG seroconver-
sion after allogeneic HSCT is caused by passive transfer of CMV 1gG antibodies with
the blood products. (B) Anti~CMV IgG levels in our study cohort were significantly
lower compared with those in women actively immunized against CMV (tested
during preg; creening) also indicating passively transferred anti-CMV IgG”~
rather than active immunization.

testing blood donors for CMV antibod-
ies. The prevalence of non-cell-bound
CMV DNA in the circulation of blood
donors, as a marker for free virus, is
highly associated with CMV seroconver-
sion of recipients whereas no CMV
DNA-emia was observed in donors who
had a positive CMV serostatus for at
least 1 year. This suggests that active
viral replication in immunocompetent
blood donors latently infected with
CMV occurs less often than in CMV-
seroconverting donors. In this context
transfusion of blood from window-
phase donations would bear the highest
risk for TT-CMV infection. Conse-
quently the use of blood components
exclusively from CMV-seronegative

" donors might increase the risk for

window-phase donations. This may in
fact even paradoxically increase the
probability for TT-CMV infection. The
second argument is the appropriate
location of resources in times of budget
restrictions. With approximately 25,000
donations per year at our transfusion
service, CMV antibody testing would
have created costs of at least €600,000
(assumed rate of 50% of donors to test
and costs of €5.0 per test) and provision
of pooled PCs would not have been pos-
sible for logistic reasons adding addi-
tional costs of approximately €100,000
for apheresis PCs.

We conclude that the risk of
TT-CMV by leukoreduced blood pro-
ducts from donors not tested for CMV
antibodies is low in CMV»e#'n¢ HSCT
recipients. From our perspective, anti-
CMV testing does not contribute to a
major increase in transfusion safety
in these patients. More efficient for
increasing transfusion safety might be
to use the resources needed for CMV
antibody testing to establish measures
reducing transfusion rates, for example,
by less toxic conditioning therapies and
implementation .of lower transfusion
triggers.
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Syphilis Rises 36% In USA In Four Years

17 Nov 201 1 Click to Print

From 2006 to 2010, the number of reported syphilis cases in the USA rose 36%. Among
young, African-American males the rate rose by 135%, according to a report issued by the
Centers for Disease Control and Prevention (CDC).

The authors explained that sexually transmitted diseases (STDs) are hidden epidemics of
huge health and economic consequences in the USA. STDs are called hidden epidemics
hecause a considerable number of infected people are unwilling to come forward openly,
and also because of the social and biologic characteristics of these types of diseases.

The authors wrote:

"Ali Americans have an interest in STD prevention because all communities are
impacted by STDs and all individuals directly or indirecily pay for the costs of these
diseases."

The CDC believes that sexually active males with male partners should be screened for
STDs once every three months, rather than yearly,

Gonorrhea - reported cases of gonorrhea fell 16% over the four-year period, down to their
lowest levels ever. However, over the last year they have risen slightly. in 2010 there were
over 300,000 reported cases. According to some CDC surveillance systems, gonorrhea is
becoming resistant to the only medication available for this disease.

Chlamydia - the number of reported cases rose 24%, due to an increase in screenings.
There were approximately 1.3 million cases reported in 2010. The majority of people in
America with Chlamydia are undiagnosed - they don't know they have it. The CDC
recommends that all sexually active young women be screened annually; less than half of
them do s0.

Syphilis - after a long period of increased rates, the incidence of syphilis dropped 1.6 since
2009. The rate among young, African-American males rose 134% from 2006 t0 2010. The
rate among African-American MSM (men who have sex with men) rose considerably, the
reported added.

Nineteen million new cases of STDs are diagnosed annually in the USA, STDs cost the
health-care system $17 billion a year.

Of those in high risk groups, only half are being tested, the authors wrote. A significant
number of infected individuals are unaware, because they have no symptoms.

Consequences of leaving an STD untreated

One quarter of sexually active Americans are young people. However, young people
represent nearly half of all new reported STDs. Sexually transmitted diseases, if left
untreated, can have long-term consequences:




# Gonorrhea and Chlamydia - if left untreated, these two STDs can cause permanent
infertility in a woman. 24,000 US women become infertile each year because of STDs.

= Syphilis - if left untreated, complications can result in brain, cardiovascular and organ

| damage. A pregnant woman who is infected can give birth to a newbomn with congenital
syphilis. Congenital syphilis can result in stillbirth, perinatal death, neurological
complications in those who survive, and physical deformity. 40% of newborns whose
mothers have untreated syphilis die.

Untreated syphilis can lead to serious skin problems, as seen below:

Primary chancre (ulceration) of untreated syphilis on the hand

= HIV risk - individuals with Chlamydia, syphilis or gonorrhea have a highsr risk of
becoming infected with HIV, according to recent studies.

The authors wrote:

"STDs are public health problems that lack easy solutions because they are rooted in
human behavior and fundamental societal problems. Indeed, there are many
obstacles to effective prevention efforts. The first hurdle will be to confront the
reluctance of American society to openly confront issues surrounding sexuality and
STDs. Despite the barriers, there are existing individual- and community-based
interventions that are effective and can be implemented immediately. That is why a
multifaceted approach is necessary to both the individual and community levels.

To successfully prevent STDs, many stakeholders need to redefine their mission,
refocus their efforts, modify how they deliver services, and accept new
responsibilities. In this process, strong leadership, innovative thinking, partnerships,
and adequate resources will be required. The additional investment required to
effectively prevent STDs may be considerable, but it is negligible when compared
with the likely return on the investment.

The process of preventing STDs must be a collaborative one. No one agency,

GO e

O

organization, or sector can effectively do it alone; all members of the community must
do their part. A successful national initiative to confront and prevent STDs requires
widespread public awareness and participation and bold national leadership from the
highest levels.”

Written by Christian Nordqvist
Copyright: Medical News Today
Not to be reproduced without permission of Medical News Today

Article URL: hitp:/mww.medicalnewstoday.com/articles/237886.php

Any medical information published on this website is not intended as a substitute for
informed medical advice and you should not take any action before consulting with a health
care professional. For more information, please read our terms and conditions.

Find us on Facebook:
www.facebook.com/mntoday !

Weekly newsletter e-mails available at: hitp://www.medicalnewstoday.com/newsletters.php

Send your press releases to pressrelease@medicalnewstoday.com
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A ProMED-mait post

http://www.prom ail.or

ProMED-mail is a program of the
International Society for Infectlous Diseases
http://www.isid.or

[With the continulng decline in the number of cases in the human
population of variant Creutzfeldt-lakob disease -- abbreviated

previously as vCID-or CJD (new var.) in ProMED-mail -- the scope of

the occasional ProMED-mall updates has been broadened to include other
prion-related diseases. In additlon to vCID, data on other forms of

CID: sporadic, iatrogenic, familial, and GSS
(Gerstmann-Straussler-Scheinker disease) are included also since they
may have some relevance to the incidence and etiology of vCID. -
Mod.CP]

In this update:

[1] UK: National CID Surveillance Unit - monthly statistics as of Wed
4 Jan 2012 - no new vCID cases.

[2] UK: caprine BSE

[3] South Korea: 1st case iCIJD

[4] South Korea: 2nd case iCID

[5] Switzerland: BSE

KKK KK

[1] UK: National CID Survelllance Unit - monthly statistics as of Wed
4 Jan 2012 - no new vCID cases.

Date: Wed 4 Jan 2012

Source: UK National CID Surveillance Unit, monthly statistics
{edited]

http://www.cld.ed.ac. uk/figures.htm

vCGID statistics
The number of deaths due to definite or probable vCID as of Wed 4 Jan 2012 remains 176. No definite/probable patient
remains alive, so the total number of definite or probable vCJD cases (dead and alive) remains 176.

The overall picture remains consistent with the view that the vCID outbreak in the UK is in decline, albeit now with a
pronounced tail. The 1st cases were observed in 1995, and the peak number of deaths was 28 in the year 2000, followed
by 20 in 2001, 17 in 2002, 18 in 2003, 9 in 2004, 5 in 2005, 5 1n 2006, 5 in 2007, 1 in 2008, 3 in 2009, 3 in 2010, and 5
in 2011,

Totals for all types of CID cases in the UK in the year 2011
During 2011, there were 148 referrals, 74 fatal cases of sporadic CJD, 2 cases of GSS, 9 cases of familial CID, 5 cases of
vCID, and 3 cases of latrogenic CID.

Since records began In 1990, there have been 2881 referrals, 1289 fatal cases of sporadic CJD, 176 cases of vCID, 92
cases of familial CJD, 68 cases of iatrogenic CID, and 45 cases of GSS.

-- Communicated by: ProMED-mail <promed@promedmail.org>

[See http://healthmap.ora/r/1INY for the interactive HealthMap/ProMED map of the UK>. - Mod.MPP]
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[2]
UK: caprine BSE Date: Sat 3 Dec 2011 Source: Emerging Infectious Diseases 17(12) 12 {edited]
http://wwwnc.cdc.qov/eid/article/17/12/11-0333 article.htm

Isolation of prion with BSE properties from farmed goat

[Authors: Spiropoules ), Lockey R, Sallis RE, Terry LA, Thorne L, Holder TM, et al. Animal Health and Veterinary
Laboratories Agency, Weybridge, Surrey, UK]

Abstract

Transmissible spongiform encephalopathies are fatal neurodegenerative diseases that include variant Creutzfeldt-Jakob
disease in humans, scrapie in small ruminants, and bovine spongiform encephalopathy (BSE) in cattle. Scrapie is not
considered a public health risk, but BSE has been linked to variant Creutzfeldt-Jakob disease. Small ruminants are
susceptible to BSE, and in 2005 BSE was identified in a farmed goat in France. We confirm another BSE case in a goat in
which scrapie was originally diagnosed and retrospectively identified as suspected BSE. The prion strain in this case was
further characterized by mouse bioassay after extraction from formaldehyde-fixed brain tissue embedded in paraffin
blocks. Qur data show that BSE can infect small ruminants under natural conditions and could be misdiagnosed as scrapie.
Surveillance should continue so that another outbreak of this zoonotic transmissible spongiform encephalopathy can be
prevented and public health safeguarded.

Transmissible spongiform encephalopathies (TSEs) are fatal diseases characterized by neurodegenerative changes in the
central nervous system that include vacuolation, gliosis, and accumulation of an abnormal isoform (PrPSc) of a naturaily
occurring host-encoded protein (PrPC) (1). According to the prion hypothesis, PrPSc is the major or the sole infectious
agent (1). Although this hypothesis has not received universal acceptance, PrPScis ubiquitous in all known naturally
occurring TSEs, and its detection is widely used for théir diagnosis.

sovine spongiform encephalopathy (BSE), a TSE of cattle, was first detected in 1986 (2) and has since been linked with
emerging TSEs in other species (3,4) including humans (5,6). Because of its ability to cross species barriers and
particularly its zoonotic potential, BSE is considered a public health risk, and extensive measures have been established to
detect and eliminate the disease.

Scrapie, a naturalily occurring TSE affecting small ruminants, has been known for centuries (7) and is not considered to
pose a public health risk (8). Under experimental conditions, however, small ruminants are susceptible to BSE, with
pathogenesis and clinical signs that are not readily distinguishable from scrapie (9-12). Additionally, the fact that small
ruminants were exposed to BSE-contaminated food before the exclusion of meat and bone meal from ruminant feedstuffs
led to the possibility that sheep and goats on commercial farms could be affected by BSE that could be misdiagnosed as
scrapie (13,14). The response to this potential risk was the implementation of extensive statutory active surveillance,
elimination, and breeding for resistance programs in the European Union (EU).

In 2005, as part of a review of historical TSE-positive cases of sheep and goats in France, a specimen from a goat
slaughtered for human consumption in 2002 was reported to be “indistinguishable from a BSE isolate on the basis of all
identification criteria avaitable.” (15). In response to this report, 2 retrospective studies were initiated in the United
Kingdom to analyze archived samples from goat cases that were initially diagnosed as scrapie (16,17). Because only fixed
material was available, both studies had to use differential immunchistochemical analysis (D-IHC), a technique that can
discriminate scrapie from experimentally induced BSE in sheep (18). These studies identified a single case, originally
diagnosed in 1990 as scrapie, that had a D-IHC signature indistinguishable from BSE (16).

iven the wide phenotypic variance of scrapie in sheep and our limited knowledge of this variance in goats, the D-IHC
vesult on its own was insufficient for an unequivocal diagnosis. In accordance with EU regulation 36/2005 (19), the case

was referred to the EU Reference Laboratory Strain Typing Expert Group, which recommended further investigation by
bioassay. '

Bloassay is conventionaily undertaken by using unfixed tissues to prepare inocula. Much historical tissue is available only
as formalin fixed-or formalin fixed and paraffin wax embedded. TSE infectivity persists in such material but with a lower
infectious titer than with unfixed frozen tissue (20). However, the potential effects on biological activity, and therefore
strain characterization, of fixation and processing are unknown. Thus, further investigation of this case required an

extensive panel of controls. We report the results of the bioassay analysis and confirm the diagnosis of BSE in.a goat in the
United Kingdom.

-- Communicated by: Terry S Singeltary Sr

{Interested readers should access the original text via the source URL above to view the full text an the references cited.
The following has been extracted from the Discussion.

“The 2 cases of naturally occurring BSE in small ruminants, the one reported here and the one identified in France (15),
occurred in different countries, during different time periods, and before strict BSE control measures were fully
implemented. Therefore, the most likely origin of these 2 cases would be exposure to BSE-contaminated food
supplements. Although in France goats constitute 14.3 percent of the small ruminant population, in the United Kingdom
they account for only 0.3 percent of small ruminants, It is intriguing, therefore, that the only naturally occurring BSE cases
in small ruminants in France and particularly in the United Kingdom were detected in goats and not in sheep, although
they have also been exposed to contaminated food supplements. A possible explanation could be that goats are generally
managed more intensively than sheep and thus might have been exposed to higher doses of the infectious agent because
of the more frequent use of concentrates in intensive dairy farming. Similar observations have been reported in cattle, in
which the Incidence of BSE was significantly higher in dairy herds and in which management is much more intensive than
in beef herds (34). In the United Kingdom, most of the commercial goat herds are kept for mitk production in a typically

http:/www.promedmail.org/direct.php?id=20120104.0027

ProMED-mail |
intensive production system, similar to dairy cattle.

The BSE case we have confirmed was 1 of 26 historic goat samples examined in the United Kingdom collected during 1984
-2002 (16,17). Since 1993, scrapie in goats has been a notifiable disease in the United Kingdom, and since 2005, samples
from all suspected cases of TSE in small ruminants are required to be tested for BSE-like features by using Western
blotting (WB) (19). No BSE cases have been identified, although an intermediate case in a goat was reported and is under
investigation by bioassay for final resolution (35,36). This screening of brain samples from all small ruminant cases offers
reassurance that BSE Is not present in the contemporary small ruminant population. However, application of WB to sheep
experimentally co-infected with BSE and scrapie detected only the scrapie agent (37). Also, in contrast to BSE, where
infectivity is mainly confined to the nervous system, in small ruminants the BSE agent is widely distributed in peripheral
tissues and can be transmitted horizontally (11,38). Therefore, feed ban measures alone would be inadequate to control a
BSE outbreak in small ruminants. Also, it would be impossible to prevent BSE from entering the human food chain through
consumption of food products derived from small ruminants. .

Because TSEs in goats are still a problem, particulatly in Mediterranean countries, our data suggest that extensive
survelllance and breeding schemes must remain in place to prevent a BSE outbreak in small ruminants and to safeguard
public health. This report also highlights several issues regarding the use of mouse bioassay to identify TSE strains. As
governing bodles seek confirmation of equivocal cases that are identified worldwide, they must be aware of the limitations,
cost, and timescale demands of confirming such cases." - Mod.CP]

[See http://healthmap.org/r/1INY for the interactive HealthMap/ProMED map of the United Kingdom. - Mod.MPP]
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[31 ' . :
South Korea: 1st case ICID Date: Wed 30 Nov 2011 Source: The Chosun Iibo [edited]
http://english.chosun.com/site/data/htmi dir/2011/11/30/2011113001421.htmi

A woman has dled of iatrogenic Creutzfeldt-Jakob disease (iCID), becoming the 1st confirmed victim of the terminal
disorder in Korea. She Is believed to have been infected during a subdural transplant surgery in the mid-1980s. The
disease is not to be confused with the similarly named variant Creutzfeldt-Jakob disease, the human form of mad cow
disease, though both-lead to disintegration of the brain. .

iCID aceurs when the prion-infected tissue of one person infects another, It has nothing to do with variant CID, which
infects humans who have eaten beef from infected cattle, health authorities said. According to the Korea Centers for
Disease Control and Prevention [KCDC] on Tuesday, [29 Dec 2011] the S4-year-old woman suffered from meningioma, a
disease that causes water to fill a certain area of the brain. In 1987 surgery was performed to remove tumors and the
dura mater that surrounded them. She had a subdural transplant over the surface of her brain with Lyodura, a German-

manufactured piece of artificial dura mater that was produced in the 1980s, [see comment below] to cover the affected
area. :

She had since lived without any special symptoms. But since 2010 she suffered from sensory disorders in the face and
feet, movement disorder, and brain disease symptoms like seizures. She rapidly deteriorated and died in November last

year [2010], 5 months after the iCID symptoms began, the KCDC added. CID normally has an incubation period of 20 to
30 years. ’

-- Communicated by: ProMED-mail from HealthMap alerts <promed@promedmail.org>

[See http://healthmap.org/r/1BIE for the interactive HealthMap/ProMED map of South Korea. - Mod.MPP)

*****¥
(4] »
South Korea: 2nd case iCID Date: Fri 8 Dec 2011 Source: Yonhap News Agency [edited]

http://english.yonhapnews.co.kr/business/2011/12/08/51/0502000000AEN20111208002700320F HTML

South Korea's health authorities on Thursday [7 Dec 2011] confirmed the country's 2nd case of Creutzfeldt-Jakob disease
(CID), a degenerative neurological disorder. A 48-year-old man was. diagnosed with iatrogenic CID (ICID) on Wednesday
[6 Dec 2011], according to the Center for Disease Control [KCDC].

The report of the country’s 2nd-ever iCID case comes after a 54-year-old woman was found last month {November 2011}
to have died from the same disease that is often transmitted by the use of defective prion proteins found in surgical tissue
graft products. The woman had received brain surgery using Lyodura, a tissue graft product, some 23 years ago. The
KCDC said the man in the latest case had also received Lyodura during brain surgery in 1988.

This form of CID [iatrogenic CID] has an incubation period of more than 20 years but once symptoms occur, death usually

takes place within a year. CID is the most common of the so-called human prion diseases with one person in every 1

million diagnosed each year worldwide. It is an invariably fatal illness with death occurring after the onset of dementia,
hallucinations, coordination dysfunction, and seizures.

The animal form of the disease is called bovine spengiform encephalopathy (BSE) which is commonly called mad cow
disease. BSE also leaves holes in the brain that resemble a sponge.

-- Communicated by: ProMED-mail <promed@promedfnall.org>

[These 2 deaths have been attributed to the use of-Lyadura, a medical product derived from cadavers and used in

http://www.promedmail.org/direct. php?id=20120104.0027
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neurosurgery. Lyadura was introduced in 1969 as a product of B Braun Melsungen AG, a leading hospital supply company
based in Germany, The product was used as a quick and effective patch material for surgery on the brain. It was a section
of freeze-dried tissue which could be stored for extended periods on hospital shelves and could be made ready for use
simply by soaking it in water for a few minutes.

The raw material for Lyodura was the dura mater of a human cadaver. The tissue would usually be harvested during an
autopsy and then sold to the manufacturer. After neurological diseases were linked to use of Lyodura, an investigation
determined that the manufacturer had obtained the donor tissue by black market methods. Autopsy staff would remove
the tissue from cadavers, regardless of whether the deceased's family had agreed to an autopsy or not, and sell it in
quantity to representatives of the manufacturer, Due to this illegal method of collection, no record of patient history
accompanied the tissue to production.

Large quantities of the harvested tissue would be mass sterilized in a heated vat. The tissue would then be freeze dried
and packaged for purchase. The manufacturer believed that its sterilization procedure was sufficiently powerful to render
any tissue harmless and was therefore unconcerned about cross-contamination from CID-containing tissue to other tissue
in the same sterilization vat. It is now believed that aimost all Lyodura product was tainted with Creutzfeldt-Jakob disease
[prion] through this process. More than 70 CJD-related deaths in Japan occurred as a consequence of use of the Lyodura

product. (From http://en. wikipedia.org/wiki/Lyodura.

An account of Lyodura use and the risk of iatrogenic Creutzfeldt-Jakob disease in Australia, by FJ Brooke, S Boyd, GM
Klug, CL Masters, and S Collins has been published in the Medical Journal of Australia; 180(4), 177-81, 2004. Tha
following information has been extracted from the Introduction to this publication: ’

"Although infectiousness is a feature of Creutzfeidt-Jakob disease (CID), only a smail proportion of cases are linked to
transmission through healthcare provision. As of January 2003, over 120 cases of CID assoclated with use of human
cadaveric dura mater had been recognised worldwide; almost all were associated with the commercial product Lyodura.
lost cases (97) have occurred in Japan, giving an overall risk estimate of around 1 per 2268 patients treated with Lyodura
.0.04 percent) in that country. In Australia, 5 cases of CID have so far been linked to Lyodura, but, given the protracted
tails of previous epidemics of transmissible spongiform encephalopathies, further cases are possible, Results of surveys of

" Lyodura use in Australia are incomplete, but information from the manufacturer suggests that 2208-2478 sheets of
Lyodura may have been used here. This use translates to a relatively high incidence of Lyodura-associated CID, with
current overall rates appearing around 5 times higher than those reported in Japan; reasons for this difference are unclear.

Creutzfeldt-Jakob disease (CID) is a fatal, transmissible, neurodegenerative disorder belonging to the group known as the
transmissible spongiform encephalopathies (TSEs). CID can occur without explanation (sporadic), secandary ta mutations
in the prion protein gene (PRNP), or as a complication of medical treatment using contaminated therapeutic agents or
equipment (iatragenic). Although corneal grafts and neurosurgical equipment have been associated with disease
transmission, the most common causes of iatrogenic CID have been treatments invelving human-derived cadaveric
pituitary hormones or dura mater. ’

The 1st identified case of CID in a dura mater recipient was reported in the United States in early 1987. In response, the
US Food and Drug Authority. issued a safety alert in April 1987, seeking immediate discontinuation of use of the identified
dura mater batch (Lyodura batch no. 2105). A 2nd patient with CID linked to Lyodura was detected in New Zealand in
1988, but the specific batch could not be identified. This has remained a frequent difficulty when tracing contamination
sources.

As of January 2003, over 120 CID cases related to dura mater use had been detected globally, with 97 in Japan. These
cases were predominantly associated with Lyodura, a commercial product produced since 1969 by B Braun Melsungen AG
Only a few reports suggest the possibitity of CID after use of dura mater from other commercial or non-commercial
sources.

Lyodura consists of lyophllised, irradiated human dura mater sourced post mortem. Additional processing with immersion
In a solution of 1M sodium hydroxide was instituted in 1987, with a noticeable reduction in Lyodura-related cases
thereafter. Lyodura has been used in a number of countries, including Australia, Japan, Canada, the United States, and the
United Kingdem, mainly in neurosurgery, but also in orthopaedic, otological, dental, urological, gynaecological, and cardiac
procedures.

Most cases of CID associated with dura mater have occurred in Japan. In 1996, in response to the growing incidence, a
survey was undertaken of Lyodura use in almost 3000 Japanese healthcare institutions. This estimated that up to 100 000
people received Lyodura grafts between 1983 and 1987, and up to 220 000 between 1979 and 1991 (out of a total of 260
000 who received dura mater grafts). Use of these grafts greatly declined after 1991 but may have continued until 1997.
Assuming that all cases of CID associated with dura mater were a consequence of Lyodura use, the overall risk of Lyodura-
associated CID in Japan is approximatety 0.04 percent.” (For further information, go to

http://www.mja.com.au/public/issues/180 04 160204/bro10566 fm.htmi).

The extreme resistance of the CID infectious agent to inactivation by irradiation and severe chemical treatments in the
Lyodura process confirms the singular nature of prions. - Mod.CP]

[See http://heaithmap.org/r/1BIE for the interactive HeaithMap/ProMED map of South Korea. - Mod.MPP]
AR R KR
(5]

Switzerfand: BSE Date: Fri 16 Dec 2011 Source: Prionics AG, e-scope newsletter [edited]
http://escope,prionics.com/issue/201 1-december-4,

http://www.promedmail.org/direct.php?id=20120104.0027

ProMED-mail |

In spring 2011, 2 new cases of BSE were discovered in Switzerland [seé ProMED-mail posting Prion disease update 2011
(10) 20111107.3317}. Both cases were detected using the Prionics(R)-Check BSE tests. A report has now been published
showing that these cases represent a novel type of BSE. What are the consequences of these new BSE cases?

After a period of 4 years without BSE positive cows, in spring this year [2011] Switzerland was shaken by the discovery of
2 new BSE cases detected only one month apart from each other. The cases appeared in different areas of Switzerland and
involved animals aged 8 and 15 years, which were tested with the Prionics{R)-Check BSE tests as part of the active
disease surveillance program. Bettina Bernhard, Head of the Prionics diagnostic laboratory reported that: "It was the 1st
time in 4.5 years that we had found a BSE positive sample in our laboratory. Based on the resuits from the Prionics(R)-
Check WESTERN, we immediately saw that the fingerprint of the prion protein was not that of the classical BSE cases we
have detected before. We then informed the Swiss National Reference Laboratory and veterinary authorities and the
positive result was confirmed with the Prionics(R)-Check PrioSTRIP."

Novel type of BSE?

BSE cases that differ from the classical BSE strain have been detected before, however, with low incidence. These atypical
strains, designated BASE/L-BSE and H-BSE, were first reported in 2004 in Italy and France. Both strains were detected as
part of routine surveillance using the Prionics(R)-Check WESTERN and ELISA tests. The recent publication by Torsten
Seuberlich of the Swiss National and OIE [World Organisation for Animal Health] Reference Laboratories for BSE and
Scraple and his colleagues, is showing that these 2 Swiss cases not only differ from classical BSE, but also from the
atypical BSE cases found in other countries. It appears that the 2 BSE cases detected In Switzeriand seem to represent a
novel type of atypical BSE. Dr Seuberlich explains: "We are how undertaking further investigations into these 2 cases and
until there Is more clarity, surveillance should continue to be cafried out at a high level and disease awareness should be
Increased. Furthermore, we have to ensure that diagnostic techniques are applied that identify such cases."

Continued vigilance needed

Whereas consumption of meat from cows affected by classical BSE has been associated with vCID, the public health
hazard from atypical BSE is unclear. Little is known about its origin and whether it can be transmitted to other animals.
~Tr_1ese cases show, however, that BSE has not been completely eradicated and that the disease can continue to occur even
with current preventive measures (such as the meat-and-bone meal ban} in place. The appearance of new strains of the

prion protein could also indicate that BSE is still evolving. Continuous monitoring will be needed to keep these new strains
under surveillance. :

-- Communicated by: Terry S Singeltary.Sr

[[See http://healthmap.org/r/1AFv for the interactive HealthMap/ProMED map of Switzerland. - Mod.MPP}
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De novo induction of amyloid-§ deposition in vivo
R Morales'?, C Duran-Aniotz'?, J Castilla24, LD Estrada®S and C Soto™2
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Alzheimer’s disease (AD), the most common type of senile demantia, s associated o the build-
up of misfolded amylold-p (Af)) in the brain. Although palling evid indi that the
misfolding and ollgomerization of Af Is the triggering event in AD, the mechanisms

responsible for the initiation of Ap

are unk . In this study, we show that

Ap deposition can be induced by Injection of AD brain extracts into animals, which, without
exposure lo this material, will never develop these al The lation of Aj

deposits increased progressively with the time after inoculation, and the Ap lesions were
observed In braln areas far fram the injection site. Our resulls suggest that some of the typlcal
brain sbnormalities assaciated with AD can be induced by a prion-like mechanism of disease

tr gh propag of p g. These findings may have broad
implieatl for ding the molecul. responsible for the Initiation of AD,
and may contribute to the develop t of new gies for di prevention and

Intervention.

Molecular Psychiatry advance online publication, 4 October 2011; dol:10.1 038/mp.2011.120
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Introduction

Alzheimer's disease (AD) is the most common type of
senile dementia, mainly affecting individuals over 65
years old. Disease manifestation is characterized by
progressive impairment of memeory and cognition,
principally produced by synaptic dysfunction and
neuronal loss. The etiology of the disease is currently
unknown and it is a matter of great interest, sz more
than 80% of AD cases arise sporadically.

Cerebral accumulation of misfolded aggregates
composed of the amyloid-f (AB) protein and hyper-
phosphorylated tau have long been associated to the
disease.*” Compelling evidence suggest that misfald-
ing and apgregation of AP might be the triggering
event, which is responsible for inducing the subse-
quent brain abnormalities.** However, it is currently
unknown why AB, which is a naturally produced
protein, begin to misfold and aggregate in the brain.
Interestingly, brain accumulation of misfolded protein
aggregates is a common feature of several neurndegen-
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erative diseases, including, besides AD, Parkinson's
disease, Huntington's disease, smyotrophic lateral
sclerosis and prion disorders,' These diseases can
have sporadic or inherited origin, except in case of
prion diseases, in which the pathology can be
transmitted by infection.* Strikingly, the infactious
agent responsible for prion diseases is composed
exclusively by the misfolded and aggregated form of
the prion protein that has the surprising ability to
propagate the disease through an infection process,
which involve the auto-catalytic conversion of the
narmal host prion protein.®

Extensive in vitro studies have shown that disease-
associated misfolding and aggregation of proteins
follow a seeding-nucleation model in which the
formation of oligomeric seeds is a slow and
rate-determining event”* In this model, protein
misfolding and aggregation is greatly acceleratad by
addition of pre-formed seeds. The seeding/nucleation
mechenism offers & plausible explanation for
the transmissibility of prion diseases by infectious
misfolded prion protein and predicts that other
misfolded proteins have the potential to transmit the
disease through a prion-like infectious process.’

Exciting recent studies have reported that AR
deposition csn be accelerated in vivo by injecting
AD brain homogenates carrying AP aggregates.®™
These studies have been done in transgenic mice
expressing a mutant form of the human amyloid
precursor protein (APP), which spontaneously devel-
op AD-like neuropatholegical elterations. Thus, the
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induction of Af deposition observed in these studies
only represents an acceleration of few months of
the spontaneous process that was set to occur by
introduction of the mutant gene. This is drastically
different from the bona fide infectious process
produced by prions in animals, which, without
inoculation with the misfolded protein, would not
spontaneously develop the disease. The goal of this
study is to demonstrate that similar to prion diseases,
an AD-like pathology can be induced in animal
models that naturally do not develop amyloid
aggregates during their lifespan.

Materials and methods

Preparation of human brain homogenates

The AD brain sample used in this study was obtained
from the cerebral cortex of a 90-year-old woman with
clinical diagnosis of AD, which was confirmed by a
post-mortem histopathological analysis. Control sam-
ple was obtained from a 163-day-old male, who did
not have any detectable amyloid deposits in the
brain (data not shown). Because of the existence of
misfolded AP aggregates in the brain of elderly
people, a young control was chosen. Samples were
taken within 2h post-mortem and frozen at —70°C.
Brain samples (cortex) were homogenized at 10% in
phosphate-buffered saline plus a protease inhibitor
cocktail (Roche, Mannheim, Germany), vortexed for
2 min and sonicated for 3s at 60 units of amplitude in
a Sonics—Vibra Cell manual sonicator (Newtown, CT,
USA). Resulting homogenates were vortexed again,
and centrifuged at 3000 g for 5min to remove tissue
debris. Supernatant was aliquoted and stored at
—70°C until use.

Intracerebral inoculations into mice

For our studies, we used mice that express the human
wild-type APP gene (HuAPPwt)."? Heterozygous trans-
genic mice were used in these experiments. Groups
of six mice were injected when 165 days old, with 2pl
of 10% brain homogenates. Injections were performed
stereotaxically in the hippocampus (both hemi-
spheres), using the following coordinates: anteriopos-
terior (AP)=—~1.8mm; mediolateral (ML}= + 1.8 mm;
dorsoventral (DV)=-1.8 mm. Animals were killed at
30, 90, 285, 450 or 585 days-post injection (dpi).

Immunohistochemistry

Paraffinized tissues were deparaffinized with three
5-min changes of xylene. Samples were later rehy-
drated and heated for 10 min at 95 °C in citrate buffer.
Cold samples were covered with 3% H,O, for 5 min.
Tissue sections were covered with M.O.M. blocking
reagent working solution (Vector Labs, Burlingame,
CA, USA) and 200! of 4GB antibody {1:1000) were
used to cover each slide overnight at 4°C. Slides
were treated with biotinylated anti-mouse secon-
dary antibody (1:200) and incubated for 30min at
room temperature. Later, samples were rinsed and
incubated with Vectastain ABC Reagent {Vector Labs)
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for 30min. Tissue sections were covered with
diaminobenzidine at room temperature, and after
gentle washing with water, they were covered with
Mayer’s Hematoxylin. Finally, samples were dehy-
drated with ethanol and xylene and mounted with
Super Mount (Innogenex, San Ramon, CA, USA} and
cover slips. Reactive astrocytes were measured by a
similar procedure, but using anti-glial fibrillary acidic
protein (GFAP) antibody. Samples were analyzed
using a Leica DMI6000 B microscope {Wetzlar,
Germany) and subjected to image analysis using the
ImagePra software (Silver Spring, MD, USA).

Thioflavin S staining

Dewaxed and hydrated tissue slides were placed
in 0.1% aqueous Thioflavin S (ThioS) solution.
Samples were later dehydrated with 95% ethanol,
followed sby two changes of 100% ethanol, and clea-
red with xylene. Tissue slides were finally covered
with resinous mounting medium. Final specimens
were stored in a dark place at 4°C until visualized.
Samples were analyzed using a Leica DMIS000 B
microscope.

Western blot

Proteins were fractionated by electrophoresis using
4-12% sodium dodecyl sulphate-polyacrylamide gels
(SDS-PAGE; Invitrogen, Carlsbad, CA, USA), electro-
blotted into Hybond-ECL nitrocellulose membrane
{Amersham Biosciences, Little Chalfont, UK) and
probed with the 4G8 antibody (1:3000) (Covance,
Princeton, NJ, USA). The immunoreactive bands were
visualized by ECL Plus Western blotting detection
system (GE Healthcare, Little Chalfont, UK), using a
UVP Bioimaging system EC3 apparatus (UVP, Upland,
CA, USA).

Statistical analysis

Results of GFAP burden were analyzed by one-way
analysis of variance followed by the Tukey’s multiple
comparison post-test using the Graph Pad Prism 5.0
software (La Jolla, CA, USA).

Results

To test whether AD can be transmissible by a prion-
like mechanism, we used a transgenic mice that
expresses human APP without any mutation (here
termed HuAPPwt).’* These animals produce AB
bearing the human sequence of the protein, but do
not develop AP deposits during their whole lifespan
{Figure 1a). This is significantly different from other
AD transgenic mice models such as the widely-used
tg2576, which expresses the human APP harboring
the Swedish mutation; as a result, these mice show
detectable AP aggregates (starting at approximately 9
months), which become very prominent by 15 months
of age (Figure 1b}).’?

We injected intracerebrally the brain extracts from a
clinically and pathologically confirmed AD patient
(Figure 2) into the hippocampus (bilaterally) of the

T
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HuAPPWE
825 days old

Tg2576
365 days old

Figure 1 Human wild-type amyloid precursor protein (APP) gene (HuAPPwt) mice do not d i i
wild : evelop amyloid-p (AB) d 1

sp_omaneouslly. {a) Brain coronal. sections from an 825-day-old HUAPPwt mouse were analyzed bl;' im;unogﬂ(stggh:nl;?ss;;

using an anti-AB antibody. The pictures were taken with two different magnifications { x 4 and x 50) to show the entire slide

1

165-day-old HuAPPwt mice. As control, we injected
brain preparations of a young individual that did not
carry amyloid deposits (data not shown), The amount
and aggregation state of AB in each of the inoculated
samples were considerably different as analyzed by
histology and Westarn blotting (Figure 2). To follow
protein deposition over time, we killed HuAPPwi
mice injected with AD and control brain extracts at
285, 450 and 585 dpi. Interestingly, only HuAPPwt
mice injected with AD brain homogenates showed
detectable AP aggregates by immunostaining with an
anti-Af antibody (4G8; Figure 3a). In contrast, none of
the mice injected with control brain homogenate
presented any AP deposit at the same ages and times
after injection (Figure 3a, left panels). Staining with
ThieS, a dye that specifically binds to amyloid
structures,' only showed positive reactivity in
some of the brains (3/7) from the group inoculated
with AD malerial, which was killed at 585 dpi (Figure
3a, right panels), None of the samples in any other
group were ThioS positive. These data suggest that
4G8-positive signals in mice killed at 265 and 450 dpi
correspond to diffuse AP aggregates, which are
considered precursors of mature ThioS-positive AD-
senile plaques.’® To rule out that the aggregates
observed do not correspond to the original inoculs,
but to de novo deposition of endogenous AR, we

and a more magnified section of the hippocampal area. (b) Bquivalent brain ‘sections of a 36! i
i i3 ; o wpar s 5-day-old tg2576, harb
fal amyloid dep . Image magnification is noted at the bottom-left corner of each picture}., 8 eruonzg

injected AD brain extracts into HuAPPwt mice and
we killed them at 30 and 80 dpi. AB deposits were not
detected in any of these mice by immunohistochem-
ical analysis (Figure 3h),

Then, we compared the morphological and staining
features of A deposits induced by inoculation of AD
brain homogenates into HuAPPwt with those
obsarved spontanecusly in the brain of 182576 mice,
which is probably the best characterized and most
widely used transgenic mouse model of AD. When
comparing the aggregates generated in HuAPPwt mice
with those in tg2576, we abserved a similar distribu-
tion of deposits, mostly located in hippocampus and
cortex. Morphologically the AP deposits were also
similar (Figure 4), albeit a bit smaller and less
compact in HuAPPwt mice, suggesting again that
they are in the way to grow into large mature plaques.
Aggregates were alsa similar in ThioS staining, and in
both cases, they are associated with an extensive
astroglial proliferation (Figure 4). Tau staining with
AT8 anti-phospho-Tau was nggative in all samples
(data not shawn).

- P:inally, to assess the progression of AB deposition
in injected mice, we subjected 4G8-stained slides to
image analysis. The percentage of mice harboring
detectable AP aggregates increased with time, reach.
ing 100% at 585 dpi (Figure 5a). We also measured the
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Figure 2 Histological and biochemical characterization of brain used as inocula. (a} Sections of the entorhinal cortex of the
Alzheimer’s disease (AD) brain used to inject human wild-type amyloid precursor protein (APP) gene (HuAPPwt) mice was
analyzed by immunohistochemistry with 4G8 anti-amyloid-B (A} antibody and 4855 anti-phospho-Tau antibody. Pictures
showing Ap and tau staining were obtained at x 40 and x 100 magnifications, respectively. (b) Western blot showing A
burden in control and AD brain homogenates used for inoculation in HuAPPwt mice. Each line represents the signal

equivalent to 10 ul of a 10% brain homogenate.

amyloid load by counting the number of Af aggre-
gates (Figure 5b) and measuring the area occupied by
amyloid deposits (Figure 5¢) in hippocampus (site of
injection] and cortex. Both the number and area of AR
deposits increased significantly with time in the two
brain regions analyzed (Figures 5h and c). The fact
that AP deposits were also detected far from the
injection site (cortex) suggests that the seeding
activity can diffuse in the brain. The extent of
astrogliosis measured by the area stained by GFAP
antibody was also higher in the animals injected with
AD brain homogenate (Figure 5d).

Discussion

Recent studies have proposed that other protein-
misfolding disorders besides prion diseases could
be transmissible in vive, following the principles
posited by the heretical prion mechanism,*¥% If this
hypothesis proves to be correct, it will open a naovel
view on the biology of misfolded protein aggregates
and the origin of protein-misfolding disorders,
which will have broad-ranging implications for
understanding the disease mechanisms and develop-
ment of new strategies for disease prevention and
intervention. In this scenario, our results demonstrate
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that the administration of brain homogenates contain-
ing AP aggregates can induce some of the neurc-
pathological characteristics of AD in animals,
which, without inoculation, will not develop thess
alterations during their natural lifespan. This experi-
mental paradigm mimie, at least with respect o
AP sggregation, a situation in which a normal
person will live his entire life without developing
AD sbnormalities, unless the process is induced by
exposure to material containing seeds of preformed
AP aggregates.

Our findings suggest that in an experimental
selting, misfolded AP aggregates can behave in &
similar way as infectious prions. Indeed, as in prion
diseases, our data shows that the quantity and degree
of maturation of the protein deposits increases with
age and that the seeding sctivity can spread to arsas
other than the site of injection. At this time, we do not
Imow which of the various AB-misfolded species are
most efficient in triggering AP aggregation, but in vitro
experiments suggest that soluble. small oligomers
may be the key factors in seeding A misfolding and
aggregation (Supplementary Figure 1), Long incuba-
tion periods are a key featurs of infectious prion
di In fact, incubation periods in Kuru, a human
prion disease, has been reported to reach more than
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Figure 3 Human wild-lype amyloid precursor protein (APP) gens (HuAPPwif) mice inoculated with Alzhsimer's disesse
{AD) brain extracts develop cerebral amyloid-p (AB) deposits, (a) HuAPPwt mice injected with brain homogenates from a
healthy individual {left panel) or an AD patient (middls and right panels) were killed at different times after injection, Brain
slides were stnined with anti-Ap (4G8) antibody (left and middle panels) or Thisflavin § (ThioS; right pansls). Picturas
correspond (o representative slides of all anfmals anslyzed. Arrows point to AB deposits typically observed in the inoculated
mice, {b) Representative slides of the hippocampus of three different mice killed 30 days-post Injection (dpi), where no AP
deposits were detected by § histochem{stry (4G8). Similar results were obtained in animals killed 80 dpi (data not
shown). Picturs magnification is indicated in the bottom-laft cormer.
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Figure 4 Amyloid- (AB) deposits in human wild-type amyloid precursor protein (APP) gene (HuAPPwt; Alzheimer's
di (AD)-injected 585 days post-injection (dpi)) and Tg2576 (365 days old} mice. The figure shows immunohistochem-
ical staining with the 4G8 monoclonal anti-AB antibody at two different magnifications { x 40 and x 200), Thioflavin S
(ThioS) staining ( x 200) and astrogliosis detected by anti-GFAP staining ( x 400). The images correspond to representative
pictures from the hippocainpus {AB and ThioS staining) or cortex (GFAP staining) of the HuAPPwt group inoculated 585
days before, with AD brain homogenate and 12-month-old 182576 mics that spontaneously developed the lesions.
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the total area analyzed, All groups consisted of six animmals, except the control in the 285 days-post injection (dpi) in which
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burden results, individual dif Were 1 d by using the Tukey's multip] {g tt " 5
i oo iy )] g ¥y ple comparison post test (*P<0.05;

G5 dpl.  450dpi 585 dpl E T T T
Hgnrn_! 5 Progressive fation of amyloid-P (AB) deposits in the brain of HuAPPwt mice. Brain slides from HuAPPwt
mice injected with normal (C) or AD brain homogenate (AD) were nalyzed for AP deposition after 4G5 | taining in
hippocampus (including the dentste girus, subicul hi | regions CA1, CAZ and CA3). (a) Percentage of

fopr decades.” These long incubation periods com-  regarding the etiology of diseases associated with
plicate epidemiological tracking of an infections accumulation of misfolded protein aggregates. It
process. Our findings added to recent experimental  remains to be studied whether at least a proportion
evidences suggesting prion-like propagation of neuro-  of AD cases could be initiated through a transmissible
pathological abnormalities in various common neuro- prion-like mechanism under natural conditions in
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m FHEHM 2011.1-2011.12 (1yr)  2005.1-2011.12 (7yr)

mERELR 279,841 1,931,847

m BHEHK 35 231

m R '0.017% (1/7,995) 0.012% (1/8,363)

m ER 39.1+/-10.9 (20-60) 41.1+/-11.9 (17 - 68)

mE. % 25:10 (71%:29%)  172:59 (74%:26%)

B Genotype (G3:G4) 30:4 (88%:12%)  212:17 (93%:7%)

B Anti-HEVHL{K

IgM(-)/1gG(-) 30 (86%) 188 (81%)
IgM(+)/1gG(-) 0 ( 0%) 3 ( 1%)
lgM(+)/1gG(+) 5 (14%) 31 (13%)
IgM(-)/18G(+) 0 ( 0%) 9 ( 4%)
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B AN & —iHEERA BALKNAEE (Japan Blood Products Organization)
AHFEH: RAMERERIT_TE4E 1 8 ABE L F—tAF 47 TH
T %P i g ETRARR 1007 & 31
EHFEMUTROFT-TAE 15
HIEFRETES : EERMET (FE)
BEHHD ERHEI0810 (FE) _
REEHF BER LEHEE X AFRTFHARFESRDRELEELBER
BIEER L. BE XB BRREHR v ABH
¥ B #4904
B HIT0EM XREOMLMLBSERAFE LEEE FEF—2)
EMEL OARES T Y BE
« BRAY 71 v ONS%EE 5g/100mL (B A AR+FEHR)
cEfL Y=/ a7 Y CSTHE%EHE 5g/100mL (BR ~ R RHE)
QOAMBET LT I HH
cFRAFT AT I 26%EE 12.5¢/50mL (B B AR
BTNV I 25%FRIE 12.5g/50mL TR R (B NR TR
cHREFETAT I 2 20%B1E 10g/50mL (B BAFR+FEL)
s BT AT R B%EHE 12.5g/250mL [NR X)) (B R_R TR
cHRTETAT I 5% 12.5g/250mL (R H AR-HEL)
@1 #REEE 55 VIR L)
cZuAxA b MOBEA 1000 BAr (B B AFR+Fi&)
@¥i HBs AfafE s 27y L 4H)
*FiHBs ASifE 7 n ) HH1E 200 A/ ImLI BiR) (3B BAFRTFHR)
* T AT Y OIH FHE 1000 B (B R YR )
OEHBEEAT v F ba s v MA
« /A T FOEBTERM 1500 BT (B Nk VAR
@®ANT F T m B
AT N B ECRE 2000 BAL TRV A (B NF AR
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