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1. Introduction

Hepatitis E virus (HEV) Is a causative agent of hepatitis in many countries and of emerging concernin -
industrialised countrles. HEV is a non-enveloped, single-stranded, positive-sense RNA virus and a
member of the family Hepeviridae. In developing countries, HEV (genotypes 1 and 2') is @ major cause
of acute hepatitis, transmitted by the faecal-oral route and associated with contamination of drinking
water. In industrialised countries, HEV (genotypes 3 and 4) has been found to be more prevalent in the
human population than originally believed. HEV genotypes 3 and 4 infect not only humans but also
animals such as swine, wild boar and deer, Zoonotic transmission of HEV genotypes 3 and 4 to humans
can occur by consumption of undercooked pork and wild boar products or by contact with infected
animals. Genotypes 3 and 4 are generally less pathogenic than genotypes 1 and 2, although serious
infections have been reported also with genotypes 3 and 4. Chronic infection with HEV genotype 3 is
an emerging concern among transplant recipients and may also occur in persons with HIV and certain
haematologic disorders.

HEV infection is widespread and blood/plasma donors are often asymptomatic, Therefore, there is a
risk for viraemic blood donations. HEV has been recognised as a transfusion transmissible agent since
2004 and transfusion-related cases have been documented in several countries (United Kingdom,
France, Japan, Saudi Arabia, People’s Republic of China). Recent analysis of blood and plasma
donations has identified HEV-infected donors in Europe and USA. Consequently, HEV-RNA has been
detected in plasma pools used for production of medicinal products.

The published reports on frequency of viraemic blood donations and studies on plasma pools indicate
that plasma pools used as starting materia! for manufacture of medicinal products can be
contaminated with HEV, In addition there have been cases with post donation information, indicating
that HEV-affected donations have entered plasma pools for fractionation.

This raises questions about the safety of plasma-derived medicinal products. The Ph. Eur. monearaph
for human plasma pooled and treated for virus inactivation (1646) was revised to Include a test for
HEV RNA (implementation date 1 January 2015}, A WHO International Standard for HEV RNA has been
established promoting the standardisation of HEV assays by nucleic acid amplification techiology
(NAT). Manufacture of other plasma-derived products includes process steps for inactivation/removal
of non-enveloped viruses. Their effectiveness against HEV is currently under investigation. HEV is
difficult to grow in cell culture and current information about susceptibility of HEV to virus
inactivation/removal steps used in the manufacture of plasma-derived medicinal products is limited.

An EMA Workshop on Viral safety of plasma-derived medicinal products with respect to hepatitis E
virus was held on 28-29 October 2014, The purpose of the workshop was to obtain further information
on the safety of plasma-derived medicinal products with respect to HEV and to provide the basis for
deciding what further action méy be needed. Key questions that were addressed were:

- Clinical experience with HEV Infections and transfusion-assoclated Infections: How serious are
HEV Infections and which patient populations may be particularly at risk?

- HEV detection and epidemiology of HEV in blood/plasma donations

- Do serum antibodies against HEV significantly neutralise?

- Latest experience from studies on inactivation/removal of HEV: Which steps are effective to
remove / Inactivate HEV? Which model viruses can be used to assess that? Do we need more
virus validation data? :

-  Risk assessment for pl}asma-derfved medical products and implication for warning statements:
Do we need risk assessments and/or warning statements?
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- NAT testing will be required in the Ph. Eur. for SD plasma. Should this also be required for any
other products? ‘

2. Discussion )
2.1. Transfusion-associated infections and clinical experience with HEV-
infections

In industrialised countries, HEV-infection with genotypes 3 and 4 can lead to an acute self-limited
hepatitis. Most infectlons are asymptomatic or mild. This Is indicated by the jarge sero-prevalence of
antibodies whereas only few cases of hepatitis E are notified per year in European countries where
reporting is practiced. It seems therefore that only few infections with genotype 3 (0.1 fo 1%) lead to
acute hepatitis. Nevertheless, given the wide distribution of HEV, hepatitis E is now the most common
form of acute enteric hepatitis in Western Europe and more clinical cases of endemic hepatitis £ than
cases of hepatitis A are diagnosed per year.

Clinical signs of hepatitis caused by genotypes 3 and 4 of HEV are indistinguishable from infections
with genotypes 1 and 2, Hepatitis is commonly associated with jaundice, anorexia, letharay, fever,
abdominal pain, and vomiting. Infection may also be associated with pruritus, weight loss, and
headaches. Acute hepatitis £ is more frequently observed in older persons (more than 40 years old)
and more than two thirds of the affected patients are men. In contrast to infections with genotypes 1
and 2, infection of immunocompetent persons with HEV genotypes 3 and 4 is mostly mild or
asymptomatic'and severe cases are rarely observed. Similar to hepatitis A, patients with pre-éxisting

- chronic/advanced liver disease are.at risk for developing liver failure after infection with HEV genotypes

1 and 2 in developing countries. Experience with genotype 3 inféction in developed countries is more
limited although cases of acute hepatitis with genotype 3 have been described. HEV infection was
retrospectiveh} found in 3-13% of cases of drug-associated liver injury. It seems that HEV Infection Is
underdiagnosed as clinicians often do not consider HEV testing of patients who have not travelled to
developing countries. )

Hepatitis E virus infection with genotypes 1 and 2 can lead to high mortality among pregnant women in
developing countries. However, no serious infections of pregnant women with genotype 3 have been
ohserved, so far.

The knowledge about extrahepatic clinical manifestation of HEV infections with genotypes 3 and 4 is
“still emerging”. Cases of arthritis, pancreatitis, bilateral brachial neuritis and encephalitis have been
described and potential association with Guillain-Barré Syndrome was discussed at the 2014 EMA

workshop,

Chronic hepatitis E has been defined as persistent viraemia for more than 3 months. Infection of
immunosuppressed persons with HEV genotype 3 can result in chronic hepatitis. Chronic HEV infection
may occur In transplant recipients, in case of haernatological mallgnancy and in HIV-infected patients.
HEV Infection takes a chronic course In about 60% of solid organ transplant recipients infected with
HEV. Persistent viraemia in transplant recipients can resolve spontaneously or can be treated by
reduction of immunosuppression or by treatment with ribavirin. However, in some cases, infection may
rapidly brogress to liver fibrosis/cirrhosis In immunosuppressed patients, In one study, cirrhosis was
observed in 9.4% of HEV RNA-positive solid organ recipients. In general, reduction of
Immunosuppression can help to clear the virus (e.g. kidney transplants). However, it may not be an
option for specific transplant recipients. (e.g, heart, liver) or it can be dangerous at haematopoietic
stem cell transplantation because of Graft-Versus-Host-Disease (GVHD) risk.
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Most HEV RNA positive bload/plasma donors do not have clinical symptoms at donation and often do
not develop symptoms after donation. Therefore they are not recognised as HEV-infected at donation

" or thereafter. Thirty-nine transfusion-transmitted infections (TTI) with HEV have been described so far

in the scientific literature. Identification of TTI may be difficult and resuits from antibody-testing have
to be Interpreted with caution. The time until seroconversion may be prolonged in
immunocompromised patients. Transfusion of anti-HEV positive plasma or administration of
immunoglobulins can lead to the déetection of antibodies to HEV. In addition, re-activation of pre-
existing chronic infections as well as re-infections of patients with an initial IgG positive status have
been observed. Other possible sources of Infection such as contaminated food have to be considered,
Therefore detection of HEV-RNA and sequence analysis is desired in-order to confirm TT1.

In France, 19 cases of post-transfusion hepatitis were declared between 2006 and October 2014,

‘Among these cases, 14 cases were declared between 2012 and 2014 (ANSM, 2014). The clinical course

of TTI with HEV ranged from mild symptoms with elevated liver enzyme values to acute cyfolytic
hepatitis. The assigned grades of severity were Grade 1 (non-severe) or Grade 2 (severe, not life-
threatening). Most TTIs in France were observed with immunosuppressed patients. All the categories
of blood components were involved in the transmission: Fresh frozen plasma (FFP) (8/19), SD-plasma
(5 cases), quarantine-FFP (1 case), amotosalen-treated FFP (2 cases), red blood cell concentrates
(7/19),‘platelet concentrates (4/19), standard platelet concentrates (2 cases), and apheresis platelet
concentrates (2 cases). The HEV RNA concentrations in donations ranged from 10*%8-10*10/ml. In
one case there was evidence for transmission by SD-plasma containing 41.4 Id/ml HEV RNA, In a
recent study from UK (Hewitt et al, 2014), there was a 42% transmission rate from viraemic blood
components, The median viraemic concentrations of donations associated with transmission was above
10" TU/ml while the median concentration of donations not associated with HEV transmission was
around 100 IU/ml. However, transmission cases from patients with low viraemia such as slightly above
100 IU/ml have been described. An estimate of 450 transfusion-transmitted infections per year by
blood components in the UK was given,

In conclusion, HEV genotype 3 is considered mainly a threat for immunccompromised people (e.g.
transplant recipients) and patients with underlying liver Impairment or disease. The clinical Symptoms
of transfusion-transmitted infections seem simifar to those from the ora! route. Blood or plasma
donations from patients with low viraemic HEV RNA concentrations such as 100 IU/ml may be
infectious.

2.2. HEV detection and epidemiology of HEV in blood/plasma donations

Sero-prevalence has been studied in various populations including blood donors from several countries
in Europe. Depending on the Individual study and region, the IgG-prevalence in Europe ranged from
1% to 52% in South Western France. In central lialy, the overall anti~-HEV 1gG prevalence was 48.9%
using a sensitive assay. In studies investigating sero-conversion, incldence ranged from 0.2 %
infections per person year fn the UK to 3.2% In South Western France. Interpretation and comparison
of the various sero-epidemiological studies is difficult. A main reason s that different antibody assays
show substantial variabillty in sensitivity and specificity. In addition, batch to batch variability of
antibody assays has been reported. A WHO standard for HEV RNA Is available. However, no
international standard for HEV-antibodies is yet available, although an anti-HEV centaining human
serum has been developed as reference reagent. ‘

Despite of the current issues with standardisation of antibody. assays, it can be concluded from the
many sero-epldemiological studies that the prevalence of HEV genotype 3 infection in the general
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population and blood/plasma denors in deveIIOped countries Is high. The sero-prevalence generally
increases with age, irrespective of gender, Prevalence of HEV genotype 3 infection in pigs (and wild
boar) is immense and zoonotic infection by raw or undercooked pork meat and offal or by contact to’
pigs is considered the main transmission route responsible for the wide distribution of HEV genotype 3
in the human population. Sero-prevalence in vegetarians is lower than in non-vegetarians. Cases of
oral transmission by contaminated shellfish and fruits have been described.

Analysis of blrth cohorts by sero-epidemiological studies indicates that HEV has been present in the
European population for a long time. Studies from UK and the Netherlands show that HEV incidence
fluctuated in the past and continues to fluctuate. An increase or re-emergence of HEV infections has
been observed in the recent years in the Netherlands.

Progress has been made in developing sensitive HEV NAT assays and a WHO standard for HEV RNA is
available. There are now many studies on HEV-RNA in blood donations. HEV RNA was detected in ¥ of
1595 up to 1:14250 blood/plasma donations depending on the assays and reglon. Plasma pools for
fractionation are composed of more than 1,000~ 10,000 individual donations. Therefore, there is a high
probability that such pools contain viraemic donations. Viraemic RNA titers from serologic window
phase donations are usually low or moderate with not more than 108 U per mi and will be difuted to
very low concentration in plasma pools for fractionation, However, peak concentrations exceeding

107 JU HEV RNA per ml have been observed in single donations afd there is a risk that such donations
enter plasma pools for fractionation. HEV RNA has been detected in plasma pools from Europe as weil
as from USA. In a study of 75 plasma pools, HEV-RNA was detected in 8 pools, HEV concentrations
were between 100 and 1000 genome equivalents per mi, (Baylis et al., 2012). :

In conclusion, infections of blood donors with HEV genotype 3 are widespread in Europe and, given the
lack of plasma donor screening, there is a high probability of viraemic donations entering plasma pools.
Although the viraemic loads are frequently low or moderate, peak concentrations of up to 107 U HEV-
RNA have been ohserved in single donations, '

2.3. Do serum antibodies against HEV significantly neutralise?

HEV-antibodies can be found In plasma for about 10 years after infection. However, antibody titres
decline with time and IgG antibody-status may change from positive to negative. This ralses questions
about long-term immunity. There is no licensed vaccine in Europe. A vaccine (Hecolin) produced from
recombinant E. co/f has been licensed in China. With this vaccine, over 87% protection from disease
has been described in a 4 years observation period for healthy subjects aged 16~-65 years. However,
protection from: (sub-clinical) Infection was more limited. Infection with HEV may develop after re-
exposure to the virus. This risk for re-infection might be higher In immunosuppressed patients. Ina
study of solid organ transplantation patients from Toulouse region In France, 3 of 6 of HEV-infections
were re-infections of seropositive patients. This indicates a limited protection by serum antibodies.

HEV particles from blood and In vitro cell cultures have been found associated with lipids while HEV
particles from faeces show the typical appearance of “non-enveloped” virus particles. The particle-
assoclated lipids seem to protect the virions from antibody-neutralisation. In vitro neutralisation of HEV
derived from serum is poor and HEV can efficiently replicate in cell culture despite the presence of HEV
antlbodies. Virions from faeces are somewhat more susceptible towards antibody-neutralisation than
serum-derived virus particles, Pre-treatment of virus particles with chloroform or detergent increased
the in vitro neutralization capacity of antibodies. However, the reduction capacity remained limited and
residual infectious virus was recovered.
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Low levels of HEV-specific antibadies may be found in plasma pools. In a study from France, anti-HEV
1gG was detected In nearly all minipools consisting of 96 test samples. Antibody concentrations ranged
fraom 0.3 to 10.6 IU/ml. Five cases of HEV-transmission by SD-plasma have been reported in France
Unfortunately, the antibody-concentrations from the implicated product batches or plasma pools were
not reported. However, given the general anti-HEV sero-prevalence in France, it seems unlikely that
none of the five implicated batches contained HEV antibody positive donatioris. One transmission case
from Canada has been implicated by several sero-conversions in reciplents of a specific SD plasma
batch.

In summary, the data presented indicate that the neutrallsation capacity of serum antibodies against
HEV is limited. Antibodies might contribute towards reduction of HEV infectivity in product
intermediates. However, it is not possible to rely on neutralizing antibodies in plasma pools or product
Intermediates preventing transmission of HEV by plasma-derived medicinal products.

2.4. Studies on inactivation/removal of HEV during manufacture of plasma-
derived products :

2.4.1 Viruses used.in validation studies

HEV
HEV is a small (27-33 nm) non-enveloped RNA virus, the only representative of the hepevirus genus in

the family hepeviridae. HEV isolates have been obtained from human plasma or human faeces, faeces
from pigs or wild boar, or liver homogenates from pigs or wild boar. Unfortunately, HEV does not grow
well in_cell culture and establishing a suitable in vitro celi culture system has been difficult.
Nevertheless, some cell cuiture systems have been developed and sufficiently high HEV titres have
been achieved for investigation of virus removal/inactivation. Okamoto and co-workers adapted a
genotype 3 from human faeces (JE03-1760F) to replicate to high titres in two human celi lines, A549
lung cells and PLC/PRF/5 hepatoma cells (Tanaka et al., 2007). The HEV genotype 3 strain Kernow-C1
was isolated from a chronically-infected patlent and has been adapted to growth in human hepatoma
cell line HepG2/C3A and a recombinant cDNA clone can be used for transfection of cells (Shukla et al,,
2011, Shukla et al., 2012). '

Infectivity assays are necessary for investigation of virus inactivation procedures. The propagation and
detaction of HEV in cell culture is hampered by the generally poor susceptibility of cultured cells to
HEV, requiring relatively high virus titres for infection. This reduces the sensitivity of studies to
deteimine the HEV reduction capacity of the manufacturing process of plasma-derived products. A
classical cytopathic effect-based Infectivity assay Is not available for HEV and infected cells must be
stained by immunological methods. Alternative read-outs for the infectivity assay such as production of
HEV RNA (or antigen) can be used. However, care has to be taken that a positive read-out represents
de novo ptoduced virus,

Alternatively, NAT can be used for Investigation of the HEV reduction capacity of manufacturing steps .
in cases where the mechanism for virus reduction Is partitioning (virus removal), e.g. for
manufacturing steps such as nanofiltration, precipitation/depth filtration, or chromatography. NAT
assays are highly sensitive, thus improving the dynamic range for demonstration of logarithmic
reduction factors. When using NAT for study of virus partitioning, It has to be kept in mind that NAT
detects virus particle-associated RNA as well as free RNA, Therefore, care should be taken to minimize
free viral nuclelc In virus spike preparations. Detection of free nucleic acids can be reduced by
enzymatic pre-treatment of samples.
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The physical form of HEV in plasma, where the virus is present as a lipid-associated form, is different
from its physical form In faeces where the virus is not lipid-associated. Similarly to plasma derived
HEV, cell culture-derived HEV is lipid-associated. The difference in physical form of the different HEV
spikes available should be taken into account when selecting the most appropriate virus spike for use
in validation studles. For instance, the efficacy of a 35N nanofiltration step could be affected by an
upstream ethanol or S/D treatment which may remove HEV assoclated lipids and thereby reduce the
size of the virus particles. Also, partitioning during cold ethanol fractionation or adsorption to ligands
may depend on whether HEV is lipid associated or not, depending on the fractionation process.
Therefore, the HEV spike should be carefully selected and a pre-treatment of virus spike according to .
the specific manufacturing procedure should be considered:

Model viryses

Estimates of the virus reduction factors for HEV could be obtained from viral validation studles carried
out with other non-enveloped viruses having similar characteristics/size. The reduction capacity of
manufacturing steps for plasma derivatives has been validated using several nen-enveloped model
viruses such as non-enveloped RNA viruses hepatitis A Virus (HAV) or encephalomyocarditis virus
(EMCV) and the small non-enveloped DNA viruses such as canine parvovirus (CPV), porcine parvovirus
(PPV) or minute virus of mice (MVM). When interpreting reduction data from HAV, it should be kept in
mind that, similarly to HEV, HAV particles from serum or cell culture can be associated with lipids.

In theory, there is a high probahility that HEV will be removed/inactivated if effective
removal/inactivation of a broad varlety of non-enveloped model viruses has been

demonstrated. However, given several peculiar physical properties of HEV in its different physical
forms, and lack of data, accurate extrapolations from model viruses are currently not always readily
possible, An important issue seems whether or not lipid association-of HEV may play a role in the
reduction capacity of the production step. The available data suggest that no single model virus or
single virus preparation seems appropriate for all different manufacttjring steps that may contribute to
HEV reduction. :

Feline calicivirus (FCV), murine norovirus (MNV), and cutthroat trout virus (CTV) have been suggested
as specific model viruses for HEV, There are suitable cell culture systems for these viruses in order to
study virus inactivation, However FCV was more susceptible than HEV toward [nactivation at low pH or
at high temperature and, therefore, cannot be considered as a suitable model for HEV inactivation in
this respect. Experience with MNV and CTV seems yet too limited to conclude how accurate these
model viruses reflect inactivation of HEV.

2.4.2 HEV reduction by specific manufacturing steps

The limited data available on this subject and the implications for further reduction studies are
discussed below.

reduction of non-enveloped viruses such as picornaviruses or parvoviruses has been demonstrated for
several cold ethanol fractionation steps. Some well-controlled fractionation steps have been found
effective for reduction of non-enveloped model viruses while others showed only moderate or non-
significant virus reduction capacity. The reduction capacity depends on the specific manufacturing step
and process conditions and, therefore, product-specific studies are needed.

Variable results have been reported so far when compating reduction of model viruses with reduction
of HEV. There have been cases where HEV reduction was comparable to reduction of model viruses

‘while, in other cases, reduction differed markedly, Interpretation and comparison of data is further
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complicated by the observation that different forms of HEV spike (e.g. serum derived or lipid-
associated HEV particles versus HEV particles from faeces or pre-treated HEV particles) showed
different partitioning. No clear partition of lipid-associated HEV particles was observed at the initial
plasma fractionation steps. In surnmary, it seems difficult to draw general conclusions on the efficacy
of specific fractionation steps for HEY reduction at this point and the relevance of data from model
viruses needs to be further clarified.

In conclusion, additional research is welcomed. Product-specific investigation of selected plasma
fractionation steps for HEV reduction is recommended In cases where effective reduction by other
manufacturing steps has not been demonstrated. The HEV-spike should be selected according to the
specific manufacturing step and pre-treatn_':ent of virus spike might be considered, As plasma-derived
virus particles seem associated with lipids, non-treated virus preparations from blood or cell culture
should be used for initial fractionation steps from plasma, while preparations pre-treated according to
the specific manufacturing process might be considered for later steps. Virus partitioning at
precipitation steps can by studied by NAT assays.

Pasteurisation

Pasteurisation is a heating procedure for 10 hours at 60°C in liquid phase. Pasteurisation has been
demonstrated to inactivate effectively HAV in many cases. The actual efficacy of inactivation depends
on the specific manufacturing conditions (e.g. the stabilisers present). Some heat resistant cell culture-
adapted HAV-strains have been described where Inactivation at pasteurisation of albumin was limited

to 2-3 log 1o while other HAV-strains show robust inactivation of more than 4 logyg.

Inactivation of HEV by pasteurisation has been investigated in few studies, so far. Inactivation in
albumin was limited ta 2-3 log ;s while effective inactivation was observed in control experiments using
buffer instead of albumin, It seems therefore that albumin has a stabilizing effect on HEV. Few studies
on pasteurisation of HEV in coagulation factors or other plasma proteins have been performed so far.
Inactivation varied from 1.3 logyp in case of pasteurisation of an alpha-1 antitrypsin preparation to
more than 4 logo at pasteurisation of a FVIII product intermediate. These differences could be
explained by the different composition {stabilisers) of the products.

The reported HEV sensitivity to pasteurisation is similar to that of the most heat-resistant HAV strains.
However, it has to be considered that only few studies have been performed using such heat-resistant
HAV-stralns and it seems, therefore, not possible to extrapolate existing validation data from HAV
towards HEV-inactivation. A heat-stable model virus such as an animal parvovirus could be selected as
worst-case model for HEV. However, with this approach, there is a risk of underestimating HEV
inactivation at pasteurisation, ‘

In conclusion, more data on the effect of pasteurisation on Inactivation of HEV is desired. Where
further investigation of pasteurisation with respect to HEV reduction is required, a product-speclfic
study with HEV itself should be performed. Infectivity assays are essential for such studies. The HEV
spike preparation can be selected according to the specific manufacturing process,

Dry heat treatment

Dry heat treatment is the key elimination step for non-enveioped viruses in the manufacture of many
complex or intermediately-purified plasma-derived medicinal products which are not processed through
a parvovirus-removing nanofiiter, Extrapolation of HAV inactivation data from validation of dry heat-
treatment to HEV seems not possible as HAV shows significant reductlon at lyophilisation. However,
such an effect has not been observed with HEV. A relatively heat-stable model virus such as an animal
parvovirus or murine norovirus could be considered as a worst-case scenario. However, the experience
is still too limited to conclude how accurately these model viruses reflect inactivation of HEV by dry
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heat treatment. Therefore, product-specific studies with HEV seem necessary. If a HEV spike 1s used it
should be determined whether the lipld-associated form or the non-lipid associated form is most
representative for the physical form of the virus at the stage of dry heat treatment. Studies should
consider robust conditions, e.g. low residual moisture during dry-heat treatment.

ofilteati
Virus reduction by nanofiltration is based on the retention of viruses basgd on their particle size.
Different types of filter membranes or hollow fibers are used. It is not always possible to define a
unique pore size of a specific filter. Virus filters have been developed for reduction of small non-
enveloped viruses such as parvoviruses. The particle size of parvoviruses is between 18 and 26nm.
These filters are sometimes called small vitus filters or small pore size filters. Product specific
validation of these filters usually includes a parvovirus and a picornavirus such as HAV or EMCV. The
particle size of non-lipid associated HEV has been specified between 27 and 33nm while the size of
picornaviruses is similar or slightly smaller.

Considering the particle sizes of HEV and picornaviruses, it seems therefore reasonable to consider
picornaviruses as a (worst case) model for HEV at virus filtration. No HEV-specific validation studies
are required for virus filters suitable for removal of parvovirus and virus reduction data from HAV or
EMCV can be considered appropriate. Effective reduction of HEV has been experimentally

confirmed (Yunoki et al, 2008) and others. It seems reasonable to postulate effective reduction of HEV
in cases where effective reduction of a picornavirus or a parvovirus has been demonstrated.

The so-called “medium pore size virus filters”, have been designed for removal of large or medium-
sized virus particles. Retention of HEV in buffer matrix was low or moderate. However, studies
presented at the workshop indicated significant reduction (ranging from 3 to 4 log 10) when virus-
spiked product intermediates were applied to the filters. One of the presented studies showed
increased reduction of cell-culture derived virus spile while reduction of faeces-derived or detergent-
treated virus was more limited. This study implies that the size of the lipid associated particles would
be greater than that of the “naked” virus particles. However it seems difficult to predict to what extent
the nature of virus particles will influence the retention at a specific manufacturing process step.

Virus filters designed for reduction of medium-sized viras particles might contribute to virus safety by
moderate reduction capacity for HEV. However, it is not possible to predict HEV reduction and product
speclfic studies seem necessary. As for other process steps, where virus removal is the mechanism of
virus redtiction, such studies might be performed using NAT assay and consideration should be given
to the appropriate spike preparation. Considering the limited reduction capacity and the potentlal
influence of the nature of spike preparation and matrix, the use of madel viruses seems not

appropriate,

Low pH
HEV is stable at low pH, as can also be deduced from its route of infection. No or limited HEV

inactivation was observed in IVIG after incubation at pH 4.2 and HEV was stable at pH 2.5 for 5 hours,
Stability of HEV at low pH seems somewhat similar to that of animal parvoviruses such as CPV. CPV
seems to be a model virus for HEV with respect to lack of sensitivity to fow pH. HEV is much more
stable to low pH than the calicivirus FCV which was investigated as a potential model virus for HEV,

In summary, there will be no gain in further investigation of the effect of low pH incubation on HEV
inactivation as no or very limited contribution of such steps Is expected during manufacture of plasma
derived medicinal products.

Chromatoqraphy
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In general, for chromatography steps, the achleved reduction factors can vary amongst the viruses,
even within the same family. The results cbtained with model viruses can therefore not be readily
extrapolated to HEV. The mechanisms of partitioning and process parameters influencing virus '
reduction (robustness) should be understood. Product-specific studies with an appropriate HEV spike
would be necessary If HEV reduction by chromatography steps is to be demonstrated. As for other
partitioning steps, NAT studies could be performed.

2.5, Risk assessment for plasima-derived medical products

Risk assessments are essential for evaluating the safety of plasma-derived medicinal products. The
general principles of virus risk assessments have been outlined in Chapter 9 of Guideline
EMA/CHMP/706271/2010 (EMA 2011). The following considerations might be helpful for performing
risk assessments with respect to HEV.,

Frequency of viraemic plasma donations and virus loads.

Virus RNA concentrations from viraemic blood or plasma donations have been recently analysed in
multiple studies. Viraemia is usually low or moderate with maximum titres below 108 1U/mi. However,
some donations with more than 10 IU /m! have been identified and the maximum concentrations
reported so far were up to 107 IU/ml, The frequency of viraemic donations ranged from less than
1:1000 to more than 1:14,000 depending on the individual donor population and the sensitivity of the
NAT assay. However, considering that current plasma pools for fractionation can be composed of more
than 10,000 donations, there is a risk that plasma pools include viraemic denations. In a worst case
scenario a donation with 107 IU/m! would be diluted in a pool of 10% donations to a concentration of
1000 IU/ml.

Virus Inactivation / removal by manufacturing process:

Effective steps for inactivation/removal of HEV are considered a key factor for the virus safety of
plasma-derivatives. The.Guideline on plasma-derived medicinal products (EMA, 2011) requests at least
one effective step with a reduction capacity in the order of 4 logyp or more for removal or inactivation
of non-enveloped viruses, For virus filtration steps using small virus filters that have been
demonstrated to remove effectively parvoviruses and/or picomaviruses (e.g. HAV, EMCV) it seems
reasonable to consider similar reduction capacity for HEV. Currently, it seems more difficult to
extrapolate model virus data from other manufacturing steps such as heating steps, other virus filters,
precipitations or chromatographic steps and HEV-specific studies might be necessary in these cases.
The specific aspects of virus inactivation/removal by individual manufacturing steps have been
discussed above.

Neutralising antibodies

The /n vitro neutralising capacity of serum antibodies against HEV Is very limited. Depending on the

" specific product intermediate and physical state of virus particles, antlbodies might moderately

contribute towards reduction of infectious virus particles. However this would have to be confirmed by
product-specific Investigations using appropriate HEV spike preparations.

Infectious dose

Experience from transfusion-transmitted Infections (TTI) was revlewed at the workshop. All kinds of
blood components for transfusion (i.e. plasma, platelet concentrates, red blood cell concentrates) have
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transmitted HEV. Plasma seemed the most risky component, probably because the viral load is highest
in plasma. However, no information is available on the partitioning of HEV into the different
components from a single blood donation. Blood components with high viraemiic titres had higher
probabilities for HEV transmission than low titre components. A median RNA concentration of TTls
above 10% IU/ml is reported. However, there is a broad variability and HEV RNA titres in bicod
donations or blood components from individual TTI cases ranged from mare than 108 1U/mi down fo
about 100 IU/mi (Hewitt et al., 2014). Considering a volume of ca 200mi of a transfused blood product
this would indicate total virus loads of at least 20,000 IU HEV RNA. The lowest TTI-associated total
RNA load reported so far was of 7056 IU HEV RNA from an apheresis platelet concentrate (Huzly et al.,
2013),

Although, the infectious dose repre'sents a slgnificant factor for risk assessment, it has to be kept in
mind that it can be associated with a considerable variability depending on the individual scenario, The
overall experience with transfusion-transmitted HEV infection is still limited.

Experience with transmission of HEV by plasma derived medicinal products

HEV has been In the donor population for a long time. A serologic study from Japan implied that HEV
might have been transmitted in the past via coagulation factors which have not been subjected to virus
inactivation/removal while there was no signal for transmission to patients receiving only virus-

inactivated coagulation factors (Toyoda et al., 2007). There have been no specific case reports of HEV

transmission via plasma-derived medicirial products (except S/D plasma). This lack of transmission
reports is reassuring. Nevertheless, it should be kept in mind that hepatitis E can be overlooked unless
specific diagnosis has been performed. Clarification of suspected transmission cases has been difficult
in cases where the plasma pools tested negative for HEV RNA and where it was not possible to retest
all individual donations contributing to the pool. '

3. Conclusion

HEV genotype 3 has been ohserved in blood/plasma donations from asymptomatic donors in developed
countries. There is a risk that such donations enter the manufacturing process of plasma-derived
medicinal products. Infections with genotype 3 are often asymptomatic or mild. As far as patient
population is concerned, HEV genotype 3 is considered a threat for immune compromised peopie {e.q.
transplant recipients) and patients with underlying liver impairment or disease. The clinical
presentation of HEV-infection can be diverse and is not yet completely known, although it is well
established that HEV can lead to prolonged or chronic Infection in immune deficient patients.

Infactions of humans and pigs with HEV genotype 3 are widespread in Europe. Some fluctuations of
incidence have been observed in the past and it is difficulk to predict the future epidemiology.
However, considering the widespread distribution of the zoonotic virus in pigs and the absence of
stringent animal health measures to reduce HEV In pigs, it cannot be expected that the epidemiological
situation will significantly improve in the near future. Given the fack of blood/plasma donor screening,
there Is a high probability that viraemic donations enter plasma pools, Although the viraemic loads are
frequently low or moderate, peak concentrations of up to 107 1Y HEV-RNA have been observed in
single donations. :

In-process testing of plasma pools for HEV-RNA using a mini-pool testing strategy (see Volimer et al,
2012) might be helpful to screen out donatlons with high virus concentrations. Similarly to screening
for HAV RNA, this could be considered as an additional safety measure contributing to the safety
margin of plasma-derived medicinal products. However, a recornmendation for a general HEV RNA

Reflection paper on viral safety of plasma-derived medicinal products with respect to
hepatitis £ virus '
EMA/CHMP/BWP/723009/2014 . -Page 12/23

15



461

462
463
464
465
466
467
468

469
470
471
472
473
474
475
476
477
478
479
480
481

482
483
434
485

486
487
488
489
490
491

492
493
494
495
496
497
-498
49%
500

501
502
503
504

screening of plasma pools for fractionatlion Is cuirently not considered., Products complying with the
Guldeline on plasma-derived medicinal products contain at least one manufacturing step effective
against non-enveloped viruses. It seems currently more important to obtaln further assurance that
steps effective against non-enveloped viruses are robust HEV inactivation/removal steps, and studies
on this issue are strongly encouraged. HEV-RNA screening might be considered for specific plasma-
derived medicinal products where the HEV reduction capacity is expected to be very low or limited.
This Is in fine with the revised Ph. Eur. monograph for human plasma pooled and treated for virus
inactivation {1646), which from January 2015 includes a test for HEV RNA.

Concerning warning statements int product Information, a general warning that the possibility of
transmitting infective agents cannot be totally excluded is included in the Guideline on the warning on
transmissible agents in summary of product characteristics (SmPCs) and package leaflets for plasma-
derived medicinal products (EMA, 2011), In addition, specific reference Is made to viruses that have
been transmitted in the past by plasma-derived medicinal products and information is included on
whether or not the measures in place for a specific product are effective for the non-enveloped
hepatitis A and parvovirus B19 viruses. No HEV transmission cases have been reported so far with the
currently produced plasma-derived medicinal products, with the exception of SD-plasma. However, it
should be kept in mind that HEV transmission could go undetected. Nevertheless, given the lack of
reported HEV transmissions and the currently incomplete information on effectiveness of
Inactivation/removal steps for HEV, it is not considered necessary or useful to introduce a specific

‘reference to HEV in the warning statements. However, one exception might be SD plasma because

there is ho effective inactivation/removal step for HEV and HEV transmissions have been reported,

The current Ph. Eur. requirement for HEV RNA testing of plasma pools for SD plasma is expected to
reduce the risk for HEV-transmissions. However, the experience with SD plasma from HEV-RNA tested
pools is as yet limited, Therefore, it is recommended to continue careful survelllance of SD plasma with
respect to potential HEV transmission.

Recognising the clear evidence for contamination of plasma donations and pools with HEV,
manufacturers are advised to perform preliminary fisk assessments for their plasma-derived medicinal
products on the basis of the available information on HEV. Consideration should also be given to
whether the product concerned Is likely to be administered to risk groups (e.g. transplant patients, and
patients with immunodeficiency or hepatic disease). These preliminary steps will allow manufacturers
to establish a priority order for further investigation of their products.

Robust inactivation/removal of HEV is the key factor towards the HEV-safety of plasma-derived
medicinal products and manufacturers are advised to assure that their manufacturing processes are
effective against HEV. It is recog'nlsed that extrapolation of virus reduction data from model viruses for
HEV might be difficult in several cases. Specific studies with HEV seem necessary for heat-treatments,
precipitations, chromatographlc methods and virus filters with size exclusion in the range 30-50nm. It

‘is recagnised that infectivity assays with HEV are technically difficult and these systems are not yet

ready to fulfll all formal requirements for validation studies. However, manufacturers are strongly
encouraged to perform additional research or investigational studies with HEV on their key steps for
inactivation/removal in the cases where data from model viruses cannot be extrapolated.

Albumin manufactured according to European Pharmacopoeia specifications and purifled by established
Cohn or Kistler/Nitschmann fractionation procésses has an excellent virus safety record and no virus-
specific risk assessments are expected according to Guideline (EMA/CHMP/BWP/706271/2010 {EMA
2011). Nevertheless, considering the limited inactivation of HEV at pasteurisation, the [imited avallable
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data on HEV-reduction during fractionation and the specificities of individual manufacturing processes,
manufacturer should investigate their fractionation process with respect to HEV reduction.

A risk assessment should be performed when sufficient data is available for each product. If the
outcome of this risk assessment should Indicate that HEV may not be sufficiently inactivated/removed,
additional measures such as improvement of virus inactivation/removal methodology or HEV testing
should be considered.

The viral safety of plasma-derived medicinal products with respect to hepatitis E virus will be kept
under review as further information becomes available.
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Appendix: summaries of individual presentations from the
EMA Workshop on Viral safety of plasma-derived medicinal
products with respect to hepatitis E virus, 28-29 October
2014

Clinical Experience with Hepatitis E Virus (Harry Dalton, Umvers:ty of
Exeter Medical School, Cornwall, UK)

H. Dalton reviewed the clinical experience with HEV infections. Acute hepatitis E, caused by HEV
genotypes 1 and 2, represents a major health issue in developing countries with high mortalities of
25% in pregnant woman and 70% in patients with chronic liver disease. In developed countries
hepatitis E, caused by genotypes 3 and 4, Is often asymptomatic or associated with mild symptoms.
However, sporadic cases of severe hepatitis have been observed and the few studies with genotype 3
also indicate a higher risk for patients with underlying liver disease. Serious infections of pregnant
woman with genotype 3 and 4 have not been observed so far. Genotype 3 may establish chronic
infection in immunocompromised patients and re-infections have been observed. Hepatitis E infections
have been under-diagnosed because physictans have not always been aware about HEV in developed
countries. It has been found that HEV was overlooked in some cases that had been wrongly diagnosed
as drug-associated liver injury. Chronic infection of immunocompromised patients, such as transplant
patients and HIV infected patients, has now been repeatedly described. The knowledge about the full
clinical spectrum of disease is still emerging. H. Dalton highlighted association of HEV with several
extrahepatic manifestations of disease such as monoclonal gammopathy of uncertain significance,
encephalitis, Bell's Palsy, ataxia/proximal myopathy, bilateral brachial neuritis, and Guillian-Barré-
Syndrome.,

HEV Experience from the Netherlands (Hans L Zaaijer, Sanquin and
Academic Medical Centre — Clinical Virology, Amsterdam NL)

H. Zaaijer presented experience from diagnostic HEV-testing in the Netherlands (NL) from 2009-2014.
Most HEV-infections were autochthonous and an average diagnostic laboratory in the Netherlands
detects now more clinical cases of endemic hepatitis E than hepatitis A. In a first study on 5239
donors, 27% were found 1gG positive, HEV RNA was detected in 1:3000 donations. However, recent
experience from monthly analysis of screening of donations for SD-plasma showed even higher
frequency of HEV RNA positive donations (up to 1:611). This and the-different distribution of RNA or
antibody positive donations among age-groups of donors Indicated fluctuations of HEV incidence in NL
with a recent increase. Pigs are still considered the predominant source for hurnan infections. So far,
there are no governmental actions against HEV-positive blood donations. H. Zaaijer pointed out that
the main source of endemic HEV infection for patients probably is contaminated food or water, and it
would be more important to uncover and eliminate this source of HEV. There seems a negligible
significance of HEV genotype 3 infectlon for immune competent babies, children, pregnant women and
adults <30 years, while HEV genotype 3 is considered a threat for immune compromised children and

adults.
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Transfusion Transmission: Hepatitis E Virus (Richard Tedder, Hepatitis E
Study Group, Transfusion Microbiology Service, NHBSTT and Blood Borne
Virus Unit, PHE, Colindale, UK)

R. Tedder presented the recent studies from UK investigating HEV in blood donations and transmission
cases, In a study on 9382 minipools (consisting of 24 donations) from blood donations collected in
2013, 0.03% of donations were HEV RNA positive and 79 donors could be identified. The median viral
RNA load of viraemic donations was 3.9 x 10% IU/m! (ranging from 50 to 2.37 x 10% IU/ml). A look
back could be completed on 43 of 60 recipients and, in 18 cases (42%), transmission could be
confirmed by identity of the virus sequences from donor and recipient, HEV genotype 3 (mailnly clade2)

- was found in all cases. All kinds of blood components (plasma, red blood cells, platelets) were

involved, The median viraemic concentrations of donations associated with transmission was above 10*-
IU/ml while the median concentration of donations not associated with HEV transmission was around
100iU/ml. However, transmission cases from patients with low viraemia (between 100IU/ml and
10001U/ml) were observed. There was only one clinical case of miid post transfusion hepatitis. Ten
reciplents developed prolonged or persistent. infection. An estimate of 450 transfusion-transmitted
infections per year by blood components in UK was given. However, zoonotic HEV transmission via

food was estimated to result in 100,000 infections per year in England,

HEV Infections Associated with Transfusion/Blood-derived Products/Organ
Transplants- Situation and Cases in France (Wahiba Oualikene-Gonin,
ANSM, France).

An overview about the HEV cases from the French hemovigilance database was presented. Nineteen
cases of post-transfusion hepatitis E have been registered between 2006 and October 2014. Amaong
these cases, 14 cases were declared between 2012 and 2014. All the categories of blood products were
involved in the transmission: (FFP (8/19) = FFP-SD (N = 5), FFP-Quar (N = 1), FFP-IA (N = 2); RBC
(7/19); Platelets (4/19) = MPC (2), PCA (2)}. Viral RNA load of donor ranged from 10%%8.10%%3 1y

/ml. The clinical course of transfusion transmitted HEV-infections ranged from mild symptoms with
elevated fiver enzyme values to acute cytolytic hepatitis. The assigned grades of severity were Grade 1
(non-severe) or Grade 2 (severe, not life-threatening). Most transfusion transmitted infections (TTIs)
in France were ohserved in immunosuppressed patients. One recipient, a solid organ transplant
patient, developed a chronic HEV-infection. In addition, two cases of suspected transmission via
plasma-derivatives were presented. However, it was not possible to confirm these cases hy sequence
analysis, as the affected plasma poois tested negative for HEV-RNA and it was not possible to test all
individual plasma donations. One transmission case in 2013 by a kidney graft could be confirmed by
sequence analysis.

Hepatlitis E in recipients of allogeneic hematopoietic stem cell
transplantation (HSCT) and organ transplantation (Annemiek van der Eijk,
Department of Viroscience, Erasmus MC, Rotterdam, NL) -

A cross-sectional study was performed of all living adult solid organ transplant (SOT) recipients
(n=1188) for whom serum or EDTA-plasma samples were available in the Erasmus Medical Center
biobank. In 12 (1%} patients, hepatitis E virus infection was identified; in 10 patients, chronic infection
developed. In a retrospective study from Erasmus Medical Centre, 8 infections were found in 328
recipients (2006-2011) of allogenic hematopoietic stem cell transplantation and 5 recipients developed
chronic Infection. All infections were by genotype 3. Five of 8 patients were misdiagnosed with graft
versus host disease (GVHD), and 3 with drug induced liver disease. Three patients had positive HEV
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638 1gG status before transplantation, which did not protect them. Four patients died with HEV viraemia
639 and signs of ongoing hepatitis and there have been cases with rapid development of cirrhosis. The 4
640  surviving patlents cleared HEV after a median period of 6.3 months, One patient was diagnosed with
641 HEV reactivation after a preceding Infection prior to allogenic HSCT. This patient was treated with

642 ribavirin and cleared HEV Infection up until this moment, Histopathology showed fibrosis in the

643 periportal area of the liver, inflammation, and necrotic hepatocytes (councilman bodies). In conclusion
644  HEV should be always included in the differenitial diagnosis of transplant patients presenting with liver
645 enzyme abnormalities. Although the symptoms of graft rejection or graft versus host disease (GVHD)
646 and HEV-infections are similar, the effects of modulating immunosuppression are contrary.

647 Hepatitis E Virus in solid orgah transplant patients (Nassiin Kamatr,
648  Toulouse University Hospital France)

649  Whereas chronic HEV Infection has been defined in the literature by detection of HEV In serum or stool
650 6 months after diagnosis, N Kamar proposed to define chronic HEV infection by persisting HEV

651 replication beyond 3 months after infection. A multicentre study involving 85 recipients of solid organ.
652 grafts was presented. 29 patients cleared the virus within the 6 months after diagnosis and 56

653 developed chronic hepatitis. The main clinical symptom was fatigue. In 8 cases, there was a

654 progression towards cirrhosis. In contrast to chronic HCV infections, mare rapid progression towards
655 cirrhosis in 2-3 years has been observed. Chronic infection is usually observed In highly

656 immunosuppressed patients. The use of tacrolimus versus cyclosporin A and low platelet counts could
657 be associated with a risk of developing chronic infection. Some immunosuppressive drugs (cyclosporin,
658 tacrolimus) promote virus replication in vitro while other (mycophenolic acid) inhibit virus replication,
659 Patients who developed a chronic infection had Jower serum concentrations of IL-1 receptor antagonist
660 and IL-2 receptor compared to those with resolving hepatitis. A considerable quasispecies

661  heterogenicity of viral RNA sequences has been observed in chronically infected patients. Chronic

662 infections of solid organ recipients can be managed by reduction of immunosuppression or by

663 treatment with ribavirin, Treatment with pegylated interferon is another option but should not be done
664 after heart, kidney or lung transplantation because of the risk for graft rejection. Two cases have been
665 observed where ribavirin treatment fafled to clear the virus. Three cases of re-infections of patients
666 with a former positive antibody status have been identified. One of these re-infections resulted in

667 chronic infection.

668 HEV in Europe and Latin America (José M. Echevarria, National Centre of
669  Microbiology, Spain)

670 In Europe, the anti HEV seroprevalence ranged from 1.1 to 14% depending on the geographic regibn
671 and the individual study. The different performance of avallable anti HEV assays seems to be, at least
672 in part, responsible for the various outcomes, The prevalence of HEV in pigs is immense and zoonotic
673  transmission by pig meat Is considered the main source of infection. Epidemiology of hepatitis E virus
674 infection in Latin America Is more complex, In Chile, Argentina, Brazil, and Bolivia, infections were by
675 genotype 3 while in Caribbean regions infections were due to genotype 1, Seroprevalence ranged from
676 5 to 20% but was found up te 30-70% in some studies, Isolated Amazonian population showed a

677  distinct pattern of seropositivity with 30% [n the age group of 21 to 30 years.
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Detection of HEV infections and epidemiology in Italy (Anna Rita
Ciccaglione, Istituto Superiore di Sanita, Italy )

The Italian national surveillance system for acute viral hepatitis (SEIEVA) collects data from Local
Health Units covering 72.6% of the Italian population. Between 2007 and 2011, 49.4% of 6761
notlfied acute viral hepatitis cases were attributed to HAV and only 1.2% to HEV. Travel to endemic
countries (India, Bangladesh) and consumption of seafood were the most prominent risk factors.
However, HEV seems to be under-diagnosed or under-reported. Serum-samples from 84 patients with
non-A to non-C acute hepatitis were tested for HEV infection and 38 of them (33.3%) could be
attributed to HEV. Genotypes 1 and 3 were identified in positive serum samples. In 2014, a study on
313 blood donors from Abruzzo (a rural reglon of central Italy located in the Apennines mountains)
found two HEV genotype 3-RNA positive donors and 153 (48.9%) anti- HEV IaG-positive donors. In this
study, the only risk factor independently-associated with anti-HEV IgG positivity was the consumption
of raw dried pork-liver sausage. In another study conducted in 2013 on blood donors from Lazio,
central Italy, anti-HEV IgG prevalence was found to be much lower (9%). '

Hepatitis E Virus Assay Standardization (Sally A. Bayhs, Paul-Ehrhch-
Institut, Langen, Germany)

In 2009, the Paul-Ehrlich-Institut started to develop an HEV RNA standard on behalf of the WHO. The
1* WHO International Standard (IS) for HEV RNA (code number (6329/10) was established in October
2011 and was assigned a unitage of 250,000 international units (IU)/ml based on the collaborative
study data. The standard has been derived from a HEV genotype 3a RNA-positive plasma donation
from Japan. The PEI is currently developing a WHO international reference panel representing al! four
HEV genotypes. A secondary standard for HEV RNA has been prepared for the Biologicals
Standardization Programme {BSP127) of the European Directorate for the Quality of Medicines and
HealthCare to support the implementation of HEV NAT testing for $/D-treated plasma; there are now
at least 10 commercially-available NAT assays and several of them have a CE mark according to
Directive 98/79/EC on in vitro diagnostic medical devices.

Performance of I1gG tests is very variable and also batch to batch variability has heen observed. The
consequences are a Jack of comparability of results from different assays, significant discrepancies in
performance and poor concordance between assay results. The serological WHO international reference
reagent (95/584) was prepared at NIBSC and established by the ECBS in 1997. It is a lyophilized
preparation of pooled sera from a patient in the US who developed acute hepatitis following travel to
India. It was not estabiished as an IS because the number of laboratories able to particip'ate in the
coltaborative study was limited (n=7). There is a need for a validation of all existing serology tests and
the poor performance of existing assays has led to underestimation of the seroprevalence of HEV, a
matter which was highlighted at the consensus workshop on HEV at NIH in 2012 as well as by the
WHO SAGE working group on the HEV vaccine in 2014,

Investigation about potential HEV-transmission through SD-plasma and
HEV epidemiology in Canadian blood donors (Anton Andonov, Public Health
Agency of Canada, Canada)

Anton Andonov presented a study Indlcating HEV transmission via SD Plasma. A serological follow up of

17 patlents treated with 40 litres of SD-plasma for thrombotic thrombocytopenic purpura showed anti-

HEV 1gG/IgM in two cases who also became viraemic one month post exposure while no markers of
HEYV infection were observed in patients treated with cryo-poor plasma. None of the patients
demonstrated any clinical signs of viral hepatitis during.the 6-month period of observation, HEV
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722 seroprevalence in Canadian swine herds is high ranging from 38% to 88%. The number of laboratory
723 confirmed human HEV cases reported from 2006 to 2013 in Canada fluctuated between 10 and 41 per
724 year. The majority of these were travel related. During the same period of observation only a dozen of
725 autochthonous HEV cases belonging to genatype 3a have been confirmed both by serology and PCR. A
726 recent study on 14,000 blood donors found anti~ HEV IgG in 5.9% which is lower than the

727  seroprevalence seen in other surveys of blood donors in North America. Seroprevalence was

728 significantly higher in older age groups and males. None of 14,000 blood donors were viraemic for HEV
729  (threshold of detection 25G IU/ml). ‘

730  SD plasma and neutralization of HEV antibodies (Jaques Izopet, University
731 of Toulouse, France)

732 In France, 558 testing pools {96 donations) for SD plasma corresponding to 53,234 plasma donations
733 from Nov 2012 to Dec 2013 were tested for HEV-RNA (sensitivity 23 IU/mt) and antibodies. Twenty-
734 two pools were HEV RNA positive indicating that HEY RNA was detected in 1 of 2200 donations, The
735 median viral RNA titre of positive donations was 10** IU/mi with individua! values ranging from 468
736 IU/ml to 5 x 10° IU/mi. Frequency of positive donations was higher in South France than in North

737  France and higher in males than in females. Nearly all 96-pools were positive for anti HEV with

738  concentrations ranging from 0.3 to 10.6 U/ml. The proportion of subgenotypes characterized in France
736 corresponded to that observed in pig populations. Preclinical trials with candidate vaccine in rhesus

740 macaques indicated that a level of more than 100 IU/mi anti-HEV correlated with 50% reduction in

741 infection. Experience with HEV vaccine from China indicates that protection against HEV infection by
742 immunity is not abselute in immunocompetent individuals. With this vaccine, over 87% protection from
743 disease has been demonstrated for healthy subjects aged 16-65 years in a 4 years observation 'peﬁod.
744 However, protection from (sub-clinical) infection was more limited. In a prospective study of 263 solid-
745 organ recipients at Toulouse University Hospital, six HEV infections were found in a 1 year follow up,
746 Three of them were re-infections as patients had a positive IgG status at the beginning. Re-infection
747 resolved spontaneously in two cases while one case showed chronic infection. The experience with

748  solid organ transplant recipients shows that serum antibodies do not protect immunocompromised

749 patients. An'/n vitro antibody neutralisation assay has been developed. The neutralisation capacity of
750 antibody positive plasma depended on the virus spike preparation. A limited neutralisation capadcity (1-
751 2.2 logy) could be measured using plasma with 50 IU/ml anti-HEV and HEV-spike without lipid-

752 associated virus particles while virus reduction was always below 1 log; using lipid-associated virus
753 spike.

754  HEV reduction in Virus Inactivation/Virus Elimination steps of plasma
755 products manufacturing processes (Benoft Flan, LFB, France)

756 Aninfectivity assay has been developed at the Laboratoire de Virologie, Toulouse (J. Izopet) using

757 HepG2/C3A cells and an adapted HEV genotype 3f isolate. The read out is de novo production of viral
758 RNA. With this system, a virus stocks with 108 - 10'® HEV RNA copies/ml - corresponding to 5 l0g;o
759 TCIDs / ml could be obtained. A study on pasteurisation (at 58 £ 1°C) of a 20% albumin using cell-
760 culture derived virus spike showed 2logy, inactivation after 10 hours. Inactivation kinetics was similar
761 to delayed inactivation of some heat-resistant HAV strains reported in the literature (Farcet et al.

762 Transfusion 2012 52:181-7). Pasteurisation of HEV in an intermediate from alpha-antitrypsin

763 production showed only 1.3 logio reduction indicating that the specific matrix or composition of

764 stablilisers can influence HEV Inactivation. Cell culture derived virus spike in PBS was significantly

765 removed (24,55 log10 reduction of infectivity) by Pall DV50 filters while reduction was lower (3 10910)
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when a faeces-derived virus spike or an NP40 treated virus spike was used. This indicated that the
lipid-assaciation of virus particles can Influence particles size and virus retention; in these latter
conditions HEV reduction was higher than HAV (CHCI3 treated) reduction (1.4 l0g,0). Product-specific
investigation of HEV-reduction at Planova 35N filtration of von Willebrand factor using a detergent-
treated spike showed more than 2.5 logyy reduction of HEV infectivity and Planova 35N flltration of an
immunoglobulin intermediate using ethanol treated virus spike showed 3 logg reduction of HEV RNA,
In vitro neutralisation experiments were performed using intravenous immdnoglobulin (IVIG)
preparations, There was no Inactivation of cell culture-supernatant derived virus while faeces derived
virus was moderately neutralised (1.8logsy and 2logye reduction of infectivity). Virus stocks were also
pre-treated with ethanol in order to simulate potential HEV-contaminants from IVIG production. There
was a combined effect of ethanol-treatment and neutralisation leading to 2.8logy overall reduction of
infectivity. In addition to virus reduction data, a review of viraemic titres from blood/plasma donation
was presented and TTI were reviewed in order to define an infectious dose for HEV (correspondenca
between HEV RNA and infectivity) for the HEV risk assessment of plasma-derived medicinal products.

Hepatitis E Virus: Baxter inactivation / removal data. Thomas R. Kreil,
Baxter BioScience, Austria

RNA transcripts from the recombinant Kemow-C1 clone were used to transfect HepG2/C3A cells and
supernatants from transfected cells could be used to infect fresh HepG2 celis. Read out for infectivity
assay was by immunofluorescence analysis. When invéstigating the suitability of HEV RNA as read out,
there was a virtual increase in HEV-concentration from inoculated CHO cells which are not permissive
for HEV replication. This increase probably represented desorption of virus particles from inoculated
cells, Therefore, NAT read-outs should be interpreted with care. An alternative virus spike was HEV
from an infected pig liver homogenate. Partitioning steps were investigated by NAT using both virus
spikes. 3.6 and 4.1 log,p reduction could be demonstrated for FVIII immuno-affinity chromatography
and HEV was removed to below the limit of detection (up to >4.2 logsg) for a Cohn II4-IIT extraction
step from IgG-purification. Reduction at the fractionation step was comparable to that of HAV and FCv,
At pasteurisation of albumin, HEV inactivation was at least 3 logs. Treatment of virus stocks with

" solvent/detergent {SD) and C18 column chromatography to remove SD reagents resulted In reduction

of infectivity by less than 1 log;,. As expected, HEV was removed to below the detection limit by
Planova 20N filtration.

HEV Reduction by Selected Manufacturing Steps of CSL Behring’s Plasma-'
derived Products (Albrecht Groner, CSL Behring, Germany)

An in vivo assay has been developed at the Friedrich-Loeffler-Institut — Federal Research Institute for
Animai Health, Germany, In an inactivation study for VWF/FVIII intermediate (pasteurisation of
stabllised aqueous solution of VWF/FVIII for 10 h at 60°C), samples of the intermediate spiked with a
fiitered liver homogenate from a wild boar with HEV genotype 3 prior to pasteurisation were
pasteurised and inoculated into piglets. Read outs for infection of piglets were the time course of HEV
RNA in faeces and detection of HEV RNA In bile after termination of study. This study showed
inactivation of HEV in the order of at least 4 loge. Combined precipitation and adsorption steps from
the VWF/FVIII manufacturing process were studied using NAT demonstrating an overall removal
capacity of 3 logig. In summary, the overall reduction capacity was found comparable to that
indicated by studies with HAV or B19V/CPV. Furthermore, cell culture derived cutthroat trout virus
(CTV) was splked into Ig-Matrix and infectivity could be removed below the detection limit by Pall -
DV20 filtratfon. ' ‘ :
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8l0  Plasma Products HEV Program Update (Rodrigo Gajardo, Grifols, Spain)

811 A double/complementary approach to study HEV removal/inactivation In different plasma derivatives
812 production processes steps was presented i.e, investigation of new virus models for HEV and

813 development and application of an HEV infectivity assay. The new HEV infectivity assay was described,
814  The calicivirus murine norovirus (MNV) was Investigated as a mode! for HEV inactivation by dry-heat
815  treatment. Inactivation kinetics were slower than that of HAV, however, MNV was inactivated (around
816  4-5logyp) after treating of FVIIL/VWF at 48-72h at 80°C. In addition inactivation of HEV was studied by
817 infectivity assay. A mean reduction factor of 3.7 logye (2 runs, residual infectivity detected) could be
818  achleved using a detergent pretreated virus spike, with similar inactivation kinetics. HEV removal at
819 partitioning steps (precipitation/depth filtration) from IVIG production were also studied using HEV

820  infectivity assay and an overall reduction capacity of 6 log;; could be observed. Nanofiitration of

821 another IVIG product using filters designed for parvovirus removal were found effective for removal of
822 HEV by Infectivity (= 5.4 ldgp). Finally a comparison of HEV removal/inactivation results with other
823 non-enveloped viruses was made showing similar results.

824 - Experiences of HEV elimination during the manufacturing process steps and
825 the suitable model viruses (Mikihiro Yunoki, Japan Blood Products
826 Organization, Japan)

827 Evidence indicating that anti-HEV IgG / IgM may have no or only weak neutralising activity against
823 HEV infection was reviewed. Adsorption experiments of HEV to protein G indicated that lipids may be
829  attached to viral particles and inhibit (interfere with) IgG binding. Maternal antibodies failed to protect
830 agaihst mother to piglets infection and transfusion transmitted infection (TTI) with anti HEV containing
831 denation has been observed in Japan.

832  Hepatitls E virus isolates In albumin solutions were inactivated slowly at 60°C for 10 h and the logy,
833 reduction factor (LRF) varied from 1.0 to >3:0. Heat stability of HEV depended on the concentration of
834 albumin, Non-detergent treated HEV spike from serum was found to be more resistant, The virus was
835 slowly inactivated in a freeze dried fibrinogen containing stabilisers and the LRFs were 2-0 and 3-0,
836  respectively, after 72 h at 60° C, but inactivated to helow the detection limit within 24 h at 80 °C with
837 an LRF of more than 4-0. Studies on partitioning at ethanol fractionation steps showed different

838 behaviour of virus spikes according to their origin {serum, faeces) or pretreatment. It was found

839 difficuit to predict HEV-reduction from data with EMCV or CPV and reduction of HEV was more limited
840  than that of model viruses. HEV was stable at Shours incubation at pH 3.0 or pH2.5. Filtration

841 experiments showed effective removal at Planova 20N filtration while reduction at Planova 35N

842 filtration was limited to about 3 logsy.

83  PPTA perspective on risk assessment for plasma-derived medicinal
844  products and implications for warning statements (Ilka von Hoegen,
845  Plasma Protein Therapeutics Association)

846 I. von Hoegen summarised PPTA’s point of view, PPTA member companies have demonstrated HEV
847 reduction capacity of manufacturing protess steps such as virus filtration/nanofiltration, heat

848  (pasteurisation, dry-heat) treatment, and partitioning steps. No HEV transmission by plasma-derived
849  medicinal products (PDMPs) has been reported with virus-inactivated products and a recent study
850 {Modrow et al. Vox Sang 100:351-8, 2011) failed to detect HEV RNA in different coagulation factor
851 concentrates. Toyoda and collaborators have reported a suspected HEV transmission by non-virus
852 inactivated coagulation factor concentrate in Japan. The warning statements in the Guideline on the

Reflection paper on-viral safety of plasma-derived medicinal products with respect t6
hepatitis E virus
EMA/CHMP/BWP/723009/2014 Page 22/23
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warning on transmissible agents in summary of product characteristics (SmPCs) and package leaflets
for PDMPs (EMA/CHMP/BWP/360642/2010 rev, 1) make specific reference to viruses that have been
transmitied In the past by PDMPs but do not, for instance, make a specific reference to vCID, PPTA
does not consider the addition of a warning statement on HEV as justified as no HEV transmission has
been reported for “state-of-the-art” PDMPs. The warning statement should indicate the remaining
potential risk of transmitting infective agents by PDMPs, i.e. the general statement In the SmPC and
package leaflet, “the possibility of transmitting Infective agents cannot be totally excluded. This also
applies to unknown or emerging viruses and other pathogens,” is considered appropriate and
sufficient.

Risk assessment for plasma-derived medical products and implication for
warning statements, IPFA Perspective (Frangoise Rossi, International
Plasma Fractionation association).

F. Rossi pointed out that HEV is not an emerging virus and the virus has been in the donor population
for a long time. Infections are most of the time inapparent and there has been no report of
transmission associated with the use of plasma-derivatives. An overall risk analysis shows that
blood/plasma donations can contain HEV RNA, However viraemia is usually [ow or moderate and due to
exposure to HEV in a significant part of the donor population, plasma pools also contain HEV antibodies
which may contribute to the safety of plasma products through neutralisation. There Is some indication
that neutralization can' contribute to HEV reduction in the context of IgG. However, virus particles
associated with lipids are non neutralisable. Experimental data, reported so far, indicate significant
removal/inactivation of HEV during manufacture of plasma-derived medicinal products and product-
specific evaluation was not generally recommended. Only for the few products with lower safety
margin, a scientific evaluation could/would be beneficial. When performing theoretical risk
assessments, care should be taken not to overestimate the risk and data are available which indicate a
minimum infectfous dose in the order of 10,000 IU HEV RNA. Specific warning statements for HEV were
not recommended for the SmPC as the objective Is to inform on “established/proven risk only”,

In conclusion, available information and risk assessment for plasma-derived medicinal products
according to the current state of knowledge support the safety regarding the HEV transmission risk
Implementation of additional regulatory measures (such as pool NAT testing or product-specific
validation studies} will not contribute to improving safety for patients.

Reflection paper on viral safety of plasma-derived medicinal products with respect to

‘hepatitis E virus .
EMA/CHMP/BWP/723005/2014 Page 23/23
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INFECTIOUS DISEASE UPDATES

'PARVOVIRUS B19

A study conducted in German blood donors and recipients did not find evidence of transfusion-
transmitted parvovirus B19 (TT-B19V) infection among 424 recipients of B19V DNA-positive blood
components. BI9V infection in humans is typically acquired via the upper respiratory tract, but ttansmis-
sion through transfusion has been demonstrated. While natural B19 infections are generally benign,
severe morbidity can be associated with infection in patients with accelerated erythropoiesis, -of HIV-
infected patients, and when the developing fetus is infected in utero. To assess the threat posed by blood

. products by B19V, David Jul, of the Institute of Transfusion Medicine, in Lubeck Germany, performed a
look-back study based on previously acquired data on B19 infected donors and investigated the extent to
which potential TT-B19V infections might have occurred. In 132 out of 424 recipients, the researchers
could detect no anti-B19V IgG before transfusion. In 67 out of these 132 susceptible recipients, a follow-
up sample was available. Sixty-five of these received blood components from donors with <10*IU B19V
DNA/ml plasma and had no evidence of TT-B19V inifection. Homology in genome sequences in donors
and recipient provided evidence for TT-B19V infection in two recipients; the patients received RBC

(continued on page 11)
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INFECTIOUS DISEASE UPDATES (continued from page 10)

containing 3.4 x 10° and 1.8 x 10* IU B19V DNA/ml plasma, respectively. Neither had signs or symyp-
toms clearly attributable to the fransmissions. “TT-B19V infections through blood components with low
(<10 TU/ml plasma) B19V DNA concentrations did not occur in our stmdy, One of the TT-B19V infec-
tions occurreéd from RBC with intermediate BI9V DNA concentration despite the presence of potential
neutralizing antibodies in the donor, but its clinical significance was low,” concluded the authors.

Citation: Jul D, ef al. Look-back study on recipients of Parvovirus B19 (B19V) DNA-positive blood
components. Vox Sang. 2015 June 5. [Epub ahead of print]

MALARIA

‘The Centers for Disease Control and Prevention recently posted an updated malaria information
and prophylaxis table, available- online, This table is now updated with the most current information
from the Health Information for International Travel 2014 (CDC’s Yellow Book). Those interested may

sign up for CDC e-mail updates here to receive e-mails regarding the most current malaria prophylaxis
information. (Source: CDC e-mail updates, 7/6/15) é

STOPLIGHT®: Status of America’s Blood Centers’ Blood Supply

Percent of Regional Ihventory at
2 Days Supply or Less, July 8 2015

Total ABC Red Cell Inventory

12%

0%

3%

[P

East Midwest South Wast

DONo Report ‘ B Green (3 days or more)

Percent of Total ABC Blood Supply
Confributed by Each Reglon
East: 20%; Midwest; 25%; South: 24%; West: 31%

DYsllow {2 days) B Red (1 day or lass)

Daily updates are avallabls at:
www.AmericasBlood.org
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Estimation of the infectious viral !oad'required for
transfusion-transmitted human T-lymphotropic virus type 1

infection (TT-HTLV-1) and of the effectiveness of leukocyte
reduction in preventing TT-HTLV-1
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Background and Objectives The risk of transfusion-transmitted human T-lympho-
tropic virus fype 1 infection (TT-HILV-1) after prestorage lencocyte reduction
(LR) remains unknown, as the proviral load in the blood component that would
canse TI-HILV-1 is undetermined. On the basis of the distribution .of HILV-1
proviral load among HTLV-1-sero-positive blood donors, we attempted to esti-
mate the proviral load for transfusion-related infectivity, We also discuss the
effectiveness of LR in preventing TT-HTLV-1.

Materials and Methods The HTLV-1 proviral load in 300 HILV~1—serb-posiﬁve
blood donors was determined by real-time polymerase chain reaction analysis.
The proviral load required for transfusion-related infectivity was estimated using
historical TT- HTLV—l frequency data from a retrospective study on patients who
had received blood from HTLV-1-sero-positive blood donors and the distribution
pattern of HTLV-1 proviral load among blood donors.

Results HTLV-1 proviral loads ranged between <0-01 and 25-0 copies per 100
leucocytes. Historical data showed TT-HTLV-1 frequency to be 80%. Assuming
that 80% of the 300 sero-positive samples are infectious, it is estimated that the
x 10* cells containing the HTLV-1 provirus is required to establish
TI-HYLV-1. :
Conclusion The residual number of HTLV-1-infected cells after LR is substantially
lower than the viral load necessary for TT-HILV-1. LR therefore appears to be
effective in minimizing the incidence of TT-HILV-1.

Key words: HILV-1, leucocyte Zreduction, proviral load, transfusion, transfusion-
transmitted infection.

Introduction

{1, 2]. Approximately 20 million people worldwide are
currently infected with HTLV-1, and the infection is

Human T-cell lymphotropic virus type 1 (HTLV-1)
was the frst human retrovirus to be identified; it
causes adult T-cell leukaemia (ATL) and HTLV-1-associ-
ated myelopathy/tropical spastic paraparesis (HAM/[ISF)

Correspondence: Rieko Sobata, Infectious Disease Research Department,
Central Blood' Institute, Blood Service Headquarters, Japanese Red Cross
Society, 2-1-87 Tatsumi, Koto-ku, Tokyo 135-8521, Japan

E-mail: r-sobata@jreorip t
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endemic to south-western Japan, the Caribbean hasin,
South America and parts of Africa {3, 4. In Japan, the
number of carriers is estimated to be at least 1.08 mil-
lion [5]. The lifetime incidence of ATL among HILV-i
carriers after a long latent period is estimated to he
2-5-5% [6, 7], Almost 1000 new cases of ATL are diag- -
nosed each year in Japan (8, 9). However, effective
therapy for ATL is limited, and the median survival of
patients with ATL is 13 months [10].
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HILV-1 infects lymphocytes when viral DNA integrates
into the host genome via reverse transcription of viral
RNA. HTLV-1-infected lymphocytes produce very few
cell-free infectivus virions, and efficient transmission of
HILV-1 reguires direct cell-to-cell contact. Therefore,
HILV-1 transmission between individuals occurs through
the transfer of HILV-1-infected lymphocytes [11, 12]. The
mafjor routes of HILV-1 infection are mother-to-child
fransmission, rainly via breast milk [13-15), and sexual
transmission, which occurs predominantly from male to
female [16, 17]. Blood transfusion with HILV-1-positive
cellular components has also been identified as a preva-
lent route of infection [18, 19]. From 1986 to 2007, all
Japanese Red Cross [JRC) blood centres used particle
agglutination assays (PA} to screen for anti-HTLV-1 anti-
bodies (anti-HTLV-1) in donated blood samples to prevent
transfusion-transmitted HILV-1 infection {TT-HTLV-1). In
2008, PA was replaced with a highly sensitive chemilumi-
nescence enzyme immunoassay (CLEIA).

In Japan, no established cases of TI-HILV-1 have been
reported since the introduction of these screening tests.
However, PCR-positive but HTLV-1-sero-negative carriers
reportedly exist [20). Additionally, the window yperiod of
HTLV-1 infectivity is reportedly relatively long (51 days)
[19]. Therefore, the possibility of TT-HTLV-1 resulting
from screened blood should be considered in HTLV-1-
endemic areas.

In 2007, universal prestorage leucocyte reduction (LR},
which removes >89-9% of all leucocytes in blood compo-
nents by filiration, was introduced for all bloed compo-
nents in Japan to reduce the incidence of adverse
transfusion reactions resuiting from leucocytes. The num-
ber of residual leucocytes after LR should be
<1 x 10° per unit for >95% of units currently issued
from JRC blood centres. The benefits of LR in reducing
the risk. of non-haemolytic febrile transfusion reactions
[21), alloimmunization to leucocyte antigens [22] and
transmission of cytomegalovirus [23] have been reported.
In addition to these benefits, LR of blood components is
expected to reduce the risk of TT-HTLV-1. In support of
this conjecture, post-LR whole blood from asymptomatic
carriers reportedly shows a marked (3—4 log,g) reduction
in HILV-] pravirus [24). Although the number of subjects
was small, a lookback study in England showed that TI-
HTLV-1 frequency in recipients was significantly lower
- for LR components than for non-LR components [25).
However, the effectiveness of LR in preventing TT-HTLV-
1 remains unknown, in part, because the proviral load in
blood components that would cause TT-HTLV-1 has yet
to be quantified.

In this study, we determined the amount of HTLV-1
provirus among HTLV-1-sero-pesitive blood donors. We
then used these data and historical data of TT-HILV-1
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frequency in a refrospective study of patients who
received blood from HTLV-1-sero-positive blood: donors
[26] to estimate the proviral load necessary for infectivity.

We also discuss the effectiveness of LR in preventing TT-
HTLV-1.

Materials and methods

HTLV-1-sero-positive hlood samples

We collected 300 blood samples that had each tested
positive for ant-HTLV-1 based on CLEIA and heen con-
firmed by indirect immunofluorescence assay (IFA). These
samples were donated sometime from July to October
2008 or April 2010 to March 2011 in the Greater Tokyo
area, a non-HILV-1-endemic area in Japan, Of these sam-
ples, 169 were from males; 131 were froim females; and
the mean donor age was 45-6 years (range, 16-65 years).

CLELAs (CL4800 Testing System; Fujirebio, Tokyo,
Japan] were performed in accordance with the instruc-
tions provided by the manufacturer. Sawmples with an
anti-HTLV-1 CLETA cut-off index =1-0 were defined as
reactive. IFA was conducted following the method of Hi-
numa et al. [27] with some modifications and with mixed
targets of HILV-l-infected and non-HILV-1-infected
cells [28]. )

Bach blood sample was obtained before the associated
donation was subject to the LR filtering process. Informed
consent to undergo tests for HTLV-1 infection had been

obtained from each blood donor at the respective blood
collection site.

Extraction of genomic DNA from blood clots

Because anti-coagulated whole-blood samples were not
available, we used the clotted blood samples that
remained in the serum-separation tubes that had been
used for serological screening tests for major transfusion-
transmissible pathogens in donated blood, After the
removal of the serum, blood clots were lomogenized
using a BioMasher (Nippi, Tokyo, Japan); homogenates
were then suspended in an equal volume of phosphate-
buffered saline. QlAsymphony DNA Midi kits (Qiagen,
Gaithersburg, MD, USA) were then used to extract geno-
mic DNA. Spectrophotometry was used to assess DNA
quantity and quality. Genomic DNA extracted from blood
clots was very pure {average value of 260{280 nm sbsor-

bange ratios; 1-80).
Quantification of HTLV-1 proviral load

To detect and quantify HTLV-1 proviral DNA, we pet-
formed real-ime PCR analysis using a TagMan probe

© 2015 International Society of Blood Transfusion
Vox Sanguiais {2015)



HTLV-1 proviral load requived for TTL 3

(TagMan PCR) designed for the HTLV-1 pX region. The
primers and probe were as follows: sense primer, 5-TG
GACAGAGTCITCTITICGGATA-3 [nt 7341-7364 [29]);
antisense primer, 5-CACCAGTCGCCTTGTACACAGT-3' (nt
7406-7385}; and TagMan MGB probe, 5'-FAM-CCAGTCT
ACGTGTITGG-MGB-3' (nt 7366-7382).

In addition to TagMan PCR for HILV-1, TagMan PCR
for human CD81 DNA was performed simultaneously in
the same reacton tube to monitor PCR inhibition and
estimate the amount of cellular DNA in the reaction. The
number of cells involved in each reaction was calculated
on the basis of the finding that a haploid human DNA
contains one copy of the CD81 gene {30, 31]. The primers
and probe used to detect exon 5- of the CD81 gene were
as follows: sense primer, 5/-CCAGCACACTGACTIGCIT
TGA-3'; antisense primer, 5-GCCCGAGGGACACAAAT
TG-3'; and TagMan MGB probe, 5'-VIC-CACCTCAGTGCT
CAAG-MGB-3'. :

The PCR products of the BILV-1 pX region isolated
from HUT102 cells, an HTLV-1-infected T-cell line, and
the coding sequence of (D81 isolated from leucocytes of
a healthy donor, who had given informed consent, were
cloned info a plasmid vector using a TOPO TA Cloning
kit (Invitrogen, Carlsbad, CA, USA). After purification,
plasmid DNA concentration was determined, and a dilu-
tion series was used to construct a standard curve.

Each TagMan PCR was performed in a 50 pl reaction
mixture comprsing approximately 1 pg of DNA sample,
25 pl of QuantiTect Probe PCR Master Mix {Qiagen), 0-4 pm
of each primer and 0-2 pM of TaqgMan MGB probe, TagMan
PCR conditions were a 10-min inftial PCR activation step at
55°C and 45 amplification cycles, each of 95°C for 15 sec-
onds and at 60°C for 45 seconds. Each sample was analysed
in duplicate. The Applied Biosystems StepOnePlus Real-
Time PCR System (Applied Biosystems, Foster City, CA,
USA) was used for TagMan PCR and all data analysis.
HTLV-1 proviral load was calculated from the number of
copies per 100 leucocytes via the following formula: HTLV-
1 proviral load = [(number of capies of HTLV-1 pX region
DNA)/{number of copies of DNA coding CD81/2)] x 100.

To determine the detection sensitivity of TagMan PCR,
we ‘spiked cloned HTLV-1 pX region DNA into 1 ug of
DNA solution extracted from blood clots of non-HTLV-1-
infected individuals and performed TagMan PCR for the
HTLV-1 pX gene. The 95% detection lmit of TaqMan
PCR was estimated to be approximately 20 copies per
1 ug of blood clot DNA sample. TagMan PCR was
performed retrospectively with archived-samples.

Estimation of proviral lead for infectivity

Okochi et al. reported that seroconversion occurred in
approximately 80% of recipients transfused with one unit

© 2015 Intemational Society of Blood Transfusion
Vox Sanguinis (2015)

of non-LR red cell concentrate (RCC) within 5 days of
collection from blood donors subsequently identifted as
HILV-1-positive [26]; these blood donors were confirmed
as HTLV-1-sero-positive by IFA, the same method used in
the curvent study. However, information on proviral load
of these blood donors was not available. To estimate the
risk of TI-HTLV-1, we supposed that the efficacy of
transmission is dependent on the number of HTLV-1-
infected cells transfised. That is, we supposed that 80%
of fresh non-LR RCCs from IPA-positive blood donors'in
Japan each confained a sufficient amount of provirus to
cause TE-HILV-1 and that other 20% did not. Further-
more, we assumed the distribution pattern of HILV-1
proviral load among HTLV-1-sero-positive blood donors
in our study to be the same as that reported by Okochi
et al. [26). Therefore, 80% of our blood samples from
HILV-1-sero-positive blood donors are expected to be in
the same category as units bearing an infection risk.

Resuits

Determination of HILV-1 proviral load among
HILV-1-sero-positive bloed donors

The HTLV-1 pX gene was detected in all of the 300 sam-
ples enrolled in this study, and HILV-1 proviral loads
ranged from <001 to 25.0 copies per 100 leucocytes,
with a mean value of 2.0 (median 0.79; interquartile
range 0-16-2.86) copies per 100 leucocytes {Fig. 1.
Although most of the samples in this study had a high.
antl-HILV-1 titre based on CLEIA results, the proviral

200

50 [

Nussber of HTLV-1-seropositive
blood donors

Serne] it ! P

56 &7 7-8 89 9-10
HTLV-1 proviral lead

{copies per 100 leukocytes)

o 2
<1 10g

-2 23 84 45

Fig. 1 Distribution of HTLV-1 proviral load amang 300 HTLV-1-serg-
positive blood donors, The HTLV-1 proviral loads in 300 HTLV-1-sero~
positive blood donors ranged from <0401 te 25:0 (mean 2.0, median
0791 interquartile range 0-16-2-86) copies per 100 leucocytes. In 54-0%
of the HTEV-1-sera-positive blood donors used in this study, the HELV-1
proviral load was estimated to be <1.0 copy per 100 leucocytes,
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Fig. 2 HILV-1 proviral toad and enti-HTIV-1 level. The samples with high
proviral load (=50 copies per 100 leucocytes) showed high anti-HTLV-1
levels measured by chemiiuminescence enzyme immunoassay. The upper
limit of the tut-off index for detecting the anti-HTLV-1 Is 10.0.

load was highly variable. Notably, each sample with a
high proviral load (>5-0 copies per 100 leucocytes) was at
the upper limit of the CLEIA cut-off index (Fig. 2).

Estimation of proviral load needed for
transfusion-related infectivity

We assumed that 80% of blood samples enrolled in the
current study were infectious and they would each con-
tain >0-09 copies of the HILV-1 provirus per 100 leuco-
cytes (Fig. 2). The number of leucocytes per unit of RCC
is reportedly between 1 x 10% and 1 x 10° before IR
(32, 33). We estimaied that when the number of leuco-
cytes per unit of RCC is 1 x 10° hefore LR, non-1R-RCC
units that cavse TT-HTLV-1 contain 29 x 10* [0-09% of
1 x 10°) cells with integrated HTLV-1 provirus (Fig. 3).
Therefore, we estimated that the minimum infectious
proviral lead for TI-HTLV-1 s

approximately
9 % 10% copies.

Discussion

We used TagMan PCR analysis that has high sensitivity
" over a wide quantification range, to measure the HTLV-1
proviral load in peripheral blood from 300 HTLV-1-sero-
positive blood donors. Using our method, we showed that
the proviral loads in HFEV-1-sero-positive blaod donors
ranged from <G-01 to 25.0 (mean 2.0, median 0-791 inter-
quartile range 0-16-2-86) copies per 100 leucocytes. For
5400 of the blood samples analysed, the HTLV-1-
infected leucocytes were estimated to constitute <1.0% of
the total leucocyte population. Each sample with-a high

proviral load showed correspondingly high ant{-HTLV-1
levels.
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Fig. 3 Estimation of HTLV-1 proviral load required for transfusion-
related infectivity. According to the report by Okochl et of. [26], it is
estimated that 80% of our tlood samples would have infectious poten-
tial. The mininium infectious virus load based on Okochi et af's report is
indicated by the dotted line. 1t was estimated that a minimum of

8 3 10* HTLV-1-infected cells ware present in units that caused T]-

HTLV-1. *Number of leucocytes per unit of non-leucocyte veduetion-red
cell concentrate,

In a study conducted before 1986, which is when the
anti~HTLV-1 sereening of donated blood started in Japan,
seroconversion was reported in 79-2% of 48 recipients of
blood transfusions who had recefved one unit of fresh
non-LR-RCC from HTILV-1-sere-positive blood donors
within 5 days of donation [26]. In a prospective study in
Jamaica, a 449% seroconversion rate was meported in
recipients receiving non-LR, HTLV-1-positive cellular
components. For recipients who received non-LR, HILV-
1-positive cellular components with a storage Hime of
<6 days, seroconversion was seen in 80% of the cases
[19]. A retrospective study in the US showed that non-LR,
RCC used within 5 days of donation from HILV-1/HTLV-
2-sero-positive blood domors had a transmission effi-
clency of 80% {34]. Together, these studies showed that
the efficacy of transmission is high within 6 days of
donation and decreases as siorage time of components
increases. )

This finding is consistent with in vitro tymphocyte cul-
ture data that demonstrate that the infectivity of pre-

* served blood samples is reduced compared with that of

fresh blood samples {35]. On the other hand, seraconver-
sion was not observed in any recipients of non-LR, fresh-
frozen plasma {FFP)} from HILV-1-sero-positive blogd
donors {18, 19, 26, 34, 36]. It is predicted that FFP, which
contains an average of 1 x 1057 leucocytes, does not

© 2015 International Soclety of Blood Transfusion
Vox Sanguinis (2015)
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confain enough viable lymphocytes to cause TT-HTLV-1.
Moreover, the infectivity of HTLV-1 in FFP is expected to
be lost during the freeze~thaw process. Similarly, studies
of mother-to-child transmission via breast milk have
shown that the freeze-thaw process could eliminate the
infectivity of HTLV-1 from the milk of mothers carrying
the virus [37, 38]. These observations indicate that a large
number of viable BTLV-i-infected lymphocytes are nec-
essary to establish HTLV-1 infection via transfusion. Oko-
chi er al. [26] conclude that the rate of seroconversion is
associated with the number of lymphocytes transfused
and that 1 x 10° lymphocytes per unit are necessary for
infection via transfusion; however, the exact infectious
dose remains unknown, )

We expected that 80% of frésh non-LR RCC units from
anti-HTLV-1-positive donations would be infectious on
the basis of data described in the literature presented
above. When the cut-off point was set at 800 of the
maximum proviral load among those samples, infections
samples were estimated to contain 20-09 copies of HILV-
1 provimas per 100 leucocytes. Based on fact that the
number -of leacocytes per umit of non-IR RCC is
21 x 10°, we estimated that a minimum of 9 x 10*
HILV-1-infected leucocytes were present in the cellular
components that caused TT-HILV-1.

In 2007, IR was introduced for all blood components
in Japan. In >99% of the blood components supplied
from JRC blood centres, residual leucocyte numbers are
within acceptable Limits (1 x 10° per unit) [39], Further-
more, in >95% of blt_)od component units, the actual
number of residual leucocytes is <1 x 10°, even in whole
blood which contains a larger number of leucocytes than
individual components [32, 39, 40].

The HTLV-1 proviral loads in our blood samples, which
came from HILV-1 carders, ranged from <001 to
25-0 coples per 100 leucocytes, We subsequently calcu-
lated that for every 1 x 10° leucocytes from HTLV-1-
sero-positive blood donors, <1-0 to 2.5 x 10* of the cells
are infected with HILV-1. Even the upper limit of this
range is substantially lower than the proviral load that
we estimated was needed for transfusion-related infectiv-
ity. Thus, LR appears to be effective in minimizing the
incidence of TI-HTLV-1, In case where the HILV-1 provi-
ral load in donated blood is extremely high, LR may not
suffice to eliminate the risk of TI-HILV-1. However, on
the basis of the finding in the current study that blood
samples with high proviral loads also had high anti-
HILV-1 levels, it is thought that donated blood with a
high HILV-1 proviral load is undoubtedly eliminated hy
CLETA screening,

In the current study, we accurately measured HTLV-1
proviral load in samples from sero-positive blood
donors and estimated the minimum infectious proviral

© 2015 International Society of Blood Transfuston
Vor Sanguinis (2015)

load required for TT-HTLV-1 based on the assumption
that the risk of TT-HTLV-1 depends on the viral load
in the donated blood. component. However, an overlap
in the viral load range between infectiows and non-
Infectious components has often been observed in
transfusion-related infections caused by other viruses
[41, 42). Moreover, transfusion-related infectivity will
vary depending not only on the blood component fac-
tors, but also on the clinical state of the recipient. TI-
HILV-1 risk might be amphﬁed in immunocompromised
recipients and neonates. Furthermore, proviral load dur-
ing the serological window period may be higher than
that in a sero-positive HILV-1 carmier, and transfusion-
related HTLV-1 infectivity might be higher with units
from the window period, which is the period when
ant-HTILV-1 s absent as has heen observed in the
early stage of HIV-1 infection [43). Thus, we cannot .
rule out the possibility that proviral loads lower than
the minimum infectious dose estimated here may cause
TT-HTLV-1.

Although there have been no documented cases of
HILV-1 transmission occurring as a result of a needle-
stick injury, it is well known that the related virys,
HTLV-2, is endemic among intravenous drug users [44),
Froviral loads in the peripheral blood from HTLV-1-
infected individuals have been reported to be higher
than those in HILV-2-infected individuals [45, 46), In a
tabbit model, the infection and replication abiliies of
HILV-1 were reportedly higher than those of HILV-2

-[47], and 0-01 ml of HILV-1-infected blood containing

17 x 10* lymphocytes was capable of transmitting
HILV-1 [48]). Thus, the possibility remains that small
amounts of contaminated blood are able to tramsmit
HILV-1 in the same manner as HTILV-2. However, the
infectivity of HTLV-1-positive blood components that
have undergone production processes and storage is
predicted to be far less than that of HTLV-1-positive
fresh peripheral blood, as seen for transfusion-related
HBV infection [41].

Sereening for anti-HTLV-1 in blood donors is an effecs
tive strategy for preventing TT-HTLV-1 in Japan. It seems
that even if an HILV-1-infected blood donation slipped
through the screening system of JRC blood centres, LR
would eliminate the risk of TI-HTLV-1 in almost every
such case. Importantly, the combination of serological
sereening and IR appears to have virtually eliminated the

Yisk of TT-HTLV-1 in Japan. In areas where IR is a stan-
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dard practice and HTLV-1 prevalence among hlood
donors is and has been extremely low aver a long period,
discontinuing anti-HTLV-1 screening of blood donations
on the basis of strict-quality control of LR process could
be considered from a cost-benefit point of view. Alterna-
tively, selective screening of blood donation based on



6 R. Sobata et al.

donor’s ethnicity could be an option under the standard

practice of universal LR

In conclusion, we estimated that the minimum infectious
load of HILV-1 provirus for TI-HILV-1 is 29 x 10* cop-
ies, LR decreases the number of HTLV-~1-infected leucocytes
below this level in most blood components contaminated
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ABSTRACT

Available online 22 March 2015

West Nile virus (WNV) appeared for the fifst time in the United $tates in 1999 and rapidly spread across the

Western hemisphere within a few years causing hundreds of thousands of human infections and significant

Keywords: disease. In 2002, it was found to be transmissible by blood transfusion, and within less than a year, nucleic acid
West Nile virus testing for WNV RNA was in place for all US dopations. The American Red Cross (ARC) collects approximately
Nucleic acid test 40% of blood donatiens in the United States and elosely menitors the results of such testing and evaluates donors
::”"“; dofnors found to be reactive, This review describes the 10-year results of the ARC testing program during the period
Trzzsﬁs;iz:f 2003 to 2012, Overall, more than 27 million donations were tested during the transmission periods with 1576
Infection RNA-positive denations identified. The temporal and geographic distributions of the infected denors are
Transfilsion transmission described. Methods to initiate and discontinue periods of individual donation testing were developed and vali-
Symptoms dated to maximiize safety. The nature of WNV infection among donors was investigated, and the distribution of
Viremnia viral titers was defined and was found to be ne greater than 720000 RNA copies per milliliter, The distribution
Antibodies of titers by time sequence of appearance of antibodles was determined. Donors who were identified as being
in the earliest stages of infection were evaluated for the appearance of symptoms, and 26% developed at least
3 characteristic symptoms, The testing program hasbeen successful in preventing transmission of WNV by trans-
fusion, and only 1 of the 13 reported cases since the Initiation of testing was attributable to the Red Cross: ftwas
from a granulocyte product transfused before availability of the test rasujt, ‘
. © 2015 Elsevier.Inc. All rights reserved,
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Until 1999, the West Nile virus (WNV), a mosquito-barne Flavivirus,
was endemic to many paits of Afrlca, Scuthern Furcpe, the Middle East,
Southwest Asla, India, and Australia (Kunjin strain). However, in that
year, an unexpected outbreak accurred in Queens, New York, marking
the first autochthonous cases in the Americas. A total of 17 confirmed
and 20 probable human cases, with 4 deaths, had been reported by
September 28, 1999 [1]. West Nile virus spread rapidly throughout
the east coast and as far west as the Rocky Mountains 2), with a total
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0f 4305 clinical human cases reported by the end 0f2002. Subsequently,
WNV spread throughout the Western hemisphere. It is generally recog-
nized that the US outbreak is unique and that, in other areas of ende-
micity, outbreaks are usually geographicaily and temporally restricted
and do not bear compatison to the US situation, The bases for the
explosive and sustained nature of the US epidemic remain unclear;
likely multiple factors are at play including climate; migratory bird
Jpatterns; and hybrid (human and bird) feeding patterns of the primary
mosquite vector, Culex pipiens, in the United States [3). Although it was
recognized that WNV infection was almost always acute, the size and
rapid expansion of the epidemic in the United States led to concerns
that transfusion transmission was possible. In 2002, Biggerstaff and
Petersen [4} estimated that the mean potential risk of transfusion trans-
- mission in Queens, NY, at that time was 0,18 to 0.27 per 1000 compo-
nent units. The model was applied again during the 2002 cuthreak
with 6 high-incidence metropolitan areas.estimated with a risk of 0.15
to 1.23 infections. per 1000 units {5], The initial publication was imme-
diately followed by a report of the first 23 cases of transfusion-
transmitted WNV infection and disease [6]. To date, 2002 was the yeay
with the highest overall number of human WNV infections nationally,
closely followed by 2003 and subsequently 2012 (as estimated by
WNV newroinvasive disease [WNND] cases reported to the Centers for
Disease Control and Prevention) (Table 1).

As a result of these findings, blood organizations, the diagnostics
industry, regulators, and public heaith agencies worked together o
develop and implement nucleic acld tests (NATs) for WNV-RNA in
donated blood. Methods became available and were broadly imple-
mented under Investigational New Drug protocols by the summer
of 2003. The testing program, relying on a combination of testing
minipools (MP-NAT) and individual donations (ID-NAT), has been
remarkably successful and has been creditéd with the identification
and interdiction of 4355 WNV-positive donations through the end of
2014, many of which are considered to be infectious (Table 1),

Early experience revealed that there continued to be a small number
of breakthrough WNV infections among blood recipients and that they
were attributable to low-level donor viremia that escaped detection
by MP-NAT (involving 6 or 16 samples) during autbreak periods.
Accordingly, criteria were developed to convert from MP-NAT to
periods of ID-NAT referred to as triggering; resumption of MP-NAT
occurs at the conclusion of eutbreak activity, as determined by a varety
of measures discussed in a recent AABB Association Bulletin [7]. These
approaches were validated and modified as needed; their proper
use has been shown to have essentially eliminated transfusion-
transmitted WNV risk nationally.

The emergence of WNV has offered an object Iesson in the manage-
ment of a major emerging infection event in the United States, Analysis
of data from blood donor testing has provided information about the dis-
tribution of infections, the significance and occurrence of asymptomatic
infection, and the limits of infectivity by the intravenous route. It has
also supported public health investigations and has demonstrated the
value of having available platforms for high-throughput NAT. This review
uses the ARC system as an example of success through validation and
ongoing hemovigilance,

RY. Dodd et al. / Transfiusion Medicine Reviews 29 (2015) 153-161

Emergence of WNV in the United States and development of a
national donor testing program :

Initially, procedures were established to defer donors and/or recali
their donations in the event that they reported symptoms suggestive
of WNV. (Tt was subsequently shown that such a policy had little to no
value [81)

Two manufacturers developed WNV-RNA screening tests, designed
to run on existing automated NAT platforms. Gen-Probe (now Hologic)
adapted their Procleix transcription-mediated amplification (TMA)
method to detect WINV-RNA, Procleix WNV Assay, using the automated
TIGRIS platform, marketed by Novartis (now Grifols, whereas Roche
developed the cobas Tag-Screen real-time RT-PCR, running on the
cobas 5201 system, One of these candidate tests was used in a study of
plasma samples from donations implicated in the 23 transfusion-
transmission cases noted above [9]. In addition, routine surplus donation
samples were collected fiom 6 ARC blood centers during the period
September 3 to 28, 2002 [10]. A total of 48620 samples were selectad
for evaluation using ID-TMA, Overall, 46 RNA-positive samples were
identified, for a frequency of 0.95 per 1000 {similar to the estimated
rate deseribed by Biggerstaff and Petersen} [5], These early data demon-
strated that only a minority of RNA-positive samples could be detected
by MP-NAT (16/46, 35%; Table 2) with the remainder requiring ID-NAT
for detection. A caveat was that all 30 of the ID-NAT-only detectable
danations were antibody positive (immunoglobulin M {IgM} and/or
immunoglobulin G [IgG]). At that time however, routine programs
had already been initiated based on MP-NAT [11].

Routine testing was initiated nearly nationwide in June to July
2003 before the start of the WNV season. Tabte 1 shows the number
of WNV-RNA-positive donations reported each year, 2003 to 2014,
along with the number of reported WNND cases; it should be noted
that there is a close relationship between these 2 numbers each year.
Also shown are 13 identified “breakthrough” infections attributed
to transmission by blood transfusion afier the implementation of
WNV-NAT screening {12-19). Only 1 of these 13 cases (in 2010) was
caused by a component {granulocyte concentrate) fiom the ARC,
which was transfused before the test resuit was available [18]. 'of

note, of the 36 total transfusion-transmitted WNV cases, only 2 were
WNV IgM positive [9,19)].

Materials, Methods, and Results
The Early ARC Testing Program and its Contributions

The ARC collects approximately 40% of all blood for transfusion
in the United States in a coordinated, centrally managed system thatin-
cludes 35 blood regions in 44 States, Puerto Rico, and Washington, DC,
Figure 1A shows the overall pattern of detection of 1576 WNV-RNA
confirmed-posifive denations that occurred mainly in the June-
October period. As noted above, 2003 and 2012 had the greatest
number of detected positives, paralleling the number of nationally
reported clinical cases. Figure 1B shows the geographic distribution
of donors of the 1576 RNA-positive donations by residentia) zip

Table1

‘Yearly statistics for WNV in the US: example of a rapidly emerging agent and a successful intervention, 2002-2014
Year {No.) Reported 2002 2003 2004 2005 2008 2007 2008 2008 2010 2011 2012 2013 2014
WNND (18725) . “ 2946 2866 1148 1309 1485 1227 689 386 629 486 2873 1267 1262%
WNV-RNA confirmed-positive donations (4355) N/A 714 224 417 437 481 218 161 182 139 752 307 303
Transfusion cases™ (36) ‘ P 6 1 0 2 0 2 0 ™ g 1 0 B

WNND, West Nile virus neuroirivasive disease,

N/A, not avzilable; prospective testing not introduced until 2003,

* 2002-2005 reported from CDC AtboNet [12}; 20056-2014 reported from the AABB WNV site hitp:

* All transfusion-transmission cases were identified from May to Qctober {14~19].
e+ 1 WNV NAT-untested granulocyte [18], -
*+ Data available through Dec 16 2014; www.cdegov/westnile/Statshiaps/,
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code {note that the ARCdoes not collect blood in New Mexico, Colorado,
Wyoming, or the Dakotas): the distribution clearly parallels national
disease reporting. :

The overall performance characteristics of the ARCtesting program
are surnmarized in Table 3, Nucleic acid test-reactive minipools (MPs)
are resolved by ID-NAT of each pooled donation sample. If no individual
sample is reactive, the Initial pool result is considered false positive, West
Nile virus-reactive individual samples are further tested. A WNV-
confirmed-positive donor is defined as having tepeat NAT reactivity
using the same or alternate NAT assay or reactivity in an IgM antibody
assay; in both cases, reactivity must cccur using an independent sample
from the index donation or from a follow-up sample {11,20].

Together, the use of repeat NAT and IgM at index was shown to
confirm 99% of all WNV-confirmed-positive donors, According to
data generated from 2003 to 2005 in a multicenter US blood donor
study, 1559-WNV-reactive donors were followed, of which 1019
confirmed positive [21], OF these, 1009 {99%) confirmed by index
sample results; only 10 {1%) of the 1019 required follow-up sam-
pling for confirmation. Figure 2 shows the number of WNV-reactive
donations that confirmed and those that did not in the ARC, by
year, 2002-2012.

Table 3 includes information about presumed viremic donations
(PVDs); their relevance is described later. The ARC defines a BVD as
an initially reactive donation that repeats as reactive on the original
sample from the donation or one that has a signal-to-cutoff ratio
greater than or equal to 17 (the latter is applied to the Procleix
WNV Assay; samples having an signal-to-cutoff ratio <17 must be
repeated to determine if they are a FVD). Note that the specificity
and thus the positive predictive value (PPV} of differing test
methods and interpretations vary, with 1D-NAT being less specific
than MP-NAT. A PVD as defined has a PPV of 95% with nearly 100%
specificity (99.5997%). ,

During the first year of routine testing by the ARC {2003), 436
RNA-confirted-positive donations were identified among 2.94 million
donations tested during the WNV season or 1.48 per 10000 of which
117 (27%) required 1D-NAT for detection (Table 2). Even in 2003, it
became apparent that such low-titer, RMA-positive donations were
capable of transmitting WNV infection by transfusion, A total.of &

- cases were confirmed for 2003, none attributable the ARC, which

electad to initiate ID-NAT in any blood region after the identification
of 4 RNA-positive donations and a detection frequency of 1 or more
positive donations per 1000, the first use of a WNV trigger [11] Individual
donation NAT continued until there was a period of 7 consecutive days
without a positive in that bloed region. In an effort to validate this
approach, donations {30501) collected within the states with the highest
incidence of NAT-positive donations, Nebraska and Kansas during parts of
August, September, and October, were subjected to ID-NAT: 181 con-
firmed positive. OFf these, 96 (53%) were nonreactivé at a 1:16 dilution
when the corresponding MP was tested {ie, MP-NAT), 92% of which
were IgM positive and potentially offering a reduced risk of transmission.
In that same study, retrospective [D-NAT was performed on frozen
samples from 18037 donations collected in Nebraska in July and August,
During that time, 80 donations were RNA positive by MP-NAT; ID-NAT,
using exXisting ID-NAT triggering criteria, identified 21 additional
RNA-positive donations (20%) [22]. During 2004, 102 RNA-positive
donations or 0.43 per 10000 were {dentified during a shorter WNV
season (June-October); however again, approximately 30% of the
positive donations identified prospectively required ID-NAT for detec-
tion [11]. A single breakthrough transfusion-transmission case was
reported in 2004, again from outside the ARC. The 2003-2004 ARC
prospective testing experience indicated that existing triggering
criteria lacked adequate sensitivity; retrospective data had shown
that yield could be increased by greater than 50% by ID-NAT,
Table 2 and Figure 3 show the increasing proportion of RNA-positive
donations identified by ID-NAT as a result of the increasing sensitivity
of triggering criteria,
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Fig 1. 1576 donors with WNV-RNA confirmed-positive donations by year (A) and residential zip code (B), ARC, 2003 to 2012.

Continuing Efforts to Enhance the Sensitivity of WNV Testing of ID-NAT. During the earlier years of the US outbreak, broad

surveillance was undertaken, and WNV activity in mosquitoes, birds,
animals, sentinel animals, and humans was collected and reported
(es, http://diseasemaps.usgs.govfwnv_us_hurnan.htm!). Ultirnately, the
most useful and consistent WNV surveillance measuras have been
based upon WNV-RNA detection among domtors. Policies were developed
around the finding of PVDs. Most blood centers collect 1000 to 4000
units per week from a restricted area, and detection of PVDs may be
infrequent. Thus, information about WNV activity in surrounding and

The continued (albeit rare} occurrence of WNV-breakthrough
transfusion-transmitted infections emphasized the need to establish
effective ID-NAT implementation criterfa (triggers) and then when to
revert back to MP-NAT. However, the need for sensitivity must be
balanced against available resources, Key parameters for the develop-
ment and use of such criteria include the geographic areas where WNV
is being transmitted, the rate of transmission, and the absoluta yield
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Table3
Performance characteristics of WNV-NAT based onthe number ofteactive donations, ARC,
2003-2012
# Tested #TMA-  #Confined #False ¥ Spedfidty % PPV
reactive  positive positive
MP-NAT 23910576 1256 852 264 99,099 78,98
1ID-NAT 2833227 1362 584 778 89,973 4288
AINAT 26753803 2618 *1576' 1042 95,955 65020
PVDs 26793303 1542 1469 73 100.000"* 9527

* There were 107 confinned-positive donations that were not classified as FVDs, of those,
92(86%) were ID-NAT-only reactiva; thus, the overall sensitivity of the PVD designation is
93,2%, FVDs had the highest positive predictive value (PPV),

** Actual value 99.9957%.

overiapping collection areas was shown to be necessary to guide deci-
sions, To this end, AABB established a real-time geographic reporting
tool for PVDs (Table 1; http: /fwww.aabb.org/research/hemovigilance/
Pages/wnv.aspx). In addition, an email network was established to
assure functional contact among blood centers, so that ID-NAT could be
triggered based on activity in overlapping and neighboring areas.

Validation Studies for Triggering

Triggering policies, including multiple-site activity based upon the
AABB program continued, although after 2008, most establishments
moved towards ID-NAT after detecting one or two PVDs within a
week, continuing until one or two weeks had elapsed without any fur-
ther PVDs [23]. In 2007, the ARC performed z validation study to assess
different approaches to triggering in order to select the most effective,

During the 2007 WNV season, the sensitivity of the then recom-
mended trigger criteria (2 PVDs and 1:1000 rate) was assessed by the
ARC against a trigger of one PVD in endemic locations (e, regions
known to have recurring WNV outbreaks or in areas where outbreaks
would be predicted for 2007). The yield could then be evatuated against
the 2007 recommended trigger to determine if ID-NAT-reactive donors
‘would have been detected by the recommended trigger, Six blood
collection regions were selected for prospective study. Entire collection
regions were used to define the geographic area; these ranged from
several hundred to 1000 or more donations per day. Each of the six
regions converted to ID-NAT in response to a trigger of one PVD; a
total of 136388 donations were tested of which 73 were confirmed
positive; 42 (58%) required ID-NAT for detection, and of those, 30 were
fully characterized by antibody testing including five that were
antibody-negative (both 1gM and 1gG), 13 IgM-positive/lzG-negative
and 2 IgM-negative/igG-positive (AABB Association Bulletin 03-03) [23].
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Fig 2. Number of donors whose donations tested WNV TMA-reactive by confirmation
status, ARC, 2002 to 2012 (includes retrospecitive testing for CY 2002),
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A criterion including the use of a 1:1000 frequency coupled with the
detection of two PVDs missed 25 of 30 1D-NAT identified donations in-
cluding 3 ofthe 5 antibody-negative donations. Using two PVDs without
arate requitement detected 20 of the 30 WNV-RNA-positive donations
including alt antibody-negative donations. The data demonstrated that
the previously developed trigger missed RNA-positive donations and
that a trigger based only on detection of PVDs without a rate function
was demonstrably more sensitive. This particular study did not explore
the optimal conditions for returning to MP-NAT, but recommended
continuation until at least seven days without detection of a PVD and
for a longer period if WNV activity (eg, as assessed by clinical cases,
mosquito or bird activity) continued in the blood region.

In 2008, a second evaluation was performed, primarily to define the
sensitivity of criteria not only for triggering, but also for “detiiggering”,
or returning to the use of MP-NAT [24]; six ARC blood collection regions
with a high incidence of WNV were evaluated. Overall, 209353 dona-
tions were tested. At each site, ID-NAT was triggered when a single
PVD was detected and continued until no WNV activity among humans,
animals or mosquitoes within the region was reported. Additionatly,
nine regions with historically low or absent levels of WNV activity
triggered after two PVDs in a week, Among the regions that triggered
on one PVD, 68 RNA-confirmed-positive donations were found, of
which 36 (53%) were detectable only by ID-NAT (similar to the 2002
retrospective experience and 2007 validation resuits; Table 2, Fig 3).
Of the 36, 26 (72%) would have been missed by a 7-day detrigger and
33 (92%) would have been missed by a two-PVD trigger and 7-day
detrigger. Interestingly, a study based upon mathematical simulation
came to similar conclusions, which were that rate-based triggering
was inconsistent, that triggering on the basis of a single PVD was
more sensitive and that prolonging the period of ID-NAT improved
sensitivity [25). '

Table 1 demonstrates that the implernentation of triggering criteria
and communication strategies appear to have been quite successfyl,
although there have been two breakthrough cases since 2010, However,
one represented the necessary transfusion of a granulocyte component
prior to the availability of the (positive) test result in aregion that had -
triggered WNV ID-NAT [18]. The use of validated triggering/detriggering
procedures has been recommended by the FDA, although with no specific
approach (http://www.fda.gov/downloads/BiologicsBloodVaccines/
GuidanceComplianceRegulatorylnformation/Guidances/Blood/
UCM189464.pdf). Consequently, the AABB has actively provided infor-

.mation and data-based recommendations on this topic, most recently in

2013 7). Again, emphasis was placed upon effective communication
mechanisms between blood centers to assure awareness of WNV activity
in overlapping/neighboring regions. Figure 3 fllustrates the outcome of
actions related to ARC studies, showing the increasing proportion of
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Fig4 Startand end dates ofidentification of WNV-RNA confismed-positive donations that
required ID-NAT for detection (MP-NAT negative).

samples that were detected by ID-NAT as triggering and detriggering al-
gorithms were strengthened. Figure 4 provides detail for the 2009-2012
WNV seasons including characterization of the 240 RNA-positives
detectable by only ID-NAT following criteria changes (analogous to
AABB Association Bulletin 13-02} [7]. Specifically for the 4-year period,
18% of the 240 yield donations were seronegative and hence likely infec-
tious with ID-NAT required for detection of the 240 RNA-positives from:
July 3 to November 8, Note the longer time period required for detection
of all WNV-RNA confirmed positives for the 10-year period, 2003 to
2012, was May 23 to December 1 (Table 2). The periods required for
ID-NAT are likely even longer than we have documented,

Distribution of WNV markers among donors, American Red Cross, 2003
to 2012

Table 2 provides a breakdown of all test results by year, showing the
reactivity by ID- or MP-NAT and the presence or absence of WNV fgM
and/or IgG antibodies in the index samplés. During the perfod 2003 to
2012, almost 27 million: donations were tested during the WNV sea-
sons: 1576 donations were RNA-confirmed positive, a rate of 0.59 per
10000 screened donations (range, 0.18-1.49). The overall performance
characteristics of the testing systems for the entire period of routine
testing are surnmarized above in Table 3, As praviously stated, the
specificity and PPV of ID-NAT are poorer than those for MP-NAT, but
are nevertheless comparable to other routine NAT procedures and
markedly superior to those for serologic tests.

Investigation of donors with reactive test results

The ARC has routinely recalled blood donors with WNV NAT-
reactive results to obtain samples for additional testing (including
WNV confirmatory status, if this could not be determined from the
index donation). In addition, donors complete questionnairas ahout
risk factors and symptoms. These studies have permitted careful
characterization of the early stages of WNV infection as jdentified by
routine NAT and have contributed significantly to the development
and modification of donor management policies {8.20,26],

In 2002, when it became apparent that WNV could be transmitted
via blood transfusion, mitigation strategies were implemented, FDA
Guidance recommended that attempts be made to avold transfusion of
frozen blood products callected in areas of high incidence and that
prospective donors be deferred if they had experienced fever and
headache In the seven days preceding their presentation for donation.
This policy was based upon the assumption that fever and headache

RY. Dodd et el. / Transfusion Medicine Reviews 29 {2015} 153-161

were associated with the early stages of WNV infection and would
indicate an increased risk for viremia, However, Orton etal [8} investi-
gated the frequency of symptoms among 389 WNV-RNA-positive and
387 RNA false-positive donors in 2003 and 2004, Overall, symptoms
were reported by 61% of the RNA-positive donors and by 20% of the
false-positives, wha served as controls, suggesting a net frequency of
41%. Most importantly, though, only 8% of RNA-positive donors and
5% of controls reported headache and fever in the seven days prior to
donation; the difference was not statistically significant, As a result,
this deferral requirement was eventually eliminated.

A more extensive study was performed later by Zou et al {20]
characterizing the development of symptoms among a subset of 576
WNV-RNA-positive donors whe were nonreactive for IgM antibodies,
thus being in the earliest stages of infection. They were compared
with 418 control donors who had false-positive reactivity for WNV-
RNA. Subjects were considered to be symptomatic for WNV on the
basis of the occurrence of at least three of eight “indicator symptoms;
29% of the subjects and 3% of controls met this definition for a net
frequency of 26%. The net frequencies for the most common single
symptoms were new rash, 26%; headache, 24%; and generalized weak-
ness, 24%, Fever was reported with a net frequency of 15%, as were .
severe muscle pain and joint pain. A similar study by Custer et al [271
found a net frequency of only 13% of donors with three or more symp-
toms, perhaps due to differences between confirmatory definitions in
the two studies. In particular, the Custer study did not specifically

- study IgM-negative donors, and reported 0N SYMptoIns oceurring over
. alonger time period, including the time prior to donation. Nevertheless,

the distribution of symiptoms was very similar in the two studies,
Dynamics and immunology of WNV infection among donors

WRNV loads were determined for each RNA-positive donation from
2003 to 2012 (National Genetics Institute, Los Angeles, CA}. Overall,
among the 1576 confirmed-positive donors, 1508 had samples for
which guantitative RNA results were available: viral loads ranged
from 5 to a maximum of 720000 copies per mifliliter, Among these
samples, 973 could be detected by MP-NAT, with mean and median
titers of 24810 and 3500 copies per milliliter, whereas 535 were identi-
fiable only by ID-NAT with mean and median levels 0f 88 and 5 copies
per milliliter (Fig 5A). Figure 5B provides the viral load distributions

- for 1477 of the 1576 confirmed-positive donations that had a quantita-

45

tive load reported (fe, >100 copies per milliliter), again indicating the
higher viral load observed for those donations that are MP-NAT-
detectable (and antibody-negativa).

Routine ARC testing during the first two WNV seasons including
approximately 5.3 million donations with 538 donations found to be
positive for WNV-RNA. Of these, 359 (67%) wete non-reactive for IgM
antibody. Of the 436 RNA-positive donors identified in 2003, 350 partic-
ipated in follow-up studies and 335 (96%) were IgM-positive at index or
seroconverted during follow-up. Follow-up of 186 donors indicated that
168 (89%) retained IgM reactivity for 100 days or longer. In the cohort
representing collections from 2002, 59% had IgM reactivity for more
than 388 days [11], The specificity of the commercial IgG antibody testing
(Focus Diagnostics, Cypress CA) was uncertain, but there were ne
confirmed RNA-positive samples that were [gG positive in the absence
af IgM (Abbott Laboratories, Abbott Park L),

A subset of 186 WNV RNA-positive donors identified In 2003 were
further characterized {26]. In 76 of the 185 cases, RNA was detected at
follow-up between two and 39 days post-donation, On the hasis of an
estimated doubling time of 15.8 hours from three closely followed
donors early in infection (see below), the dynamics of infection were
estimated from a “time zero” when the RNA load was estimated at
1 copy per milliliter, Mean times from this point to the first detection
of RNA by ID- and MP-NAT were estimated at 2.2 and 4.8 days, the
mean time of RNA detectability by MP-NAT to index domnation was
back-calculated at 7.9 days and the onset of IgM and 1gG was 15.7 and
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15.0 days, respectively with minimum values of 6.5 and 10.5 days. The
mean duration of WNV-RNA was estimated at 20.5 days (maximum
of 56.4 days}. .

Another study by Busch and colleagues determined the incidence of
WNV from the peak prevalence of IgM antibodies among blood donors
in North Dakota, With this information and the frequency of WNV-
RNA-positive donations, they estimated a miean 6.9-day period during
which RNA was detectable by MP-NAT and prior to the development of
antibody [28]. More recently, we have examined accumulated data
from 635 WNV RNA-positive donors identified during 2006 ta 2012
using ID-NAT for pritnary testing. Antibody results were available from
all to better define viral and antibody dynamics. As a part of this study,
we also examined which of the 635 donations would also have been
detected at a 1:16 dilution (MP-NAT by using the existing MP tubes).
In this analysis, we assurned that the proporifon of samples with any
given set of results was directly proportional to the period during
which that pattern was present. This is a simple extension of the
window-period - tisk concept,

Table 4 presents the number of donations in each category by
sequence of RNA and antibedy appearance. Of the 635 RNA-positives,
396 or 62% were detectable only by ID-NAT. Of these, 71, 6r 11% of the

46

total were window-period donations and 86, or 13% had IgM antibodies
only and thus might have been infectious. Using the published 6.9-day
estimate of the duration of MP-NAT detection (MPs of 16), other tifne-

Table 4

Marker pattemns for 635 WNV-RNA confirmed-positive donations detected during periods
of ID-NAT, ARC, 2006 to 2012

Matleer patterns at index No. of samples Estimated duration (days)

ID-NAT: RNA only yi 23
MP-NAT: RNA only 213 g9
MP-MAT: RNA + IgM 12 04
MP-NAT: RNA - IgM - igG 5 0.2
MP-NAT;: RNA + 18G 9 03
ID-NAT: RNA + 1gM 86 31
ID-NAT: RNA -+ 1gM + 156G 226 73
ID-NAT: RNA -+ IgG 13 04

* 888 total WNV confirmed-positive donors were jdentified of which 868 had sainples
avaifable for further index donation testing; 635 (73%) of the 868 were identified during
periods of ID-NAT. Of the 868 total, 71 (8.2%) were ID-NAT-positive/antibody-negative,
382 {44%) were MP-NAT-pasitive/antibody-negative, 80 {10.4%) were Mp-NAT-positive/
antibody-pasitive, and 325 (37.4%) were ID-NAT-positive/antibody-positive, Those indj-
cated as ID-NAT-positive, were negative when tested by MP-NAT,

** Busch et al [28],
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period estimates were calculated by direct proportion, based upon the
nuinber of observations. The appearance of antibodies at 9.2 days after
the first detection of RNA was essentially coincident with the end of
the period of detection by MP-NAT, at 101 days. The early window-
period, which could only be'detected by ID-NAT, was estimated at 23
days (nearly identical to our earlier observation of 2.2 days) [26].
Assuming that this period represents a 16-fold mean increase in RNA
titer, suggests that the doubling period for WNV is 13.8 hours compara-
ble to our earlier unpublished doubling time of 15.8 hours from three
closely followed donors. This approach does not account for donors
who did not donate because they developed symptoms but it does
give an overview of the dynamies of asymptomatic infections, The
data suggest that RNA is potentially detectable by ID-NAT for a total of
about 21 days (nearly identical-to the earlier 20.5-day estimate), and
within this period for about 8 days by MP-NAT. Again, these figures
are in agreement with the earlier ARC follow-up study vesults and
those published: by Busch et al, based upon repeated follow-up of
RNA-positive donors [26,28],

It might be anticipated that these data, along with the recognition that
to date only two of 36 WNV transfusion transmissions were associated
with an RNA-positive donation that was also IgM antibody-positive
[9.19], could be used to support a relatively short deferral period followed
by the potential for donor reentry. However, Busch et al found that four of
~ 75 donors had very low-level RNA, detectable only by multiple replicate

testing, one of whom was reactive at 104 days; all were IgG-positive
[29]. On this basis, US regulators required a minimum deferral period of
120 days for RNA-positive donors {http://www.fda.gov/BiologicsBlood
\{qt_:g:_iggs[@uidanceC_ompl_i_an_ceRegulatorylnfonnation,/Guidances/Blood/
ucm074111.him). Nevertheless, it is clear that such a long period of RNA
detection Is not the norm among healthy donors, as demonstrated in the
other studies discussed above. More recently, however, Lanteri et ) have
suggested that the total period during which RNA is detectable is greater
if the test is performed on whole blood, rather than plasma [30]. Among
54 followed donors, 42% had RNA persisting in whole blood for two
months and some up to three months, whereas 100% of the 54 donors
had cleared WNV RNA from their plasma within the first three weeks
post-index. The pheriomenon of WNV-red cell association had been
reported previously {31}.

Epidemiologic significance of WNV NAT

Relatively early in the WNV epidemic, it was recognized that WNV-
NAT screening results had epidemiologic value [28,32], Of particular
importance is the fact that donor testing provides rapid and standard-

ized information about recent infection, along with information about’

the area of residence of the infected donors both on a large scale and
locally. The former is clearly ilfustrated by comparing maps of reported
WNND with those reported for donors using PVDs (Table 1 ). It has also
become clear that the frequency of WINV-RNA, confirmed-positive do-
nations also directly correlates with the frequency of chinically reported
disease, This was first shown by Busch and colleagues in a review of
testing data from 2003, For each State, the number of WNV infections
was imputed from the proportion of infected blood donors multiplied
by the State's population. These estimates were shown to be broadly cor-
related with the frequency of WNND in each State [28]. More Tecently,
we have shown a similar correlation between the number of reported
WNND cases and confirmed-positive donations reported to the AABB

Biovigilance program from 2006 through 2012 (Fig 6). A number of

clearoutliers have been investigated; it seems likely that these are due
te variation in Implementation of triggering policies for ID-NAT. More
specifically, in Nebraska, the majority of blosd was collected by the
ARC, which employed a stringent and conservative triggering policy in
that area, identifying 138 of the 155 confirmed positives in that State,
In contrast, in Texas, the ARC identified only 17 of the 267 confirmed-
positive donors,

RY. Dodd et al. { Transfission Medicine Reviews 29 (2015) 153-161
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Discussion and Commentary

Although the potential threat of emerging infections to blood safety
has been recognized at least since 1985, the WNV outbreak in the US
had a number of unexpected features, As an acute, mosquite-borne infec-
tion, it contrasted with the general expectation in the last centiny that any
major new threat to blood safety would be a chronic, parenterallyfsexually
transmitted agent. Also, the size and rapid geographic expansion of the
epidemic were completely unexpected, These factors drove 4 rapid re-
sponse, once transfusion-transritted risk was recognized, WNV-RNA
NAT was an apprapriate intervention, as platforms were already in use
and because reagents could be designed and validated rapidly, such
tests were available within nine months [33). The judgment that the
then-traditional approach of testing donors for antibodies was demon-

strated as not appropriate and validated By subsequent experience, s
described here. ‘ :

Not only was the outbreak unexpected and unpredictable but jtis_
clear that the dynamics of the epidemic are variable i space and
tirne, There do not seem to be simple explanations for this, other than
that there are complex relationships between mosquitoes, birds,
humans and environmental conditions [3]. A consequence has been a
need for flexibility in the management of testing policies, A particularly
important issue is the fact that MP-NAT is not sensitive enough toiden-
tify an acceptable proportion of WNV-infectious donations, as demon-
strated by breakthrough infections. On the other hand, respurce and
logistic constzaints do not permit full-time 1D-NAT. Consequently,
mechanisms had to be developed to determine when and where to
implemnent [D-NAT and when to revert to routine MP-NAT, As a result,
a number of studies, which are described above, were performed in
order to validate effective approaches. These procedures appear to
have prevented any breakthrough infections from tested blood in the
ARC system.

Do these observations offer any information for the future? It might
have been hoped that, after 15 years, there might be some signals about
WNV in North America and indeed, in 2011, it might have been reason-
able to suppose that the infection had equilibrated and that we could
anticipate a few hundred clinfcally apparent cases each Year, but 2012 dis-
pelled that illusion, with a 5-fold increase in cases and an unexpectedly
high incidence in Texas [34]. Clearly, we will continue to have to manage
an unstable and unpredictable situation, at Jeast in the foreseeable future,
Could we be impacted by similar outbreaks of other infections? Certainly,
the explosive outbreaks of chikungunya virus in the Indjan Ocean and
more recently in the Caribbean suggest caution [35], but currently this
particular virus is carried only by Aedes SpP. mosquitoes, which have
very different feeding patterns from the culicine mM0squitoes that carry
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WNV [3,36), Autochthonous outbreaks of dengue virus have occurred on
the US mainiand, most recently in Florida, but the outbreaks have been
small and apparently self-limited [37]. It is generally accepted that the
human-mosquito-hurmnan transmission route is relatively ineffective in
the US as a result of a predominantly indoor lifestyle. But we really do
not know what impact other arboviruses might have if introduced and
there are suitable mosquitoes and amplifying hosts. Management of
blood safety in such an ougbrealk should however be successful, if recog-
nized and acted upon promptly, as was our experience with WNV.
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REDS-Hil Investigators Report Results of Largest Transfusion-
Transmitted Dengue Study

The largest study to-date investigating transfusion-transmitted (TT) dengue virus
(DENV) confirms that a large number of asymptomatic, dengue-infected blood
donors give blood in an epidemic area and that recipients frequently receive den-
gue RNA-positive blood; however, infection and significant illness are unusual.

They suggest screening donors for dengue RNA in these settings would not likely
lead to an important boost in transfusion safety.

As many as 400 million people are infected with the mosquito-borne DENV an-
nually, and it is a leading cause of illness and death in the tropics and subtropics.
In recent years, concern over the TT-DENV has increased, but few cases have
been reported and the true burden and clinical consequences of TT-DENV are
controversial, Brazilian and US researchers led by Ester C. Sabino, MD, of the
University of Sio Paulo, Brazil, conducted a linked donor-recipient study in Rio
de Janeiro and Recife during explosive dengue epidemics in 2012 to characterize

rates of TT-DENV from dengue RNA-positive blood donations and clinical signs
and symptoms of TT-DENV.

The researchers collected samples from Brazilian blood donors and recipients
from February to June 2012 during dengue outbreaks and retrospectively tested
for- dengue RNA by transcription-mediated amplification. The donations from
participating donors were linked to recipients at participating hospitals, To define
clinical outcomes from transfusion of RNA positive blood, the authors compared
the charts of transfusion recipients who received DENV RNA-positive blood
{case group) with recipients receiving only RNA-negative units {control group).

In 39,134 blood donors, DENV-4 viremia was confirmed in 0.51 percent of Rio
de Janeiro and 0.80 percent of Recife donations. Forty-two RNA-positive units
were transfised to 35 recipients. Sixteen of these RNA-positive units were trans-
fused to 16 patients considered susceptible to dengue. The authors identified six
cases of TT-DENV among these 16 patients, leading to a TT-dengue rate of 37.5

percent, much higher than the 0.93 percent rate of viremia in non-exposed recipi-
ents.

“Our findings confirm that during seasonal epidemics, substantial proportions of
asymptomatic donors with infection are donating blood and recipients are receiv-
ing RNA-positive components,” wrote the authors.

(continued on page 3)
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REDS-TH TT-DENV Study (contitued from page 1)

The data showed no association between transmission and viral load in the transfused RNA-positive
units, recipient-demographics, component type, ot duration of storage prior to transfusion. There was no

difference in clinical symptoms between patients with TT-DENV and control recipients, and none devel-
oped severe DENV.

“This very large and complicated study, funded by the National Heart, Lung, and Blood Institute under
the REDS-IIT international program and incredibly well executed by Dr. Sabino and our Brazilian team,
illustrates how challenging it is to establish the rate of transfusion transmission and disease consequences
to infected recipients for a virus like dengue, which is vector bome, such that very high background rates

of infection are ocoutring in hyper-endemic regions Iike Brazil,” said Michae! Busch, MD, PhD, director
of Blood Systems Research Institute, a study co-anthor. ‘

He added that the “results indicate that screening donors for dengue RNA. in these setfings is probably
not warranted.” Further, he suggested that studies like this one be conducted to address the transfusion
transmission risk and disease consequences of similar viruses like chikungunya and Zika viruses. These
viruses are spreading widely in the Americas but no TT cases have been reported. He recommended that

such studies must enroll transfused patients and test linked donor samiples in settings with epidemics,
such as Central and Sowth America.

“We believe that such studies are critical to guide policies on donor scréening and pathogen reduction,
rather than implementing expensive interventions with minimal or no evidence regarding disease conse-
quences for recipients,” said Dr. Busch. “This is especially important in resource-limited settings with

very large community outbreaks of these diseases, which need to be addressed by broader public health
interventions.”

The authors note that their study has limitations, including the small number of DENV RNA-positive
donations transfused to recipients deemed “susceptible.” Additionally, the study was conducted in a hy-

per-endemic setting with high rates of past exposure, meaning that the results should not be generalized
to populations in non- or low-endemic areas.

Citation: Sabino EC, ef al. Transfusion-transmission of dengue virus and associated clinical sympto-
matology during the 2012 epidemic in Brazil. J Infect Dis 2015 June 8. [Epub ahead of print]

We Welcome Your Articles T

We at the ABC Newsletter welcome freelance articles on any subject relevant to the blood banking com-
munity. Writers are encouraged to submit short proposals or unsolicited manuscripts of no more than
1,100 words. While ABC cannot pay for freelance pieces, the writer’s name and title will be included at
the end of the story, brief news item, or commentary. If proposing a story, please write a few paragraphs
describing the idea and sources of information you will use, your present job and background, and your
qualifications for writing on the topic. ABC staff cannot guarantee all stories will be published, and all
outside writing will be subject to editing for style, clarity, brevity, and good taste. Please submit ideas

and manuscripts to ABC Publications Editor Betty Klinck at newsletter@americasblood.org. You will be
sent a writer’s guide that provides information on style conventions, story structire, deadlines, etc,
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Changing Hepatitis D Virus Epidemiology in a

Hepatitis B Virus Endemic Area With a National
Vaccination Program

Hsi-Hsun Lin,'? Susan Shin-Jung Lee,* Ming-Inng Yu,” Ting-Ysung Chang 5™ Chien-Wei Su, 5%
Bor-Shen Hy,? Yaw-Sen Chen,' Chun-Kai Huang,* Chung-Hsu Tai? Jiun-Nong Lin,? and Jaw-Ching Wu"!*

The emergence of hepatitis D virus (HDV) infection in the era of widespread HBV vaccina-
tion has not been described before. We aimed to investigate the changing epidemiology of
HDV infection among high- and low-risk populations after an outbreak of human immuno-
deficiency virus (HIV) infection among injection drug users (IDUs) in Taiwan. A prospective,
multicenter, cohort study of 2,562 hepatitis B surface antigen (HBsAg)-positive individuals
was conducted to determine the prevalence, genotype, and risk factors of HDV infection
from 2001 through 2012. The prevalence rates of HDV infection were 74.9%, 43.9%,
11.4%, 11.1%, and 4.4% among HIV-infected IDUs, HIV-uninfected IDUs, HIV-infected
men who have sex with men, HIV-infected heterosexuals, and the general population of
HBsAg-positive subjects, respectively. A significant increase in.the trend of HDV prevalence
from 38.5% to 89.8% was observed in HIV-infected IDUs (odds ratic = 3.06; 95% confi-
dence interval: 1.68-5.56; P = 0.0002). In multivariate analysis, injection deug use, hepatitis
C virus infection, HIV infection, sernm HBsAg level =250 IU/mL, duration of drug use, and
older age were significant factors associated with HDV infection. HDV genotype IV (72.2%)
was the prevalent genotype circulating among IDUs, whereas genotype I was predominant
in the non-IDU populations (73.3%). In the HIV cohort born after 1987 who wete HBsAg
negative, over half (52.9%) had antibody to hepatitis B surface antigen antibedy levels of <10
miU/mL and there was a significantly higher HBsAg seroprevalence in the HIV cohort, com-
pared to the control group (8.1% vs. 0.0%; P = 0.02). Conclusion: In the era of HBV vaccina-
tion, IDUs and HIV-infected individuals have emerged as high-risk groups and a reservoir for
HDV infection. Effective strategies are needed to curb the reemerging epidemic of HDV infec-
tion in these high-risk groups. (HeratoLocy 2015;61:1870-1879)

epatitis D virus (HDV) is a defective, single- patieﬁts with hepatitis B virus (HBV) and HDV dual
Hstranded RINA virus that requires hepatitis B infections have more severe liver disease, more rapid

sutface antigen (HBsAg) envelope for assem- progression to cirthosis, and increased frequency of
bly and transmission."” Studies show that most hepatic decompensation and hepatocellular carcinoma
1 .

Abbreviations: Abs, antibodies; ALT, alanine transaminase; anti-HBe, antibody 10 hepatitis B core antigen; anti-HBs, antibody #9 hepativis B surface antigen;
AST, aspartase sransaminase; CAH, chronic active heparitiss CHB, chvonic hepatitis B; CI, confidence interval; HBedg, heputitis B ¢ ansigen; HBiAg, hepatitic B'
surface antigen; HBY, hepatitis B virus, HCC, bepavocellular carcinoma; HCY, hapaitis C vivasy HDV, bepatitis D vivus; HIV, buman immunodsficiency virus;
IDU, injection drug wers; LG, Liver cirvhoris; MSM, men who bave sex with.-men; OR, odds ratie; PCR, polymerase chain reaction,
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(HCC).? Many studies report a poor response rate to
interferon treatment and the ineffectiveness of nucleo-
side/nucleotide analog treatment.* Accurate estimation
of updated prevalence and risk factors is important to
identify risk groups to screen and make an effective
policy to conirol the spread of HDV.

Approximately 15-20 million people are infected
with HDV worldwide; however, its prevalence varies
in different geographic regions™* In the past three
decades, several longitudinal swudies show that the
prevalence of HDV is decreasing in formerly highty
endemic areas, such as lialy, Spain, Turkey, and Tai-
wan.*” However, HDV infection has recently ree-
merged  with  clustered outbreaks of HDV
superinfection among high-risk populations in Vene-
zuela, Ecuador, Mongolia, Greenland, Samara (Russtia),
Okinawa (Japan), Central Africa, ‘and the Amazon
basin, as well as in the immigrant population from
endemic areas in Europe. '

Taiwan is an endemic area of HBV infection. Before
the implementation of a nation-wide HBV vaccination
program, the prevalence rate of HBV infection was
15%-209% in the general population. The vaccination
program was launched in July 1984 to include new-
borns of high-risk, HBsAg-positive mothers and
extended to all newborns after July 1986.8 Thereafter,
the rate of superinfection with HDV in patients with
chronic hepatitis B (CHB) with acute exacerbations
decreased from 23.7% in 1983 to 4.2% in 19957 A
similar decline in HDV prevalence of injection drug
users (IDUs) and prostitutes in Taiwan was observed
in 2002, falling to a rate of 14% and 5%, respec-
tively.” Smaller studies among IDUs with and without
human immunodeficiency virus (HIV) infection
reported a varyin% prevalence of HDV infection from
10% to 91%."®® This decline may be attributed to
the successful implernentation of the nation-wide HBV
vaccination program,® as well.as sustained educational
efforts to the general public.

Between 2003 and 2006, an outbreak of HIV and
hepatitis C virus (HCV) coinfection, originating from
a geographically large transmission network from
China, occurred among IDUs in Taiwan.!”!® In this
outbreak, our group reported an extremely high preva-
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lence of HCV coinfection (up to 98%) and discovered
the introduction of several novel HCV genotypes into
Taiwan."” We hypothesized that this outbreak may’
have also led to a major change in the prevalence and
genotype of HDV infections among IDUs and HIV-
infected individuals in Taiwan. The identification of
risk factors causing HDV infections in different popu-
lations is crucial for public health measures to control
HDV infections, The current study aims to investigate
the current prevalence, genotype, and risk factors caus-
ing HDV .infections in vatious populations in Taiwan

in an era of 30 ‘years after a national HBV vaccination
program.

Patiehts and Methods

Study Population. A multicenter, prospective, lon-
gitudinal, cohort study of HBsAg-positive individuals
was conducted from 2001 through 2012. Six referral
hospitals designated for hepatitis and HIV/acquired
immune deficiency syndrome care in Taiwan partici-
pated in this study, including Taipei Veterans General
Hospital (Taipei, Taiwan), Kaohsiung Veterans General
Hospital (Kaohsiung, Taiwan), Kachsiung Medical Uni-
versity Hospital (Kaohsiung, Taiwan), National Cheng
Kung University Hospital (Tainan, Taiwan), Taipei
Municipal Venereal Disease Control Institute (Taipe,
Taiwan), and E-Da Hospital (Kaohsiung, Taiwan). A
total of 2,562 individuals were identified to be serologi-
cally positive for HBsAg, including 2,029 HBsAg-
positive subjects who were followed up at outpatient
clinics (304 diagnosed with HCC and 1,725 withous
HCC) from the general population, 369 individuals
with HIV infection (263 IDUs, 70 men who have sex
with men [MSM], and 36 heterosexuals), and 164
HIV-uninfected IDUs from the methadone oitpatierit
clinic (Fig. 1). The HIV cohort of 369 HIV-infected
individuals with serum HBsAg positivity was recruited

© from 1,662 HIV-infected individuals taken care of ar

the HIV outpatient clinic. The HiV-uinfected 1DU
cohort consisted of 164 of 218 HBsAg-positive individ-
uals and was recruited from 1,157 IDUs attending the
methadone outpatient clinics. The seroprevalence rate
of HBsAg in the community was derived from &
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HDV study population Healthy control for prevalence

[n=2562} of HBsAg (n=34346)
I
HBshg+
{n=3730)
Genertaf population HIV(+) colioit® HIVE}IDU cohort**
with HBsAg+ . WithHBsAg+ With HesAgy
{ne2025) (n=365) {n=164)
Without With DU {r=263}
HCC HCC MSM (n=70)
{n=1725) | { (n=304) Heterosexua) {n=36)

Fig. 1. Flowchart of study subjects who entered the study. *HIV(-+)
cohort {n=1681); **HIV(—) IDU cohort (n==1157); HDV: hepatitis
delta virus; HBsAg: hepatitis B virus sutface antigen; IDU: Tnjection
drug users; MSM: men wha have sex with men.

control group of 34,346 healthy, non-IDUs and HIV-
uninfected individuals undergoing routine health
checkup during the study period.”® The clinical status
of the patients was defined as follows: (1) inactive car-
rier state: patients who are asymptomatic, have normal
alanine transaminase (ALT)} and aspartate transaminase
(AST) levels, normal sonography, and either negative
for hepatitis B e antigen (HBeAg) with-an HBV-DNA
load less than 2,000 IU/mL or HBeAg positive and
HBV-DNA load <20,000 IU/mL; (2) chronic active
hepatitis (CAH): patients who had either elevated AIT
and AST levels without cirrhosis on sonography, or
HBeAg positive with HBV DNA >20,000 IU/mL or
HBeAg negative with HBV-DNA load >2,000 IU/mL;
and (3) HBV-related cirrhosis: any martker of portal
hypertension or ultrasonographic finding of small and
coarse: echogenicity of liver with round edges. Superin-
fection with HDV was defined as seroconversion of
anti-HDV or low anti-HDV titer <100 diution at
acute exacerbation of hepatitis (ALT' level 2400 TU/L)
in CHB carriers.2 :
Laboratory Test. Serum antibodies (Abs) to HCV
and HIV, HBeAg, the antibody to hepatitis B core
antigen (anti-FBc), HBsAg, and quantitative HBsAg
levels were assessed by using the Abbott Architect sys-
tem kits (Abbott Laboratories, Sligo, Ireland). Anti-
HDV immunoglobulin G Ab was determined using
the ANTI-FIDV enzyme-linked immunosorbent assay
kit (DiaSorin, Saluggia, Italy). Quantification of HBV
DNA was tested using the Cobas TagMan with a
lower limit of detection of 6 IU/mL (Roche Diagnos-
tics, Mannheim, Germany). Genotyping of HBV was
performed by polymerase chain reaction (PCR) restric-
tion fragment-length polymorphism of the surface
gene of HBV>! Serum HDV RNA was detected usin%
in-house real-time PCR, as previously described.?
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~ Sensitivity of the real-time PCR method assay to

detect HDV RNA was 400 copies/mL and the linear-
ity of quantification ranged from 2 X 10% 10 2 X 10°
copies/mL. HIV plasma viral load was determined

* using a Cobas Amplicor HIV-1 Monitor Test (version

L.5; Roche Diagnastics) or the HIV-1 RNA 3.0 Assay
(bDNA; Siemens, Tarrytown, NY), according to the
manufacturers’ protocols. Demographic characteristics
and behavioral information were collected duting
interviews. The study protocol was approved by the
local institutional review boards.

HDV Genotype. To determine HDV genotype,
viral RNA was extracted from 140 4L of plasma using
a QIAamp Viral RNA Mini Kit (Qiagen, Hilden, Ger-
many), and nested reverse-transcription PCR was per-
formed to amplify the HDV delta-gene fragment
(nt856-1275 relative to HDV reference strain JA-
M27), as described elsewhere.® The first primer pairs
used were HDV850 (5'-CGG ATG CCC AGG TCG
GAC C-3) and HDV1380 (5-GGA GCW CCC
CCG GCG AAG A-3'). The second primer pairs used
were HDV-856 (5-AGG TGG AGA TGC CAT GCC
GAC-3) and HDV-1275 (5-GGA YCA CCG AAG
AAG GAA GGC C-3'), After purification with a QIA
quick PCR Purification kit (Qiagen), samples were
screened with Xhol restriction fragment-length poly-
morphism analysis and then sequenced using an auto-
matic sequencer (3100. Avent Genetic Analyzer, ABJ;
Applied Biosystems, Foster City, CA).22 Phylogenetic
analysis of a 419-base-pair fragment covering the
HDV delta. gene fragment was used to determine the
HDV genotypes. Sequences were compiled using the
BioEdit program (version 7.2.5; httpt//www.mbio.
ncsu.edu/bioedit/bicedit.html), MEGAG (molecular
evolutionary genetics analysis, vetsion 6.0), and CLUS-
TAL X. To climinate potential contamination, all of

. the sequences obtained were subjected to an HDV

BLAST search to compare them with related reference
sequences in the HDV darabase from the Gene Bank
of the National Center for Biotechnology Information
(Bethesda, MD). Genotypes were assigned after align-
ment with reference sequences. The following controls
were used to construct a tree: HDV genotype I
X85253, X77627, M92448; HDV genotype 1I:
‘TW2476, X60193; HDV genotype ITb-M: AR309420;
HDV genotype III: AB037948; HDV genotype IV:
AF209859, TWD62 (AF018077), AY452981; HDV
genotype Vi AMI83326: HDV  genotype VI
AM183329; HDV genotype VII: AM183333; and
HDV genotype VII: AX741169. The genetic distance
of the HDV sequences analyzed was calculated using
the two-parameter model used by Kimura. Phylogenetic
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Table 1, Demographlc Characteristics of the HBV Carrlers In General Population and Varlous Risk Groups {(n = 2,562)

General Popufation of HBsAg (+) HIV Negatlve HIV-Posttlva Patlents (n=369)
Total All HCC(=) HEEC{+) IDUs 1DUs MsM Helerosexual

Characteristic ‘(I'l = 2',562) {n=2,029) (n=1,725) {n=304) {n=164) {n=263) {n==10) (n=238) PValue

Age, vears, mean, 3D. 46.6, 133 488, 13.7 472,136 565, 123 395,80 379,72 380,78 462,124 <0.0001

(range) (9.0-101.0)  (9.0-101.9) (9.0-101.0) {28.0-89.0) (26.0-68.0) {24.0-64.0% {23.0-69.0) (26.0—74.0)

Sex, male, no. (%) 1,994 (17.8) 1,406 (73.7) 1,247 (72.3) 248(81.6) 145 (384} 251 (95.4) 70 {100.0) 33 (9LT) <0.001
AST 38 IU/L, no. (%) 1,273 (89.2) 1,055 (83.2) 908 (83.7) 146 (59.8) 63 (38.4) 127 (52.1) 2138, 8(333) «0.001
ALT =40 /L, no. (%) 1,528 (60.9) 1,279 (63.2) 1,118 (65.0) 180 (528) 717 (47.0) 137 (56.9) 25(44.8) 11 {45.8) <0.001
ALT 2 400 IU/L, no. (%) 248 (9.8) 243 (12.0) 230 (13.4) 13 (4.3) 0 (0.0) 2 {0.8) 0 (0.0) 1(4.2) <0.001

inactive carrler, no, (%) 551 (21.5) 312 (15.4) 78{47.6) 108 (41.4) 36(51.4) 17 (472) <0.00%

CAH, no. (%) ) 1,525 (59.5) 1,245 (61.3) . B0 (48.8) 150(57.0) 34(488) 16 (444)  <0.001

Cirhosls, no. (%) 324 (12.8) 313 (15.4) 1687 9.7y 14541 3(1.8) 5{1.9) 0 {0.0} 3 {8.3) <0.001

HCV seroposttivity, no. (%) 461 (19.3) 73 {4.0) 58 (3.8} 15(5.3) 132(815) 234(983) 8 (11.4) 4(11.1)  <0.001

HBsAg level 2250 1U/mL 1,376 (74.7) 1,285 (76.3) 1,058 (76.5) 196 (75,7} 108 (66.3) 168 (71.5) 34 (68.0) 14 (60.9) 0.02

HBeAg 568 (33.7}) 520 (34.8) 487 (874) 33(17.3) 1{25.0) 30 {(22.1) 12 {353} 5250y  <0.001

HBY viral load >100,000 [W/mL 1,081 {49.5) 1,041 (53.4) 924 (847} 117 (447) 3214, 25 (14.5) 9 (19.2) 13(50.0)  <0.001

HBV genotype

B 730 (65.1) 694 (65.0) 632 (65.8) 62 (60.2) 0 (0.0} 12(67.1) 14824 10 (62.5) 0.33
[ 386 (344) 370 (34.6) 3928 (340) 41 (39.8) 0{0.0) 8 (38.1) 3{17.1 6 (37.5)
Others* 5 (0.4) 4 {0.4) , 4 (0.4) 0 {0.0% 0(0.0) 1{4.8) 0(0.0) 0 (0.0)

*Data were 3 of ganotypes B and G recomblnation, 1 of genotype A, and 1 of gen'otype D.

trees were generated using the neighbor-joining method
implemented in the CLUSTAL_X 1.81 program. The
branch significance was. analyzed by bootstrap with
1,000 replicates. The trees were printed using TreeView
software (version 1.6.6). SIMPLOT and BOOTSCAN
of the SIMPLOT 3.5.1 program (http://sray.med.som.
jhmi.edu/SCRoftware/simplot/) were used to determine
potential intergenotypic recombination. 2

Statistical Analysis. Results were analyzed using
Stata software (v10.0; StataCorp LP, College Station,
TX). Categorical variables were analyzed using Pearsords
chi-square test or Fisher’s exact test, as appropriate, The
chi-squared test for trend was used to analjze the wend
of proportions; 95% confidence interval (CI) was calcu-
lated for proportions. Continuous variables were ana-
lyzed using the Student. z test. All tests were two-tailed
and a P value <0.05 was considered significant. Logistic
regression was used to analyze the risk factors for acquir-
ing HDV infection. All variables with P<0.10 in the
univariate analysis were considered for inclusion in the
multivariate model. Forward sclection, using the likeli-
hood ratio test, was used to select the final multivasiate
model for risk factors for acquiring HDV infection.

Resulis

Demographic Chavacteristics of Study. Partici-
pants. A total of 2,562 HBsAg-positive individuals
were investigated in this study, and the demographic
characteristics are shown in Table 1, There were 1,994
(77.8%) males and 568 (22.2%) females, with a mean

age of 46.6 years (range, 9-101). Age, sex, clinical sta-
tus (inactive cartier, CAH, and presence of liver cir-
thosis  [LC]), HCV  seropositivity, HBsAg titer,
HBeAg, and HBV viral load were significantly differ-
ent between the study groups. Among HBsAg-positive
individuals attending outpatient clinics from the gen-
eral population, 312 of 2,029 (15.4%) were inactive
carriers for HBV, 1,245 of 2,029 (61.3%) had CAH,
313 {15.4%) suffered from LC (of which 145 had
HCC), and 159 had HCC without LC, HCV seropre-
valence was highest (98.3%) among HIV.infected
IDUs and lowest in the general population of HBsAg-
positive subjects (4%). HCV prevalence among the
general population of HBsAg-positive subjects living in
notthern and southern Taiwan differed significantly (9
of 818 [1.1%] vs. 64 of 1,010 [6.3%]; P<0.001).
Comparison of HBV  Seroprevalence Rates
Between the Heaith Checkup. Control Group, HIV;
and HIV-Uninfected IDU Coborts. The prevalence
rates of HBsAg in the HIV cohort (22.2%; 369 of
1,662) and HIV-uninfected IDU cohort (18.8%; 218
of 1,157) were both significantly higher than the cop-
trol group (10.9%; 3,730 of 34,346; P<0.001). The
seroprevalence of antibody to hepatitis B surface’ anti-
gen (anti-HBs), anti-HBc, and isolated anti-HBc
among the HIV cohort and HIV-uninfected IDUs was
57.9%, 82.5%, and 19.8% and 60.6%, 85%, and
20.9%, respectively. For individuals born after 1987,
there was a significantly higher HBsAg seroprevalence
in the HIV cohort, compared to the control grou
(8.1% [3 of 37] vs. 0% [0 of 97]; P2=0.02). In the
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HIV cohort born after 1987 who were HBsAg nega-
tive, over half (52.9%) had anti-HBs levels of <10
mIU/mL. _ )

Prevalence of HDV Infection in Risk Groups and
HBsAg-Positive Subjects From the General Popula-
tiorz. ‘The overall prevalence of HDV infection in
HBsAg-positive individuals was 14.5% (371 of
2,562). However, there were distinct differences in
prevalence rates among the different groups. The sero-
prevalence rates of HDV were 74.9%, 43.9%, 11.4%,
11.1%, and 4.4% among the HIV-infected IDUs,
HIV-uninfected IDUs, HiIV-infected MSM, HIV-
infected heterosexuals, and HBsAg-positive subjects
attending outpatient clinics from the general popula-
tion, respectively (Fig. 2). The overall HDV preva-
lence among IDUs -was 63% and was higher in HIV-
infected IDUs than non-HIV-infected IDUs (74.9%
vs. 43.9%; P<0.001)., HIV-infected IDUs had the
highest risk for HDV infection (adjusted odds ratio
[OR] =76.61; 95% CL 28.78-231.45). Among
HBsAg-positive subjects attending outpatient clinics
‘from the general population, HDV prevalence rates
were 3.29%, 3.4%, 5.9%, and 9.6% among inactive
carriers, CAH, HCC, and LC, respectively. A higher
HDV prevalence was observed in those who had LC,
compared to those without LC (9.6% vs. 3.5%;
P<0.001) and in those subjects living in southern
Taiwan, compared to those in northern Taiwan (6.1%
vs. 2.5%; P<0.001),

Secular Change of HDV Prevalence in Different
Subgroups. The trend of HDV prevalence in HIV-
infected 1DUs revealed a significant increase between
2001 and 2008 from 38.5% in the period 2001-2004
to 89.8% in 2009-2012 (OR=3.06; 95% CI: 1.68-
5.56; P=0.0002, by the chi-squared test for trend;
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Fig. 2. Seroprevalence of HDV
infecion among varlous groups
(n=2,562).

Fig. 3), No differences were observed in the other
groups.

Incidence of Acute HDV Supmnfécum in the
HBsAg-Positive Subjects From the General Popula-

on. ' Among HBsAg-positive subjects with acute
exacerbations with an AUT level =400 TU/L from the
general population who showed seroconversion of anti-
HDV or low anti-HDV titer <100 dilution at acute
exacerbation of hepatitis, defined as HDV superinfec-
tion, was 3.4% (8 of 237). This demonstrated a signif-
icant decrease in the-incidence of HDV superinfection,
compared with previous studies, reporting incidence
rates of 14.6% (77 of 527; P<0.001) in 1997 and
15% (9 of 60; P=0.002) in 1999.”%° When analysis
was stratified by HBeAg, the rate of HDV supermfcc—
tion was 1.6% (2 of 126) for HBeAg-positive and
5.4% (6 of 111) for HBeAg-negative individuals.

%
100%  ~ribU(neaz7)
~a-HIVHIDU+ (aw263) 39.8%
8% yvencnisttnetosy 0N
——Genezal papulation
60% | (wzoas) P 2.5%
40% [ 335%
29.4%
W% I am 7.4%
i::::x::Z:jM%
o L_19% _ T 4.1%
2003/2004 20052008 2008/2012
Yeas

Fig. 3. Trend of HDV seroprevalence among different HSSAg-positive
groups (n=2,562) by 4-year period revealed a significant Increase In
HiV-Infected 1DUs from 38,5% Tn 2001-2004 to 89.8% In 2009-2012
(OR=3.06; 95% CI: 1.68-5,56; P=0.0002, by the chi-square test
for rend) and no differences among the other groups.
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Tahle 2. Multivariate Logistle Regresston Analysts for the Risk Factors of KDV Infection {n=2,562)
Factoy crude OR {85% ©1) P Value Adjusted OR* (95%en P Value
Age, years
<40 1.00 1.00
40-49 0.54 {0.41-0.71) <0.001 0.93 {0.64-1.37) 0.73
=50 0.33 {0.25-0.44) <0.001, 1.62 (1.08-2.41) 0.02
Sex, male 289 - (203-4.11) <0.001
HIV infectlon 1638 (12.6-21.3) <0.001 281 {1.94-4,05) <0.001
HCY Infection 2516 {19.0-33.3) <0.001 3.84 (2.34-6.31) <0.001
HBsAg thter =250 W/ml 126 {0.55-1.67T) 0.11 2,38 (1.63-3.51) <0.001
HBeAg positivity 0.49 [0.34-0.71) <0.001
HBV genotype
B 1.00
c 0.71 (0.37-1.37) 031
AST >38 (U/L 0.78 (0.62-0.99) 0.04
ALT 40 1U/L 0.86 (0.69-1.00) 0.21
Injection drug use 3393 {25.66-44.88) <0001 7.18 {4.25-12.14) <0001
Duration of grug use, years (n = 232) .
<5 1.00 1.00
59 2.08 {1.04-4.18) 0.04 2.00 {0.92-4,39) 0.08
z10 2,00 (1.11-3.92) 0.02 231 (1.11-4.80) 0.03

*The final multivariate model included age, HIV Infection, HCV seropositivity, and IDU status.,

Multivariate Analysis of Risk Factors Associated

With HDV Infection. In multivariate logistic regres-
sion analysis adjusted for age, HIV infection, HCV
seropositivity, and IDU status, major risk factors asso-
ciated with HDV infection were injection drug use,
HICV infection, HIV infection, serum HBsAg level
=250 IU/ml, duration of drug use >10 years, and
age 250 years (Table 2). There was a significantly
increasing trend in the HDV prevalence with age in
the non-IDU population (OR = 1.32; 95% CI: 1.09-
1.60; P= 0.005, by the chi-squared test for trend; Fig,
4), but not among the IDUs (OR = 0.85; 95% CI:
0.67-1.08; P=0.18). A significantly increasing trend
in the cumulative HDV prevalence was observed in
232 IDUs with each year of injection drug use, in

20.0% 1
= anon-{bls (n=1791)
?g 15.0%
E
£ wow
:
2 so%
B
3

0.0% 4 . W

30-39 40-49 »u 50
Age {years)

Fig. 4. Trend of HDV prevalence assoclated with age in the non-IDU
population revealed a slgnificant ncrease associated with age in the
non-IDU  population {(n=1,791; OR=1.32; 95% CI 1.09-1.80;
P =0.005, by the chi-squared test for trend).
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those using drugs for 15 years and less (OR = 1.14;
95% CI: 1.05-1.23; P=0.001; Fig. 5).

Comparison of Patients With and Withour HDV
Viremia. HDV RNA was detectable in 148 of 342
samples from -the anti-HDV.positive individuals -
(43.39%). Age, gender, transmission routes, HCV sero-
positive rate, and HIV viral loads were not different
between patients with and withour HDV viremia
(Table 3). HBV viral factors, serum HBV-DNA levels,
and HBeAg status were also similar between these two
groups. However, HDV viremic individuals had a
higher frequency of elevated fiver transaminase levels
and HBsAg levels of =250 IU/ml.

00%
0%
80% |
0% |-
60%

54.7%
50%

30%
20%
10%

0%

Cumulative seroprevalence of HODV

Buratlon of Intravenous Drug Use (Years)

~ Flg. 5, Cumulative prevalence of HDV Infaction among the 232
[DUs revealed a slgnificant increase associated with Increasing dura-

tion of Infection drug use (OR=1,14; 95% C& 1.05-1.23;
P=0.001).
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Tahle 3. Basle Characteristics of the Patlents With HDV Seropositivity, With and Without Detectable HDV RNA (n = 342)

HBV Seropositiva HOV-RNA Posltive HDV-RNA Negative
Charactetistio N (n=342) {n=148) n=184) P Valua
Aga {mean, SO, range) 342 40, 10,5 {16.7-80.8) 383, 9.6 (16.7-66.0) 41.4,10.8 (21,9-80.8) 0.20
Sex, male, n {%) 342 317 (92.1) 135 {91.2) 182 (93.8) 0,36
Rlsk factor for HIV Infection 182 3{41) 5 (6,1} 3{2.8) 0.51
MSM . 3{4.1) 5(6.4) 3(2.8) 0.51
Heterosexual 4 {2.0) 2(24) 2(1.8)
DU 184 (93.8) 75 (91.5} 109 (95.6)
CD4 csll count, calls/emm? 141
<200 5 (3.6) 2(33) 3(3.8) 0.95
200-349 34 (24.1) 14 (23.0) 20 (25,0}
>350 102 (72.3) 45 (73.7) 57 {7T1.2)
HWV viral load, coples/mL 143 ’
<10,000 114 (79.7} 50 (82.0) 64 (78.1) 0.44
10,000-95,999 24 (16.8) 8 (13.1) 18 (19.5)
>100,000 . 5 (3.5) 349 2(24)
HCV seropositvity 308 217 (T1.1) 92 (68.7) 125 (73.1) 0.40
Liver funetion tests 328 » )
AST =38 /L 167 (50.8) 79 (44.8) 88 (47.6) 0.18
ALT >40 JU/L 213 (64.9) 104 (72.7) 108 {58.9) 0.009
AST, IU/L, median (iQR} (range) 43 (31-68) (14-2010) 47 (33-77) {14-1660) 40 (29-85) {18-2010) 0.02
ALT, IU/L, median (IQR) {range) 53 (33-91) (11-1850) 57 (35-99) (12-1850) 47 (31-83) (11-953) 0.03
HBeAg positivity 161 25 (15.5) 10 (14.3) 15 (16.5) 2.70
HBsAg titer 2250 U/mL 304 234477.0) 118 (87.4} 116 (68.8) - <0,001
Serum HEBV-DNA positive (%) 342 228 (66.7) 102 {68.9) 126 (65.0) 0.44
Median HBY DNA, 1U/mL 228 441.5 (24-46,969) 619.5 {32-29,258) 357 (19-60,697) 0.54
HBV DNA =104 71 (31.1) 30 (29.4) 41 (32.5) 0.61

Distribution of HDV Genotypes in Risk Groups
and HBsAg-Positive Subjects From the General Pop-
ulation. HDV genotypes were determined in 153 of
3427 samples from HDV-positive individuals. Distribu-
tion of genotypes based on phylogenetic analysis is
shown in Fig. 6 and summarized in Table 4. The
main circulating HDV genotypes in our study were
genotype IV (56.6%), genotype IT (34.9%), and geno-
type I (8.6%). Genotype IV was the major prevalent
HDV genotype circulating among the IDUs
(P < 0.001), even when stratified by HIV status (Table
4). The main HDV genotype circulating in non-IDUs
was genotype Il. HDV genotype mix or recombination
was-not detected.

Discussion

Qur study showed that there were distinct differen-
ces in the prevalence of HDV infection among differ-
ent populations in an HBV endemic ares, in the era of
30 years after 2 national HBV vaccination program,
The prevalence of HDV infection among the HBsAg-
positive subjects from the general population remained
low in this study (4.4%); however, there was a signifi-
cant decrease in the incidence of acute HDV superin-
fection in the general population.”?® In contrast, the
burden of HDV in high-risk populations was excep-
tionally high. We demonstrated an extremely high
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prevalence of HDV infection among IDUs, particu-
latly in those with HIV infection. A significanty
increasing trend in the ‘prevalence of HDV infection
in HIV-infected IDUs was found from 2001 to 2012,
This increasing trend may be explained by a higher
prevalence of HBV infection in this population and
the consequence of an explosive outbreak of HIV and
HCV infection occurring in Taiwan just before the
conduction of the study,'”18

IDUs who shares needles have the highest preva-
lence of HDV infection worldwide, with rates vatying
fiom 8% to more than 90%.%% Our study revealed
that injection drug use was a major risk factor for
HDV infection, and that the cumulative HDV sero-
prevalence increased significantly with increasing years
of injection drug use in those who had been users for
15 years or less. The association between the duration
of injection drug use-and prevalence of hepatitis B and
C and HIV infection has been described.” However,
there is scant literature on the association between
HDV infection and the duration of injection drug use.
Our study is the first to show a significant, positive
trend in the cumulative HDV seroprevalence per year
of injection drug use.

HCV infection is the second-strongest risk factor
for HDV infection in our study, because it shares the
same route of transmission as HDV. Likewise, many
studies have reported an association between HDV
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Fig. 6. Phylogenetic analysis based on HDY delta-gene sequences from the study population {(n=
-accord with the refative genetlc distance, A number of cominonly used reference delta-
included and are indicatad by accession numbers.

and HCV' seropositivity. A large cohort study con-
ducted in Central Europe showed that HCV coinfec-
tion is a frequent phenomenon, and approximately
one third of patienss with HDV infection tested posi-
tive for anti-HCV.?® In a recent study from Northern
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153). The horizontal branch was drawn in

gene sequences for classifying HOV genotypes were also

]

Table 4. Distribution of HDV Genotypes According %o Risk
Factors (n = 153)

California, approximately half of the HDV-infected o focte

HDVY Genotypa, n (%)

He : " (N=153) | u v 5 talue
individuals were also HCV infected.* Our study also
hat th hical o in th DY vs., nor-10U
showed that c-gcog‘rap variation in tne preva- Hon-IDU {n = 45} 4(89) 33(733) B(17.8) <0001
lence of HDV infecdon among the HBsAg-positive 19U (n=108) 3(83) 21(194 78122
subjects from the general population paralleled the epi- HWH:Sfefe? “:-;‘(""fe"_‘fzc)' AED RUST U8 ook
' . « . N Uninfected (n= 3 » h B
demiology of HCV infection, with a higher prevalence KN fected (1=83) 0 (10.8) 22 (265) 52 (627)
of 1IDV (6.1% vs, 2.5%; P<0.001) and HCV (6.3% 19U vs. non-ibt syatifed :
© vs. 1.1%; P<0.001) in southern Taiwan, compared to by HIV T;ﬁws(
H R : : HiV posltiva {n = 83)
those in northern Taiwan. Geographic chff'erencg cff IDUs (1 =76) 9(11.8 1610 51670 0004
HCV prevalence between southern and northern Tai- fon-DUs (n = 7) 0(000) 6(857)  1(143)
wan has been reported before, and iatrogenic medical WV negative (n=70)
injeet) : H H Bl (n=232) 0 (000} 5(1568) 27{(344) <000t
injections with rel.l“d’. Comam%%tgd Syringes were nen-IbU (n = 38) 4{108) 27(71.1)  7{18.4)
found to be the major risk factor.**
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Older age (250 years) was demonstrated to be a
significant risk factor for HDV infection, and a signifi-
cant increasing trend of FIDV prevalence was found
with age in the non-IDU group. This was consistent
with previous studies.** Among non-IDUs, HIV-
infected individuals, both MSM and heterosexuals,
had a higher prevalence of HDV infection than the
HBsAg-positive subjects from the general population.
This finding suggested that people with high-risk sex-
ual behavior are at an increased risk for HDV infec-
tion, HDV prevalence in HIV-infected persons did
not differ significantly between MSM and heterosex-
uals in our study.

Importanily, our study found a higher HBV carrier
rate in the vaccinated, HIV cohort, compared to the
general population, born after nation-wide HBV vacci-
nation. We also found that anti-HBs levels were below
the level of protection in more than half of HIV and
IDU cohotts who wete not HBV carders. The
increased risk of acquiring HBV and HDV infection
as well as the high rate of chronicity were most Jikely
owing to both their immunocompromised status and
the high-risk behavior leading to repeated exposures to
HDV. This high-risk group may become a reservoir
for HBV and HDV. Therefore, we suggest that an
HBV vaccination booster may be indicated for HIV-
infected persons who are HBsAg negative with low lev-
els of anti-HBs (<10 mIU/mL), even if they had
received HBV vaccination at birth. This is concordant
with the recommendation for booster vaccination in
immunocompromized patients by the European Con-
sensus Group on Hepatitis B Immunity.?®> However,
vaccine efficacy in HIV-infected. individuals requires
further study. :

There are varied geographical distribution of differ-
ent HDV genotypes’; however, whether the distribu-
tion of HDV genotype varies by risk group remains
uncettain. The distribution of HIV and HCV geno-
types has been reported to vary both geographically
and by risk group®* In this study, we demonstrated
that the HDV genotype circulating among the TDUs
was distinct from those circulating among the HBsAg-
positive subjects from the general population. Three
genotypes of HDV have been reported in Taiwan pre-
viously, with a predominance of genotype II, varying
from 85.4% in 1995, 82.8% in 1998, to 55.6% in
2006,>>% whereas genotype IV (genotype IIb in the
old nomenclature) accounted for only 8.6% in 1998
and 13.1% in 2006. A small-scale study of 31 IDUs
with HDV infection conducted in 2002 found a pre-
dominance of genotype II (58.0%) and genotype I
(35.5%), but did not find any cases with genotype
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IV.!® A mote recent study describing the HDV geno-
types among IDUs showed that genotypes 11 and IV
were the two major genotypes.> Our study further
demonstrated the changing molecular epidemiology of
HDV infection in Taiwan, with a shift in the main
circulating HDV genotypes to genotype 1V (56.6%),
followed by genotype II (34.9%) and genotype I
(8.6%). Genotype IV was the major prevalent HDV
genotype circulating among 1DUs, even when stratified

-by HIV status. However, the main HDV genotype cir-

culating in non-IDUs was genotype 1L

Another interesting and novel finding in this study is
the association of HDV infection and viremia with a
serum HBsAg level 2250 TU/mL. A cut-off value of
250 TU/mL was arbitrarily used because this value is
the upper limit of the quantitative test used in our rou-
tine clinical practice. Recently, quantitative HBsAg has
been used as a new maker to monitor the natural his-
tory and complement HBV-DNA, levels to optimize the
management of CHB patients.®® A laxge, central Euro-
pean, cohort study revealed that the mean HBsAg levels
did not differ significantly between HBV-monoinfected
patients end individuals with delta hepatitis.*® Our pre-
vious study revealed that the secretion of genotypes I,
I, or IV generally cortelated with HBsAg levels, buc
not with HBV genotypes or HBV-DNA levels.2* The
finding that high HBsAg levels was a risk factor for
HDV infection and HDV-RNA viremia in patients
with and without HIV coinfection can be explained by
the fact that the assembly of HDV requites only
HBsAg, and not HBV DNA."? It also implies that the
suppression of HBsAg levels may be helpful in control-
ling HDV infection and viremia. An international
study reported that serum levels of HBsAg showed a
weak correlation with the histological activity of disease
in patients with HDV infection.®® However, further
studies are needed 1o elucidate the role of serum levels
of HBsAg in HDV infection.

In summary, IDUs, especially HIV-infected IDUs,
have become the most important risk group in HDV
infection and a reservoir for HDV, even after the imple-
mentation of a nation-wide HBV vaccination program
for 30 years. The dominant HDV genotype in IDUs is
genotype 1V, in contrast to genotype II in the general
population. Effective strategies, such as methadone
maintenance therapy and clean syringe exchange pro-
grams, and new policies are needed to prevent injection
drug use and educate IDUs on the avoidance of prac-
tices that may lead to infection with HDV.

Acknowledgment: The authors are greatly indebted
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Community Outbreak of HIV Infection Linked to Injection Drug Use of
Oxymorphone — Indiana, 2015

Caitlin Contad?, Heather M. Bradley?, Dita Broz?, Swamy Buddbal, Erika L. Chaptman?, Romeo R. Galeng®3, Daniel Hillmanl, John Hon!,

Karen W. Hoover?, Monita R. Patel®3, Andrea Petezl, Philip J. Peters?, Pam Pontonesl, Jeremy C. Roseberry!, Michelle Sandoval23, Jessica Shields?,
Jennifer Walthall!, Dorothy Warethouse?, Paul J. Weidle2, Hsiu W3, Joan M. Duwvel’ (Author affiliations at end of text)

On April 24, 2015, this report was posted as an MMWR Ezrly
Release on the MMWR website (htsp:/fwww.cde.govimmwr),

On January 23, 2015, the Indiana State Department of
Health (ISDH) began an ongoing investigation of an outbreak,
of human immunodeficiency virus (HIV) infection, after
Indiana disease intervention specialists reported 11 confirmed
HIV cases traced to a rural county in southeastern Indiana,
Historically, fewer than five cases of HIV infection have been
reported annually in this county. The majority of cases were in
residents of the same community and were linked to sytinge-
sharing partners injecting the prescription opioid oxymor-
phone (a powerful oral semi-synthetic opioid analgesic). As of
April 21, ISDH had diagnosed HIV infection in 135 persons

(129 with confirmed HIV infection and six with pseliminar- .

ily positive results from rapid HIV testing that were pending
confirmatery testing) in a community of 4,200 persons ({).
The age range of the 135 patients is 18~57 years
(mean = 35 years; median = 32 years); 74 (54.8%) are male,
A small number of pregnant women were diagnosed with
HIV infection and started on antiretroviral therapy during

pregnancy. As of Apsil 21, no infants had tested positive for

HIV, Of the 135 persons with diagnosed HIV infection, 108

(80.0%) have reported injection drug use (IDU), four (3.0%)
have reported no IDU, and 23 (17.0%) have not been inter-
viewed to determine IDU status. Among the 108 who have
reported IDU, all reported dissolving and injecting tablets of
oxymorphone as their drug of choice. Some reported injecting
other drugs, including methamphetamine and heroin. Ten
(7.4%) female patients have been identified as commercial sex
workers. Coinfection with hepatitis C¥irus has been diagnosed
in 114 (84.4%) patients.

. The patients were interviewed about syringe-sharing and sex
partnes, as well as any social contacts who also might have
engaged in high sisk behaviors. Those interviewed reported an
average of nine syringe-sharing partners, sex partners, ot other
social contacts who might be at risk for HIV infection. Of the
373 contacts named as of April 21, a total 0f 247 (66.2%) had
been located, 230 (61.7%) were tested, and 17 (4.6%) either
declined testing or were not able to be tested. Of the 230 con-
tacts who were tested, test results for 109 (47.4%) were HIV
positive, and 121 (52.6%) were HIV negative. Of the 128
contacts who have not yet been located, 74 (57.8%) have been
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identified as syringe-sharing ox sex partners, and 54 (42,2%)
are social contacts regarded as at high risk for HIV infection.

Injection drug use in this community isa multi-generational
activity, with as many as three generations of a family and mul-
tiple community members injecting rogether. IDU practices

include crushing and cooking extended-release oxymorphone,

most frequently 40 mg tablets not designed to resist crushing
or dissolvirig, Syringes and drug preparation equipment are
frequently shared (e.g,, the drug is dissolved in nonsterile water
and drawn up into an insulin syringe that is usually shared with
others). The reported daily numbers of injections ranged from
four to 15, with the reported number of injection partners
ranging from one to six per injection event.

Like many other rural counties in the United States, the
county has substantial unemployment (8.9%), ahigh propor-
tion of adults who have not completed high school (21.3%),
a substantial proportion of the population living in poverty
(19%), and limited dccess to health care (). This county
consistently ranks among the lowest in the state for health
indicators and life expectancy (2).

ISDH worked with the only health care provider in the
immediate community, local health officials, law enforcement,
community partners, regional health care providers and CDC
to launch a comprehensive response to this outbreak. A public
health emergency was declared on March 26 by executive order
(3). The response has included a public education campaign,
establishment of an incident command centerand a community
outreach center, short-térm authorization of syringe exchange,
and support for comprehensive medical care including HIV and
hepatitis C virus care and tteatment as well as substance abuse

- counseling and treatment. State and local health departments

and academic partness, with the assistance of CDC, are working
to implemenc and improve the community outreach programs
supported by the executive order and to interrupt IDU-related
HIV and hepatitis C virus transmission. Contact tracing by state
and CDC disease intervention specialists continues to identify
those potentially exposed.

This HIV outbreak involves a rural population, histosically at
low risk for HIV, in which HIV infection spread rapidly within
a large network of persons who injected prescription opioids.
The Indiana public health response includes implementing
programs to contain the spread of HIV and hepatitis C virus,

MMWR / May 1,2015 / Vol.64 / No.16 443
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curb injection drug use, and concurrently build social resilience
in the community. The outbreak highlights the vulnerability of
many rural, resoutce-poor populations to drug use, misuse, and
addiction, in the context of a high prevalence of unaddressed
comorbid conditions (4). The outbreak also demonstrates
the importance of timely HIV and Hepatitis C surveillance
activities and rapid response to interrupt disease transmission.
Finally, the outbreak points to the need for expanded mental
health and substance use treatment programs in medically
underserved mral areas (5).

Undiana State Department of Health; 2Division of HIV/AIDS Prevention,
National Center for HIV/AIDS, Viral Hepatitls, STD, and TB Peevention,
CDC; *Epidemic Intelligence Service, CDC; 4Clark County Health
Department, Jeffersonville, Indiana; *Indiana University Richard M. Faitbanks
School of Public Health, Indianapalis, Indiana
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Cltation style for this article: '
Cowling BJ, Park M, Fang V], WiL P, Leung GM, Wu JT, Preliminary e

idemlelogleal assessment of MERS-CoV outbreak In South Korea, May to June zo1s. Euro Survelil

2015,20(25) pli=21163. Avaltabla online: http {iwww.eurosurveillance.org/ViewArticle. aspx’ArttcteId=21163

South Korea is experiencing the largest outbreak of
Middle East respiratory syndrome coronavirus infec-
tions outside the Arabian Peninsula, with 166 labo-
ratory-confirmed cases, including 24 deaths up to 1p
June 2015, We estimated that the mean incubation
perlod was 6.7 days.and the mean serial Interval 12.6
days. We found it unlikely that infectiousness pre-
cedes sympiom onset. Based on currently available
data, we predict an overall case fatality risk of 21%
(95% credible interval: 14-31).

South Korea is experiencing the largest outbreak of
Middle East respiratory syndrome coronavirus (MERS-
CoV) infections outside the Arabian Peninsula. Up to-1g
June 2015, there have been 166 laboratory-confirmed
cases, including 24 deaths, 30 recovered individuals
discharged from hospital, and 112 still remaining In
hospital [1]. The aim of our study was to conduct & pre-
liminary epidemiological assessment of the MERS-CoV
outbreak in South Korea in order to further describe
and update key epidemiological determmants of MERS-
CoV outbreaks.

Primary case

The ongoing outhreak in South Korea began when the
primary case developed respiratory illness on 11 May
after returning on 4 May from Bahrain (18 April-2 May)
via Qatar (2—-3 May). Further epidemiological investiga-
tion showed that the primary case had also travelled
to the United Arab Emirates (29-30 April) and Saudi
Arabia (1—2 May) during their stay in Bahrain [2]. Feeling
unwell after returning to South Korea, the primary
case visited a local clinic (Hospital A) in Pyeongtaek,
Gyeonggi province an 12, 14 and 15 May and was hos-
pitalised in Hospital B from 15 to 17 May*. However,
this patient did not Initially report their recent travel
in the Middle East. Upon discharge from Hospital B,
the patient visited another clinic (Hospital €} and was
admitted to a general hospital (Hospital D) in Secut
on17 May, where the patient was later diagnosed with
MERS-CoV on 20 May. Since then, the patient has been

www.aurosurveillance.org

Article submitted on 15]une 2015/ published on 25 June 2015

isolated and treated in another hospital designated by
the Korean government to treat MERS patients.

* Sources of data .

We retrieved publicly available data from multiple
sources, including the Korea Centers for Disease
Control and Prevention (Korea CDC), the -Korean
Ministry of Health and Welfare (MoH), the WHO and
local Korean news reports to compile a line list of all
confirmed cases reporied by 19 June 2015. In case of
any data discrepancy between the different sources,
we used the most up-to-date information from offi-
cial reperts published by the Korea CDC and MoH on
a daily basis during the outbreak. The official reports
were only available in Korean language and included
a brief description of each confirmed case, including
demographic characteristics (e.g. age and sex), date of
exposure and onset of symptoms, as well as possible
linkage with confirmed cases and the associated hos-
pital cluster (e.g. Hospital Ato P).

Statistical analysis

We fitted parametric distributions to the time intervals
() from infection to onset (i.e. the incubation period)
and (if) from illness onset to case confirmation, We also
fitted a nonparametric distribution on the incubation
perlod. The exact dates of Infection were not known for
most cases, but exposure windows were available, and
we accounted for the consequent interval censoring in
the likelihood function [g] and the possibility of infec-
tiousness hefore illness onset (details on the method-
ology are available from the corresponding author on
request). We used survival models to fit alternative
parametric distributions including log-normal, Weibult
and gamma distributions, and compared the good-
ness of fit of these parametric distributions using the
Bayesian information criterion. We observed that the
delay from illness onset to confirmation shortened as
the epidemic progressed, so we fitted two separate
survival curves for onset before and after 28 May, We
used the same approach to estimate the serfal interval



FIGURE 4

Epidemic curve of MERS-CoV infections, South Korea, 11 May-19 Tune 2015 (1 = 166)
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green) and the hospital associated with a confirmed case, We selected the

B: By date of illness onset for 110 of 166 conflrmed cases with available onset data.

distribution, based on data on iliness onset times for
linked cases. We calculated the g5% credible interval
CrY) by hootstrapping.

To estimate the case fatality risk (CFR) allowing for the
uncertain clinical outcomes of those who remained in
hospital on the date of analysis (19 June 2015), we used
the methods proposed by Garske et al. which adjusts
the fatallty risk based on the time-to-death distribu-
tion [10]. We assumed that the time from onset to death
followed a log-normal distribution, and used Markov
chain Monte Carlo methods to estimate the param-
eters In a Bayeslan framework, setting an informative

[

prior for the time from onset to death with a mean of
14 days {11], and non-informative priors for the ather
parameters. All statistical analyses were conducted in

R version 3.0.2 (R Foundation for Statistical Computing,
Vienna, Austria).

Outbreak description ,
The number of laboratory-confirmed cases Increased
rapidly until 7 June, when 23 cases were confirmed on

_ a single day but appears to have subsided since then

(Figure 1A), Figure 1B shows the epidemic cuive by
date of illness onset for 110 cases with available data.
It should be recognised that while the outbreak has not
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TABLE2

Demographic characteristics of confirmed cases of
MERS-CoV infection, South Korea, 11 May-19 June 2015

{n = 166)

. All cases
[ (wen6a)

Fatal casés

n=24)

0-18 years 1 (1%) o (0%)
19~-30 years 31 (19%) o (0%)
£0-59 years 64 (39%) 5 (21%)
60-7g years 61 {37%) 16 {67%)
= Boyears 9 (5%) 3 (13%)

Male 101 (61%)
Female ' 65 (39%)

17 (71%)
7 .(29%)

Healthcare personnel 30 (18%) o (0%)
136 (82%)

MERS-CoV: Middle East respiratory syndrome coronavifus.

Not healthcare personnel 24 (100%)

yet ended, our preliminary assessment shows that the
epidemic to date may have peaked on 1 june when 15
cases reported iliness onset. Median age of the 166
cases was 56 years, 101 of 166 (61%) were male, and
30 of 166 (18%) were healthcare personnel (Table 1).

Transmission chains

Figure 2 shows a summary sketch of the transmis- -

sion chain (additional material** showing the detailed
chains is available at: http://sph.hku.hk/beowling/
eurosurveillancesotsappendix.zip). 119 cases were
identifled by Korea CDC as having had contact with a
confirmed case in the period before their illness onset,
and three of these cases had contact with more than
one confirmed case. A fotal of 27 secondary cases in
a single hospital have been traced hack to the primary

case (excluding six cases with an unclear linkage), and

two of these, Cases 14 and 16, led the second wave
of the outbreak by infecting at least 73 and 24 tertiary
cases, respectively, following the initial outbreak gen-
erated by the primary case in Hospital B (Figure 2). In
particular, Case 14 infected at least 70 cases between
27 and 29 May while being: treated in the emergency
room in Hospital D, one of the five largest hospitals
located in Seoul with 3,980 healthcare professionals
and more than 8,000 outpatient visits per day [12].
According to the press conference given at Hospital D
on 7 june, at least 893 patients and visitors were poten-
tially exposed to the virus during this period [13], which
explains a significant increase in the number of cases
confirmed and notified between 6 and 1t June, Since
12 June, when the first fourth-generation case was con-
firmed, 10 more potential fourth-generation cases have
heen reported. Because of the marked heterogeneity in

wwiwv.eurosurveillance.org

transmissibility, with the vast majority of cases associ-
ated with just these three superspreading events in the
nosocomial setting, it would be misleading to summar-
iy characterise the transmissibility of the virus in this
ongoing outbreak with a single average value of the
reproductive number [14]. The mean serial interval was
12 to 13 days in each of four epidemiclogical clusters
associated with Cases 1, 14, 15 and 16,

Epidemiological parameters

We found that a gamma distribution had the best fitto

the incubation period distribution and was very similar

to the nonparametric estimate (Figure 3A). The fitted
gamma distribution had a median of 6.3 days (95% Cri:

5.7-6.8), a mean of 6.7 days (95% Crl; 6.1-7.3) and-a

9sth percentile of 12.1 days (95% Crl: 10.9-13.3). Using
data on 99 cases with single identified infectors, we

found that a gamma distribution with a mean of 12.6

days (95% Cl: 12.1-13.1) and standard deviation of 2.8
days (95% Ck: 2.4-3.1) provided best fit to the serial

interval distribution (Figure 3B). The mean duration

of illness onset to laboratory confitmation was 8.1
days for cases with illness onset before May 28, and
substantially shorter (mean: 4.4 days) for cases with
illness onset after that date (Figure 3C). We used a log-
normal regression model for the time from illness onset
to laboratory confirmation to estimate that healthcare
worker status was not significantly associated with
time to confirmation (beta=- 0.05; 95% C!: - 0.34 to
0.25), with the point estimate signifying a 5% reduction
in time to confirmation in healthcare workers.

Presymptomatic infectiousness

It appeared that a small number of cases might have
been infected before their infectors became sympto-
matic. Furthermore, Cases 37 and 39 were epidemig-
logically tinked to multiple confirmed cases. To account
for the possibility of presymptomatic infectiousness
and the uncertainty of who infected Cases 37 and 39
when estimating the incubation period, we (i) simulta-
neously inferred the incubation period of the infector
of Case 37, (ii) assumed that Case 39 was equally likely
to be infected by all cases to whom he had heen epi-
demiologically tinked, nameiy Cases 9, 11, 12 and 14
(because the infector of Case 39 was not statistically
identifiable), and (ili) Introduced a parameter Yo repre-
sent the time Interval between onset of symptoms and
onset of infectiousness For example, if cases become
infectious two days before onset of symptoms, then
Y=2 days. For a given value of ¥, the dates of exposure
of a case must not precede the date of symptom onset
of the case's infector by more than Y days. The data
were adjusted accordingly during the estimation of the
incubation period. Furthermore, we excluded Case 40
when performing the estimation because their expo-
sure and onset date were the same, which was implau-
sible, We used Markov chain Monte Carlo methods to

estimate the parameters of this model in a Bayesian
framework,



FIGURE 2

Simplified transmission diagram illustrating the superspreading events associated with Cases 1, 14, 16 and fourth-
generation infections of MERS-CoV, South Korea, 11 May-19 June 2015 (n = 166)

~z-°56&

Hospital B 3

Primary case

2nd generation

MERS-CoV: Middle East respiratory syndrome coronavirus,

In this modelling analysis of presymptomatic infec-
tiousness, our model suggested that infectiousness
might begin 0.4 days.(95% Crl: — 1.2 to 2.4) before ill-
ness onset, which corresponded 1o a very small (right)
shift from the prior distribution. Hence, there was no
evidence that infectiousness preceded symptom onset,
The same conclusion remained when the standard
deviation of the prior was halved or doubled.

Severity of infections

Up to 19 June 2015, 24 cases have died while 30 have
recovered and been discharged; the other 112 cases
remain in hospital and 16 are In critical condition.
Among the 24 fatal cases to date, none of which were
in healthcare workers, the median age was 68.5 years
(range: 49—83 years). We predicted the final CFR to be
21% (95% Crl: 14-31), allowing for the uncertain out-

comes of cases that remained in hospital on the date
of analysis.
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Comparative epidemiology of MERS and
SARS - P 8y

Table 2 compares key features of the MERS outbreak in
South Korea with the features of MERS epidemiology
in previous outbreaks in other countries as well as the
2003 outhreak of severe acute respiratory syndrome
(SARS) [7.9,11,15-18]. In all MERS outbreaks, current
and previous, men were more likely to be cases than
wornen, and the mean age of the cases was around 56
years. There was a marked similarity in the incubation

periods and serial intervals and in the case fatality
risk,

Discussion

MERS is a relatively new disease, with the first con-
firmed case reported in Saudi Arabia in 2012 f2,3].
Globally, a total of 1,321 laboratory-confirmed cases
of MERS-CoV infection, including 466 deaths, have
beeri veported to the World Health Organization (WHO)
to date, of which more than 1,000 occurred In Saud;
Arabia [2,4]. One of the major challenges in countering
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FIGURE 3 _

Bstimates of key epidemiological distributions, MERS-
CoV outbreak, South Korea, 11 May-19 June 2015
(n = 166) '
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MERS-CoV: Middle East respiratory syndrome coromavirus,

A: Incubation period distrthutlon i.e. the time from Infection to
fliness onset basad on 105 cases with available data on potentiai
infection times, accounting for interval censoring, Dashed line:
nonparametric estimate of the distribution; solid fine: fitted
gamma distribution,

B: Distribution of serlal intervals.

C: Distribution of times from iliness onset to laboratory
confirmation. Dashed line: cases with lllness anset before 28 May
2015; solid line: cases with illness onset on or after 28 May 2015,
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the spread of MERS-CoV is the limited understanding
of the transmissibility and transmission patterns of the
virus, in part because MERS-CoV is a novel pathogen
and the experience to date remains mostly confined
to cases in Saudi Arabia [4]. However, the outbreak of
MERS-CoV In Jeddah, Saudi Arabia in 2014 highlighted
an increased transmjssibility for secondary human-to-
human transmission in healthcare settings {s].

Our findings confirm that the epidemiclogy of MERS in
South Korea is similar to that observed in the Middle
East [7] and in fact closely resembles that of the 2002—-
03 outbreak of SARS [17). The epidemic thus far has

- undergone four generations of infection events (Figure

2) arising from delayed tecognition of the primary
patient who sought care at multiple healthcare facili-
ties before finally being diagnosed and isolated. The
Korean outbreak is remarkable in that 148 of 166 trans-
mission events (89%), or 125 of 166 (75%) if those who
were epidemiologically linked to a cluster but not any
infector are excluded, can be attributed to just three
clusters of nosocomial superspreading events (Figure
2). Importantly, there has not been any evidence of
communhity transmission thus far,

Given that (j) there is no known zoonotic reservoir of
MERS-CoV in South Korea, (if) the probability of further
foreign importation of infected cases appears to be
low because very few MERS cases have been identified
outside of the Middle East to date and (jii) infectious-
ness is unlikely to precede symptom onset, the key to
controlling the present epidemic remains prompt rec-
ognition and isolation of further cases through rigor-
ous contact tracing and close medical surveiliance
of those quarantined. This also applies to other out-
breaks of MERS that may occur in the future, We esti-
mated that the incubation period had a gsth percentile
of 12.1 days, which supports the quarantine period of

two weeks currently recommended by public health
authorities. .

Previous studies based on several outhreaks in the
Arabian Peninsula estimated the basic reproduc-
tive number (R) to be between 0.6 and 0.8 overall
(6,7,19,20], although with apparent heterogeneity lead-
ing to sporadic outbreaks in which R; exceeded 1 [24].
In our analysis described here we felt that it would not
be appropriate to estimate an average reproductive
number because of the heterogeneity in transmissibil-
ity associated with the three superspreading events.
However, it is clear that apart from those three events,
the MERS-CoV had low transmissibility in this outbreak.

The CFR of 21% (95% Crl: 14—31} estimated here is
substantially lower than the overall CFR in a previous
analysis of cases most of whom were from the Middle
East (444/1,163; 38%) [2], but the same as the CFR
reported by Cauchemez et al. for secondary cases
excluding sporadic cases identified after presenting
with serious disease {21%) [7], and very similar to the
CFR of SARS in-Hong Kong in 2003 (Table 2) [17]. While



TABLE 2

Comparison of epidemiclogical features of the MERS
ouibreak in Soutﬁ Korea in 2015 with other outbreaks of
MERS, and with SARS in Asia in 2003

MERS MERS

L sars
, sl (9,614
. szlzl:):(,,r;m" Global Hong Kong.
G o Bonpr) o (aong)
;d;?: dl neubation 6.7 days 5.2 days 4.4 days
m:’:&:lerla[ 12.6 days 7 - 12 days 8.4 days®
Case fatality risk 21% 21%* 7%
55.4 yeays 56 years 43.5 years
Mean age (range) (16-87) fas5-9a)° (o2100)
Male 61% 77%° 45%
Healthcare 4 '
personnel 8% 31% 23%

MERS: Middle East resplratory syndrome; SARS: severe acute
respiratory syndrome.

* Singapore.

b Secondary cases only; Includes cases from Europe and the
Middle East. . .

¢ Saudi Arabia,
4 Jeddah.

our estimate of the CFR accounts for uncertainty in the
final outcomes of patients that remain in hospital, it is
challenging to have accurate estimates of the CFR early
in the course of an outbreak [10,22]. If the CFR in this
outhreak remained below 25% once the final outcome
for all' cases has heen ascertained, it would indicate
a lower severity of MERS-CoV than in some previous
and contemporary reports. A lower CFR would be con-
sistent with the much lower severity observed among
secondary cases in the Middle East that were identi-
fied through contact tracing, presumably owing to a
combination of earlier supportive treatment andfor a
lower infective dese and/or lower clinical severlty due
to other host factors [23]. Greater severity in the spo-
radic cases could be an artefact of surveillance biased
towards infections associated with serious illnesses.
Consistent with previous reports, older age was associ-
ated with greater risk of severe disease [15,24,25]. We
did not have data on underlying medical conditions,
but it is known from other outbreaks of MERS that a
history of chronic disease is another risk factor for dis-
ease progression and mortality [11,15,25,26].

Our epidemiological characterisation relied on the
assumption that the transmission network as ascer-
tained by the MoH was accurate. Specifically, the net-
work essentfally comprised secondary cases of three
superspreading events (hamely infections caused by
Case t, 14 and 16). The serial interval and Incubation
period of ‘the secondary cases generated by these
three superspreading events were similar, which sup-
ports the validity of the network ascertained by the
MoH. Nonetheless, infected people with apparently
longer incubation perlods in the data might have been
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tertiary instead of secendary cases, in which case we
would have overestimated the incubation period. On
the other hand, because the outbreak in South Korea
is still ongoing and driven by superspreading events,
tases with very long incubation periods and/or long
serial intervals may not have been identified yet and
we may have underestimated the incubation period

‘and serial intetval distributions.

This outbreak demonstrates the potential for clusters
of emerging infectious diseases to have vety substan-
tial societal and economic impact. In South Korea with
a poputation of 50 million, 166 cases of MERS caused
major reductions in tourism, nationwide schoo! clo-
sures, and some preliminary forecasts for a growth
in annual gross domestic product reduced by at least
0.1% [27]. As this outbreak appears to be coming to
an end, focus of public health authorities may shift
from the immediate contro! efforts towards a detailed
investigation of the mechanisms and causes that led
to the superspreading events. The parallels with super-
spreading events driving the spread of SARS in 2003 in
Hong Kong and Singapore emphasise the importance
of understanding these events and of determining the
measures that could be taken to reduce the risk of simi-
lar incidents happening in the future,

* Author’s correction

On request of the authors, the travel dates of the primary
case in this sentence were corvected April to May. This
change was made on 26 June 2015,

** Note

Additional material made avaitable by the authors on an in-
dependent website is not edited by Eurosurveillance, and
Eurosurvellance s not responsible for the content. The ma-

terial can be accessed at: hitp://sph.hku.hk/beowling/euro-
surveiltance2o15appendix.zip.
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" To the Editor: Influenza virus subtype H6 was first

isolated from a turkey in 1965 in the United States (/) and
was subsequently found in other parts of the world (2).
Over the past several decades, the prevalence of H6 vi-
" tus has dramatically increased in wild and domestic birds
(2—4). In China, highly pathogenic influenza A(HSNI),
low pathogenicity influenza (FI9N2), and H6 are the most
prevalent avian influenza viruses among pouliry (3). Al-
though only 1 case of H6 virus infection in a human has
been reported worldwide (6), several biological character-
istics of H6 viruses indicate that they are highly infectious
to mammals. Approximately 34% of H6 viruses circulat-
ing in China have enhanced affisity to human-like recep-
tors (a-2,6 NenAcGal) (2). H6 viruses can also infect mice
without prior adaptation (2,7), and some H6 viruses can
be transmitted efficiently among guinea pigs (2). To evalu-
ate the potential threat of Hé viruses to human health, we
conducted a systematic serologic study in populations oc-
¢upationally exposed to H6 viruses.

During 20092011, a total of 15,689 serum samples
were collected from live poultry market workers, back-
yard poultry farmets, large-scale poultry farmers, poultry-
slaughter factory workers, and wild bird habitat work-
ers in 22 provinces in mainland China. A/chicken/Y94/
Guangdong/2011 (H6N2), a representative isolate of pre-
dominant H6 viruses in mainland China, was used for the
serologic testing (online Technical Appendix Table 1, Fig-
ures 1, 2, http://wwwnc.cdc.gov/EID/article/21/7/15-0135-
Techappl.pdf). Hemagglutination inhibition (HI) assay
was performed for all serum samples, aid samples with an
HI titer >20 were verified by a microneutralization (MN)
assay, as indicated by World Health Organization guide-
lines (8). An MN result of >20 was considered positive.

The HI result was >20 for H6N2 virus in 298 of the
15,689 specimens, and the MN result was positive in 63
of the 298 specimens (overall seropositivity range 20320,
mean 32.7, 0.4%) (online Technical Appendix Table 2).
The proportion of group members who were seropositive
differed significantly according to occupational exposure
(p = 0.0125). Seropositivity was highest among workers in
live poultry markets, backyard poultry farmers, and work-
ers in wild bird habitats (0.66%, 0.42%, and 0.51%, respec-
tively) (Table). According to *test results, seropositivity
among workers in live poultry markets was significantly
higher than that among large-scale pouliry farmers (p =
0.0015, adjusted a = 0.005. Analysis by unconditional lo-
gistic regression model showed that exposute to live poul-
try markets was a risk factor for human infection with avian
influenza H6 virus (odds ratio 2.1, 95% CI 1.27-347).

Seropositivity-did not differ significantly among male
and female persons tested {p = 0.08) (Table). No children
were positive for the H6N2 virus. For other age groups,
seropositivity ranged from 0.25% to 0.45%, but differences
were not significant (p>0.05) (Table).

Of the 22 provinces from which serum specimens were
collected, 11 were northern provinces and 11 were southem
provinces. Positive specimiens were detected in all southern
provinces. In northern China, no seropositive results were
detected in Henan, Liaoning, or Jilin Provinces. According
1o 4 test results, seropositivity in southem China was sig-
nificantly higher than seropositivity in northern China (p =
0.0375) (Table).

Human infection with influenza H6 virus in mainland
China has not been reported, but 63 serum specimens tested
in our study were positive for the H6 virus. This level of se-
ropositivity is much higher than that for highly pathogenic

Table. Seropositivity of occupationally exposed populations for the influenza (H6N2) virus, China, 2009-2011*

Total no. serum _ Mean fiter for | No. serum samples  Seropositivity (5% Odds ratiot

Population . samples MN 220 with MN 220 Ch (95% Ch
Total 15,689 32.70 63 0.40 (0.40-0.41)
Occupation

Live poultry market 3,950 43.08 26 0.66 (0.64-0.68)  2.10 (1.27-3.47)

Poultry farm 3,762 25.71 7 0.19 (0.18-0.18)  0.40 (0.18-0.87)

Backyard poultry farm 4,324 26.67 18 0.42 (0.40-0.43)  1.05 (0.61-1.82)

Poultry slaughter factory 1,235 30.00 2 0.16 (0,15-0.17)  0.38 (0.08-1.57)

Wild bird habitat 788 20.00 4 0.51 (0.47-0.54)  1.28 (0.47-3.54)

Qther 1,630 23.33 [ 0.37 (0.35-0.39)  0.91 (0.39-2.11)
Sex :

F 7,620 2429 28 0.37 (0.36-0.38) Reference

M 8,069 30.39 35 0.43 (0.42-0.44)  1.18 (0.72-1.94)
Age group, ¥ '

Children, <14 74 - ] 0 0(0)

Youth, 15-24 1,168 20.00 3 0,26 (0.24-0.27)  0.75(0.19-3.00)

Adult, 2559 1,2450 34.07 54 0.43 (0.43-0.44)  1.27 (0.54-2.94)

Elderly, 260 1,748 13.33 6 0.34 (0.33-0.36) Reference

No age record 249 - 0 3] -
Geographic distribution :

South 10,522 32.00 50 0.48 (0.47-0.48) Reference

Norih 5,167 35.38 13 0.25(0.24-0.26) 0,59 (0.30-1.15)

N, micraneutralization; -, notapplicable.

+0dds ratios were calculated by using unconditicnal logistic regression model (SPSS 17.0, Armonk, NY, USA).
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avian influenza A(H5N1) virus, for which only 2 of the se-
rum specimens we tested were positive (data not shown),
but much lower than the seropositivity level for low
pathogenicity avian influenza A(HINZ) virus; 3.4% of the
samples tested were positive for A/Chicken/Hong Kong/
G9/1997(HIN2)}-like virus (data not shown). A previous
US study has reparted H6N2-positive antibodies in veteri-
narians (9). Our results and the veterinarian study indicate
that the H6N2 virus could infect humans.

In our study, positive samples were detected in 19 of
22 provinces and in all tested worker populations, suggest-
ing that the H6 virus has been broadly circulating in birds
in China. Live poultry market exposure is the major risk
- factor for human infection with avian influenza H6 virus.
The limitation of this study is that antigen selection may
not accurately detect neutralization antibodies for differ-
ent subtypes of H6 viruses. Surveillance of the H6 virus
in birds and occupationally exposed populations should be
strengthened for pandemic preparedness.
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Nosocomial Transmission of Severe
Fever With Thrombocytopenia
Syndrome in Korea
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Of the 27 Liealthcare workers (HCWs) who had contact with a
fatally ill patient with severe thrombocytopenia syndrome in
Korea (SFTS), 4 who were invalved in cardiopulmonary re-
suscitation complained of fever and were diagnosed with
'SFTS via seraconversion. Exposnre to resplratory secretions,
blood, or gowns soiled by body fluids was significantly asso-
ciated with 1nfectlon of HCW's.

Keywards.
worker.,

SFTS; nosocomial transmission; healtheare

Severe fever with thrombocytopenia syndrome (SFTS) is an
emerging infectious disease, first reported in China (1] and re-
cenily reported in Korea and Japan [2, 3], The causative agent is
a novel bunyavirus, designated SFTS virus (SFTSV) {1]. Al-
though SFTS is thought to be transmitted by ticks such as Hae-
maphysalis longicornis (4], the exact mode of transmission
remains unclear. Previous studies have identified several clusters
of SFTSV infections in faniily members that appear to have
been transmitted by human contact [4-9}. However, only 2
studies mention possible transmission from index patients to
healthcare workers (HCWs) [4, 6], and data on the details of
nosocomial transmission of SETSV are limited in terms of
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attack rates and risk factors for transmission to HCW's. We re-
part the results of an investigation of apparent cases of nosoco-
mial transmission of SFTSV to HCWs.

SUBJECTS AND METHODS |

Epidemiologic Investigation

The cluster involving suspected nosocomial transmission oc-
curred in a tertiary care hospital in Seoul, South Korea, On 15
September 2014, a doctor working in the emergency depart-
ment was admitted with fever to the infectious disease ward.
During history taking, his contact on 4 September 2014 with
the index patient with suspected fatal scrub typhus was noted.
On 18 September 2014, we received a report from the Korea
Centers for Discase Control and Prevention that the index pa-
tlent was positive for reverse transcription polymerase chain
reaction (RT-PCR) for SFTSV, At that point, we suspected pos-
sible nosocomial transmission from the index patient. An epi-
demiological investigation of all HCWs who had been in
contact with the index patient was immediately initiated. A
standardized questionnaire was used to collect demographic in-
formation, symptoms, details of exposure to the index patient,
and history of outdoor activity. We collected paired sera from all
the HCWs between 19 and 25 Septernber (about 3 weeks after
exposure to the index patient) and 13-17 October (about &
weeks after expasure to the index patient).

Lahoratory Testing :
An immunofluorescence assay (IFA) was used to detect anti-
SFTSV immunoglobulin G (IgG), and RT-PCR was performed
to detect SFTSV RNA. RNA was extracted from the serum using
a viral RNA extraction kit (iNtRON Biotechnology, Gyeonggi,
South Korea) according to the manufacturer’s instructions, To
detect SFTSV RNA, the one-step RT-PCR was performed using
a DiaStar 2X OneStep RT-PCR Pre-Mix kit (SolGent, Dagjeon,
South Korea) with the primers MF3 (5'-GATGAGATGGTC-
CATGCTGATTCT-3') and MR2 (5'-CTCATGGGQGTG-
GAATGTCCTCAC-3’) under the following condition: 30
minutes-at 50°C fot reverse transcription and 15 minutes at
95°C for denaturation as initial step, followed by 35 cycles of
20 seconds at 95°C, 40 seconds at 58°C, and 30 seconds at
72°C, and a final extension step of 5 minutes of 72°C. Virus
was isolated by incubating sera into 2 wells of Vero E6 cells.
For TFA, Vera E6 cells infected with SETSV were incubated at
37°C in a 5% CO, incubator. Cells were harvested, inoculated,
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Tabie 1. Clinfeal, Lahoratory, and Sevological Findings for the
Index Patient and 4 Healtheare Workers With Severe Fever With
Thromhooytopenia Syndrome

Nurses Doctors

Characteristic Index 1 2 1 2

fadtio syriplordorset “NA: Bd 174,

Yes  Yés Yes
Yos Yes Yes VYes Ye;

Yes No No No No
Hash C Yes: Mg N Ng- W

NA Ve ey Ves Ve
Glove NA Mo No Yes Yes
Fama] shisld dbgagly, A, Ho: i\!o o Mg
Whlteblood CE|| 10000 2900 2600 6000 2100
count (x10 /L)
BItelst écint 10 by B4 18t

IFA (IgG)

- <13 1 82 1:64; 21:
NA 1:10241 5121 10241512

\'f.:r'al cd!turé (+)

ND ND ND ND

Abbreviations: (+), positive resulis; (-}, negative results; [FA, immunofluorescence
assay; IgG, immunoglobulin G; NA, not agpliceble; ND, not dons; RT-PCR,

reverse transcription polymerase chain reaction.

and fixed with acetone on Teflon-coated well slides, IFA was
carried out using the patient’s serum as the primary antibody
and fluorescein-labeled antihuman IgG-secondary antibodies
{Thermo Fisher Scientific). A monoclonal anti-SFTSV N anti-

body (manufactured in our laboratory) was used as the positive
control.

Statistieal Analysis

Categorical variables were compared using the %> test or Fisher
exact test, as appropriate. All tests of significance were 2-tailed
and a P value of <.05 was considered to indicate statistical sig-
nificance. Calculations were performed using the SPSS for Win-
dows software package, version 21 (SPSS Inc, Chicago, Hllinois).

RESULTS

Index Patent

The index patient was a 68-year-old waman who lived in 2 ruxal
area 50 km from Seoul and frequently worked in a kitchen gar-
den. She was admitted to hospital with altered mental status on
4 September 2014, Physical exam revealed an eschar on her arm,
Laboratory testing performed on admission revealed leukopenia
(white blood cell count, 10.0 x 10°/L) and thrombocytopenia

;

(platelet.count, 52 x 10°/L). Scrub typhus, which is endemic
in South Korea, was suspected initially and doxycycline was ad-
ministrated. Seizure with respiratory arrest occurred 9 hours
after admission, and cardiopulmonary resuscitation (CPR)
was performed, Despite this, the patient died 12 hours after ad-
mission. The final diagnosis was available on 18 September
2014: RT-PCR for SFTSV was positive and the viral titer was
3.7% 10° copies/mL. Culture was positive for SFTSV, but [gG
against SFTSV was <1:32 (Table 1).

.

Nosocomial Bases of SFTS and Contact Investigation
A total of 27 HCWs contacted the index patient in the emergency
depariment and isolation ward, Of these, 7 were actively involved
in CPR of the index patient, of whom 4 complained of fever
(Table 1). The median time from contact to symptom onset ~
was 8 days (range, 5-12 days). At the time of the epidemiclogic
investigation, only 1 of the HCW's, a doctor, had fever. PCR using
sera from these 4 HCW' about 3 weeks after the exposure gave
negative results. IBA using paired sera obtained from all the
HCWs at about 3 weeks and again about 6 weeks after the EXpo-
sure revealed seroconversion in 3 of the symptomatic HCW's and
a 2-fold increase in titer in the remaining symptomatic HCW
(Table 1). One HCW without any symptoms had 1gG titers of
1256 both 3 and 6 weeks after the exposure. He had no recent
history of outdoor activity. The remaining 22 HCWs all exhibited
Tg(G titers of <1:32 approximately 3 weeks and 6 weeks after the
exposure, There was no evidence by serology of subclinical infec-
tion. The overall attack rate was 15% (95% confidence interval
[CI), 496-349%), but in the subgronp of 7 HCW's who were active-
ly involved in CPR, the attack rate was 57% (95% CJ, 18%-90%).
HCWs who were exposed to respiratory secretions (3 of 7 HCWs)
and blood (4 of 13 HCWs) demonstrated more symptomatic in-
fection than those who were not exposed to respiratory secretions
{1 of 20 HCWs; P= .02} or blood (0 of 14 HCWs; P= 04), In
addition, HCWs who had gowns soiled with body fluid (3 of 5
HCW5) exhibited more symptomatic infection than those wha
did not (1 of 22 HCWs; P=.01). None of the HCWs used a
face shield or goggles as personal protective equipment (PPE),
Only 9 HCWs wore a surgical mask, 5 wore gloves, and 3 wore
a surgical mask and gloves. Fout of 11 HCWSs who had used PPE
{ie, surgical mask, gloves) had symptomatic infection vs 0 of 16
HCWs who had not used PPR (P=.02), Four of 9 HCWs who
wore surgical mask had symptomatic infection vs 0 of 17
HCWs who did not (P=.007), and 2 of 5 HCWs who wore

gloves had symptomatic infection vs 2 of 22 HCWs who did
not (P=.14).

DISCUSSION

The previcus studies mentioned possible transmission from
the index patient to HCWs [4, 6]. Our report, together with

1682 » CID 201560 (1 June) « BRIEF REPORT
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previous studies, indicates that SFTSV should be listed among
possible nosocomially transmissible pathogens, Indeed, the
HCWSs who contacted the index patient did not wear appropri-
ate PPE (as they would have been unlikely to do in a developed
country) because the initial presumptive diagnosis was scrub ty-
phus, in which no human-to-human transmission has been re-
ported. We found that wearing PPE such as mask or gloves was
associated with an increased risk of transmission, Possible .ex-
planations could be that the PPE was a proxy for the risk pro-
cedures in this study; on the other hand, inappropriate use of
PPE (ie, only 3 HCWs wore both surgical mask and gloves
and there was no facial shield or goggle usage) might not protect
against transmission of SFTSV. The strict adherence to routine
blood and body fluid precautions is necessary when HCWs are
in contact with any patient, especially with anyone with sus-
pected viral hemotrhagic fever or a tick-borne rickettsial
disease,

There was no evidence of subclinical infection in any of the
HCWSs who were in contact with the index patient, Data on sub-
clinical infection with SFTSV are limited. One study reported 1
symptomatic and 1 asymptomatic infection with SFTSV among
6 family members who were contacts of a fataily ill patient with
SFTS [9]. Purther studies are needed on this issue,

Our study has several limitations. Pirst, infection in 1 of the
symptomatic FICW's was not confirmed by IFA because there
was only a 2-fold increase in antibody titer between the paired
samples, However, those symptoms developed 5 days after con-
tact with the index patient. The first serum was taken 2 weeks
after symptom onset, and the IFA titer was high (1:512). We
therefore assume that we were unable to document a 4-fold
rise in titer because we failed to get an acute-stage serum sam-
ple. Second, because all HCW's breached the universal precau-
tions, we could not evaluate what type of breaches of standard
precautions were associated with SEFTS fransmission.

In conclusion, we have demonstrated transmission of SETSV
from a fatally ill patient to FHICWs, possibly by blood or

respiratory secretions. Standard strict precautions are needed
with suspected patients with SFTS.

Motesa

Acknowledgments. 'We thank the subjects who volunteered for this
study. We also thank the members in the Office for Infection Control,
Asan Medical Center, Seoul, South Korea.

Financial support.  This work was supported by the National Research
Foundation of Korea (grant number NRF-2013R1A1A1A05004354), Asan
Institute for Life Sciences (grant number 2013-1040), and Koréa Centers for
Disease Control and Prevention (grant number 4800 4837 301).

Potential conflicts of interest.  All anthors: No reported conflicts,

All authors have submitted the ICMJE Form for Disclosure of Potential
Conflicts of Interest. Conflicts that the editors consider relevant to the con-
tent of the manuséript have been disclased,

Rofarences

1. Yu X]J, Liang MF, Zhang SY, et al. Fever with thrombocytopenia
associated with a nove] bunyavirus in China. N Engl ] Med 2011; 364:
1523-32. '

2. Kim KH, Yi ], Kim G, &t al. Severe fever with thrombocytopenia syn-
drome, South Korea, 2012, Emerg Infect Dis 2013; 19:1892-4.

3. Takahashi T, Maeda X, Suzuki 'T, et al. The first identification and retro-
spective study of severe fever with thrombocytopenia syndrome in Japan.
J Infect Dis 2014; 209:816-27.

4. Gai Z, Liang M, Zhang Y, et al. Person-to-person transmission of severe
fever with thrombocytopenia syndrome bunyavirus through blood con-
tact, Clin Infect Dis 2012; 54:249-52.

5. Bao C}, Guo XL, Qi X, et al. A family cluster of infections by a newly
recognized Bunyavirus in eastern China, 2007; Purther evidence of per-
son-to-person transmission, Chin Infect Dis 2011; 53:1208-14.

6. Lin ¥, Li Q, Hu W, et al. Person-to-person transmission of severe fever
with thrombocytopenia syndrome virus. Vector Borne Zoonotic Dis
2012; 12:156-60.

7. Tang X, Wu'W, Wang H, et al. Human-to-human transmission of severs
fever with thromboeytogenia syndrome bunyavirus through contact with
infectious blood. J Infect Dis 2013; 207:736-9.

8. Chen H, Hu K, Zou J, ¥izo 1. A cluster of cases of human-to-human
transmission cansed by severe fever with thrombocytopenia syndvome
bunyavirus, Int ] Infect Dis 2013; 17:¢206-8.

9. Wang Y, Deng B, Zhang J, Cul W, Yao W, Liu P. Person-to-person
asymptometic infection of severe fever with thrombocytopenia syndrome
virus through blood contact. Intern Med 2014; 53:903-6.

94

ERIEF REPORT o CID 2015:60 (1 Tune) » 1483



/¥

rigLoA 1/VHapei

¢ ON

o NI LH ST TR oo s
M CRIRIERFE "D AR B TIYE R B3 BN 0 2 Fi %@Nm,ﬁ,th.mmp&omm@ﬁnﬁu&ﬁ%wﬁp_,:,.,,M
86 1 *QUL 2B TR T (B ) B EBRR S| Acr )4 G2 BI LY LA L LOTRRERA NV Ly (1
OB ES BB N7 B NIRRT O Tk H | e WAL b GO E W LA Y — DL K
UKOBS BEOETEH
: o) PR Y REEN A S AT B R 0NN B
4 (BRI DEAON @em_ﬁsﬁn?voﬁé@eﬁ%»@ﬂ@ﬁe%,g@pe@ﬁﬁﬁ@ﬁg\\ﬁﬁh@ LI RRMAALE RS T
MO EY CHEE LRI B TR Y PO EEOH] KUY T E R BT OlR¥ ﬁpﬁ.w\”w,wum,m @ |
YA CxR . ) . A L ==
AV G LTI o o ors g YRR SO VIR ARRONE YT B THSTO0 U BT 10V 08D BT LT TR AT 5
0SPTE B T2 T S L MRk FseiEsE S N VIANE B 4 b N L A LLAL Y i3 LT AFEEN GG BN E YT D X L €
OVarSe B | T- 25 TS I . e R oo § Ml Rex b ale]) gy
A AT vy iy IR SN (ORI G SR QYR R A—ABY "Y T 2L ER B R0 W M e
- 2 3% B “BEERE UERICHIG T 2 COXE B R 2 oy o 2L HORI D BFLn [l P T0E e YR E S THOT LI 2 e B
EE=SSEWO> ehS107 “Y R BRI By TR LA s (XTI B ch DI SR AL AL B
-G EEEROTHN WLy —kB[T]
LA E—A ) G—y/£00
L | L SreeeT i Ly SRR
Lodr— e n =3 F=
* surgse-etsostor aawond| A YR XEST (0 S MEIC Y (b B) 07T E TS M
B Y B4 R —
NLR%E ST *6 G102 -~
BEwuRos sroswEsy | BEYE-% HEg RESE-=2HE
EERBE SEER TES -
. , 1-eE BRI




ProMED-mail post

-

JRC2015T-016

G ProMED
mail

FOR INEEETIONS blsmss

Published Date: 2015-05-13 11:57:29 _
Subject: PRO/AH/EDR> Ross River virus - Australia {08): (WA, QL) alert
Archive Number: 20150513.3357776

ROSS RIVER VIRUS - AUSTRALIA (08): {WESTERN AUSTRALIA, QUEENSLAND) ALERT
steseseste etk o slestesto o e et Aok sk st R ealORoR sk s et st skt ek sk ok stk ok et s ok s RSO SRR R e oS o

A ProMED-mail post
hitp://www.promedmail.org

ProMED-mait is a program of the
International Society for Infectious Diseases

http://www.isid.org

In this update:
[1] Western Australia
[2] Queensland

KAk

[1] Western Australia

Date: Sun 10 May 2015

Source: ABC (Australian Broadcasting Corporatlon) [edited]

A jump In Ross River virus cases.in midwest Western Australia has prompted warnings from the WA [Western
Australia] Country Health Service,

In April this year [2015], 16 cases were reported, compared to none during the same period last year [2014].

The disease is transmitted through mosquito hite.

Dr Marisa Gllles is urging locals and visitors to take precautions, She sald mosquito numbers could be reduced by
removing stagnant water around the home or campsntes.

The health service sald Ross River virus and Barmah Forest virus could cause painful joints, aching muscles,
tiredness, fever, headache, and skin rashes. These symptoms could last for several weeks and sometimes months,

The health service said people should try to avold mosquito bites by:

- Avoic!ing outdoor exposure around dawn and dusk, especially the 1st faw hours after dark.

- Wearing protective, long, loose-fitting, light-coloured clothing when outdoors.

- Applying a personal repellent containing diethyltoluamide [DEET] or picaridin to exposed skin or clothing. The
most effectlve and long-lasting fermulations are lotfons or gels. Natural or organic repeilents are generally not as
effective as DEET or picaridin or need to be reapplied more frequently.

- Using mosquito coils and mosquito lanterns and applying barrier sprays containlng bifenthrin in patio and outdoor
areas around houses.

- Ensuring Insect screens are installed and in good condition on houses and caravans.
- Using mosquito nets and mosquito-proof tents when camping.

- Ensuring Infants and children are adequately protected agalnst mosquito bites, preferably with suitable clothing,
bed nets or other forms of insect screening.

Communicated by:
ProMED-mall from HealthMap Alerts
<promed@promedmail.org> -
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2] Queensiand
Date: Tue 12 May 2015
Source: Courler Mail [edited]

. £ gensla utheast-gyee -freak-storm-prolonags-ross-river-virys-
u - difs- 7

Brisbane's freak storm has unleashed another wave of mosquitoes and prolonged the outbreak of Ross River virus,

The onset of cooler weather has done little to stop mozzies spreading the disease [virus], which Infects more than
80 people a week, o

Brisbane City Council has carried out more mass insect spraying following the disastrous 1 May [2015] storm that
caused widespread flooding in the southeast.

Nigel Beebe, a vector biologist from the University of Queensland and CSIRO, said saltmarsh mosquitoes, which
transmit Ross River virus, had this year [2015] been blessed with perfect breeding conditions. "We've just had

ideal rainfall,” he sald. "It's allowed mosquito populations to lift to a new level. It's been an unusual year for the
Ross River virus [transmission].” '

Dr Beebe sald the mosquito explosion over summer and early autumn had coincided with high populations of other
insects, such as butterflles and grasshoppers. "It's been a very good season for insects," he said. .

Ross River virus has struck down more than 4645 people since 1 Jan [2015], which makes it the worst cutbreak in
almost 20 years.

A Queensland Health spokesman said the outbreak had been "cyelic” and had already peaked. "Due to the storm,
some breeding sites In the Brisbane area have produced more mosquitoes,” a spokesman said. "However, overall

numbers of Ross River virus mosquitoes are reducing across the greater Brisbane area due to ongoing control
measures and the onset of cooler weather.," ‘

The Initial outbreak was triggered at the start of the year [2015] by torrential rain and kingtides, which flushed out
saitmarshes atong the Queensland coast.

Symptoms of Rass River virus include headaches, fevers, joint or muscle pain, rash and fatigue. The debilitating

viral illness can cause patients to be bedridden for weeks. The effects of Ross River virus [infection}, named after
the river In northern Queensland where it was 1st identified, can continue to last for years.

[Bylne: Damon Guppy]

Communicated by:
ProMED-mail from HealthMap Alerts
<promed@promedmail,org>

[Ross River virus (RRV) infections occur sporadically across Australia. This has been a very active year for RRY
transmission, with 6404 cases reported as of 25 Apr 2015 (see ProMED-mall archive no 20150426,3322934),
Especially hard hit has been Queensland state, where cases have been mounting, approaching 4000 {see ProMED-
~ mail archive no 20150328.3262332) and now reaching 4645 cases reported above, Cases are occurring currently
across the country Iin Western Australia, as indicated in the report above.
Ross River virus Is a zoonotic alphavirus transmitted by a wide range of mosquitces, including _Aedes_ and

—Culex_ species. The recommendation to avold mosquito bites is prudent and should be adopted by individuals
living In or visiting these hot spots where transmission Is occurring.

Some useful references about RRVD provided In an earlier post by Steve Berger include;
1. Berger S: Infectious diseases of Australia, 2015. 616 pages, 165 graphs, 3941 references. Gideon e-books,
: g -of-3 : ‘

W
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Maps of Australia can be seen at http:
http://healthmap.ora/promed/p/289. - Mod.TY]

See Also

Ross River virus - Australta (07) 20150426,3322934
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Ross River virus - Australia (05): (QL) 20150314 .3230696

Ross River virus - Australia (04): (QL) alert 20150225,3192415

Ross River virus - Australia (03): (QL) background 20150219,3176519
Ross River virus - Australla (02): {QL) 20150218,3167404
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" Abstract Background: Jamestown Canyon virus (JCV) is a mosquito-borne virus that is widely
Body: distributed throughout North America, but rarely reported as a cause of tuman disease. JCV is
a member of the California serogroup of bunyaviruses and is likely transmitted to humans
through the bite of an infected edes sp. mosquito. The clinical spectrum of human disease is
not known but the typical presentation, which includes fever, headache, fatigue, and in severe
cases, meningitis or encephalitis, is similar to other arbéviruses. Previous studies have
identified the virus in Minnesota in mosquitoes and white-tailed deer, although the enzootic
maintenance cycle has not been fully described. Minnesota detected its first human case in
2013. Methods: In 2014, the Minnesota Depariment of Health Public Health Laboratory (PHL)
began using an internally developed EIA assay specific to JCV on serum and CSF specimens
submitted for other arboviral testing. It was suspected that prior to the development of this
assay positive results were being missed due to the relatively poor sensitivity of a broader
California group IFA in detecting JCV. Results: From May through October of 2014, the PHI,
performed the JCV IgM EIA on 84 samples from 61 unique patients. Of these 84, 10 (11.9%)
 specimens from seven patients were preliminary positives for JCV. Confirmatory testing using
- plaque reduction neutralization (PRNT) was performed, with four specimens (40%) from three
patients confirming as JCV and four specimens (40%) from two patients confirming as La
. Crosse encephalitis. One patient was negative for all arboviruses by PRNT, and one is pending.
The confirmed JCV patients range in age from 15 to 62, and two of the three were male. Illness
- onsets were from late May to early August. Clinical presentation included fever (3/3), fatigue
(3/3), myalgia/arthralgia (3/3), and headache (2/3). One patient developed encephalitis. All
three patients were likely exposed in Minnesota. Conclusions: Detection of JCV virus
infections in humans has increased with the implementation of routine testing of arboviral
specimens submitted to the PHL, providing further evidence of the virus as an emerging cause
of human disease in Minnesota. It is expected that with continued testing and increased
awareness of JCV as a cause of human disease, cases will continue to be identified,
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Abstract

We report an aggressive fungal keratitis caused by a putatively novel species of
Lophotrichus in a patient with traumatic injury to the cornea from a dog paw. The
organism was isolated from the patient's necrotic cornea, which perforated despite
coverage with hourly fortified, broad-spectrum topical antibiotic therapy. This report

represents the first case of human infection caused by this species.

Key words: Lophotrichus, fungal keratitis, corneal ulcer, corneal perforation, ITS, beta

tubulin, LSU
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CASE REPORT

A 50-year-old woman from rural Maryland, USA presented to the Johns Hopkins
Emergency Department in April 2011 five days after her dog stepped on her right eye
during sleep. She experfenced foreign body sensation and blurry vision at the time but
experienced a rapid decrease in vision on‘Day 4. Wheén she presented on Day 5, she
could only see light and dark in theA right eye. She had no known history of contact lens
use. She had undergone cataract surgery in both eyes one year prior to presentation

and did not wear glasses except for reading.

Physical examination conducted five days after the injury revealed uncorrecied
visual acuity of light perception in the right eye aﬁd 20/25 at distance in the left eye.
There was no afferent pupillary defect present. Slit-lamp examination of the right eye
revealed upper and lower eyelid erythema and edema. Conjunctiva was 3+ injected and
cornea demonétrated large central ulceration measuring 6 mm in diameter with yellow- 7
green discharge (Figure 1A). The anterior chamber demonstrated a robust fibrinous
reaction with no.view of the lens or posterior segment. The patient immediately started
fortified, topical 26 mg/mL vancomycin and 14 mg/mL tobramycin ophthalmic solution
hourly to the right eye. Corneal scrapings were obtained and inoculated onto three
culture media: blood agar containing 5% sheep blood, chocolate agar, and Sabouraud

dextrose agar with gentamicin,

On Day 6 after the injury, the patient added oral doxyeycline 100 mg twice daily
and ciprofloxacin ointment nightly to her regimen. Ultrasonography revealed no
choroidal o retinal detachment. When the patient returned on Day 10, she compiained
of severe pain. Despite frequent drop use, the inﬂltrate. and ulceration persisted with
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formation of significant corneal neovascularization and infetior thinning. The eye was
soft to palpation and 380 degree shallow choroidal detachments were noted, consistent

with microperforation of the cornea.

At this point, four days after corneal scrapings and cultures, preliminary results
demonstrated the presence of a filamentous fungus (on the chocolate agar) and very
light growth (first quadrant of the culture plate) of Corynebacterium macginleyi. Topical
voriconazole 1% was started hourly in the right eye in addition to continuing fortified
vancomyein and tobramycin. She was taken to the operating room where a corneal
biopsy was conducted and an Ambio5 (IOP Ophthalmics, Costa Mesa, CA, USA)

amniofic membrane patch'was grafted onto the ocular surface.

On Day 17 after the initial injury, the infiltrate began to clear superiorly and the
comea had partially epithelialized, at which peint drops were reduced in frequency to
four times daily. Visual acuity was light perception in the right eye. On Day 31, the right
cornea had epithelialized, but a 3.5 mm hyphema was present with engorged iris
vessels, consistent with underlying background herpetic infection. Accordingls'f, she was
started on acyclovir 800 mg five times daily by mouth, and two days later, fopical
prednisolone acetate 1% ophthalmic suspension four times daily. Vancomycin and
tobramycin were discontinued at six weeks, and voriconazole eye drops were
discontinued at 1 year after surgery. A large, inferior paracentral scar remained (Figure
1B). Significant iridocorneal adhesions remained and the patient was maintained on
dorzolamide-fimolol for intraocutar pressure control and 800 mg of oral acyclovir daily to
prevent recurrence of herpetic infection. The right eye remained stable in appearance,

with no new ulceration or Infiltrate, at one year.
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95  Histopathology

96 A fotal of three partial-thickness comeal biopsy specimens were acquired from the

97  superior cornea; the inferior corea was avoided due to thinning and microperforation.

98 Histopathological examination revealed necrosis in regions of the deep comea stroma

99 where an intact epithelium remained (Figure 2). Hematoxylin and eosin (H&E), Periodic
100 Acid Schiff, Gomori methenamine siiver (GMS), Gram-Wéigert, and Brown & Hopps

101  stains were negative for bacteria, fungi or Acanthamoeba organisms.
102 Mycology and Mofecular Identification

103  Culture from the initial corneal scraping grew a filamentous fungus on the chocolate

104  agar within 4 days at 37°C and the fungus was then sub-cultured onto the potato

105  dextrose agar for sporulation. Lactophenol cotton biue stain revealed an irregular and
106  branched hyphal structure; no sexual structure or sporulation was seen. Growth of this
107 fungus was inhibited by cycloheximide. DNA ‘sequencing was performed to identify the
108  organism using methods described previously (1). Briefly, after DNA extraction, the

109 internal transcril.;)ed spacer (ITS) region was amplified and sequenced, and the restits
110  were analyzed by SmartGene (SmartGene, Inc., Raleigh, NC, USA) and used as a

111 BLASTn query of NCBI database. The ITS region showed 98% identity to Lophotrichus
112 fimetitype strain CBS 129.78 (GenBank AY879799.1). Since Lophotrichus is very rarely

113 isolated from clinical samples and the TS sequence result only showed 98% identity,

3 0 114 the isolate was sent to two reference laboratories for further investigation.

i | .

i l: 115 The fungus was referred to the Fungus Testing Laboratory (FTL) at the

gt ‘

g ﬂff 116  University of Texas Health Science Center at San Antonio (UTHSCSA) for identification

2 -'-’_'{:
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by phenotypic characteristics (UTHSCSA D114-343). A Lophotrichus species was
confirmed based on morphological features on a varlety of media as illustrated in Figure

3.

The fungus was also referred to the University of Alberta Microfungus Collection
& Herbarium (UAMH) for species level identification, where it was accessioned as
UAMH 11808. Six Lopholrichus strains (five of which are type strains} (L. ampullus
UAMH 9122, L. bartlettii UAMH 9287, L. fimeti UAMM 42577, L. macrosporus UAMH
0258", L. martinii UAMH 86927 and L. plumbescens UAMH 8710") were included in the
phylogenetic analysis. Genomic DNA was extracted from mycelia of all seven isolates,
and the ITS, LSU and beta-tubulin (BT2) genes were PCR amplified and sequenced
using primer pairs BMB-CR and ITS4 for the ITS region, BMB-CR and LR7 for the LSU
region, and BT2a and BT2b for the BT2 region (2-4). Maximum parsimony (MP)
analyses were performed individually for each locus. MP and Bayesian analyses were
performed on the combined ITS+BT2 sequences using PAUP version 4.0b10 and Mr
Bayes 3.1.2 respectively (5, 6). Clade support was assessed using the full heuristic
search option for 2000 bootstrap replications (7). Gaps were treated as missing data.
Clades with BS value  70% were considered strongly supported. The Bayesian
ahalysis used the generaltime-reversible (GTR) substitution model including estimation
of invariant sites and assumed a discrete gamma distribution (GTR + | + G} as selected
by the Modeltest version 3.7 (8). Four Markov chains were run simultaneously and
trees were sampled every 100™ generation out of a total of two million, with the first
2000 trees being discarded as "burn-in". Inferences of posterior probabilities (PP) were

calculated from 18001 trees and only clades with PP values 295% were considered to
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be strongly supported. The consensus tree was visualized using PAUP. The topology of
the MP trees for Individual locus was congruent. The topelogy of the Bayesian tree was
also congruent with the single most parsimonious tree for the concatenated BT2-1TS
data sef. Resuits from MP and Bayesian analyses indicated that the fungus was closely
related to Lophotrichus species (Figure 4). The BT2+ITS tree places UAMH 11809 in
the Lophotrichus clade and supported by high BS and PP (100/1.00), but there is
insufficient support for conspecificity with any of the ather Lophotrichus species. Thus
our case strain was identified as a putatively novel species of Lophotrichus and will be
described in a separate study. ITS and BT2 sequence data were deposited ih GenBank

under accession numbers KM580484 and KM809216, respectively.
Antifungal susceptibifity testing

Antifungal susceptibility testing on the case strain was performed by broth microdilution
according to CLSI methods for filamentous fungi (M38-A2) (9). Minimum inhibitory
concentrations {MIC) for amphoteric'in B, fluconazole, itraconazole, and voriconazale
were read as the lowest conceritration of each agent that resuited in 100% inhibition of
growth compared to the growth control after 48 hours incubation. The MIC resuilts were
as follows: amphotericin B, 2 pg/mL; fluconazole, 64 yg/ml; itraconazole, 1 pg/mL; and

voriconazole, 0,125 ug/mL.

Discussion

Lophotrichus species (belonging to the family Microascaceae, class Sordariomycetes)

have been isolated from Sdil, leaf litter, and decaying wood as decomposers. Although
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162 members of this genus are ubiquitous in soil, they are rarely isolated from goat and

S RN s
o

o e

163 rabbit dung (10).

ahuserip!

et

; 164 Here, we describe the first case of fungal keratitis associated with a putatively
165 novel species of Lophotrichus, and successful treatment with voriconazole. Flilamentous
{f 166 fungi are frequently implicated in fungal keratitis in humans, especially species of

4 ,f:: 167  Fusarium and Aspergillus (11). However, numerous organisms have been associated
168 with keratitis, especially with contact lens wear (12). In the present case report, the

‘ . 169  rapidity of progression to corneal perforation was consistent with rapid growth of

¥ 170 Lophotrichus in vitro (10). Review of the Johns Hopkins Hospital (JHH) Microbiology
171 Laboratory records revea'led only one other putative infaction caused by Lophotrichus,
172, which was isclated from bronchoalveolar lavage fiuid (JHH accession number? 49-

173 3R0949; unpublished data).

174 in the present case, the patient was initially started on fortified antibiotics due to
175  the size and severity of the ulcer. The poor response to frequent topical antibiotics but
176  good response to antifungal treatment suggests bacterial infecﬁon was unlikely the

177  principal cause of her ulcer. Corynebacterium macginleyiis typically isolated from

178  conjunctival biota, as in our patient; however, corneal ulceration associated with this

. 179  organism is notably mild in severity (13).

e 3 180 Lophotrichus was isolated in cuiture but it was not present in histology, which
181 revealed necrotic tissue. However, a positive histological finding is largely dependent on
182 the location and depth of tissue sampling. In a series of consecutive corneal biopsies

183 conducted for microbial keratitis over 20 years, only 42% identified organisms (14). In

§|rage
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184 our case, resection of tissue represents a balance between obtaining an adequate

185  sample for diagnostic purposes and maintaining adeguate tissue to retain structural

%

186 Integrity of a necrotic comea (the biopsies were notably acquired from a thicker, less

te

187  involved region of the comea in order to avoid requiring a full thickness corneal

188 fransplant in a comea with extreme thinning). As such, a low yield would be expected.

,;
EfCL
iy
‘.- U

189 In cases of fungal keratitis, entry of the organism into the cornea often is
190 facilitated by an epithelial defect. Here, frauma from the dog’s paw couid have directly
191 inoculated the comeal stroma, or a herpetic epitheliai infection may have provided an

192  entry point for the fungus {o invade the cornea.

193 Voriconazole was irfitial[y selected for its broad antifungal activity. In an in vifro
194  study of the susceptibility of 3-81 filamentous ascomycetes to antifungals, voriconazole
195 was active against the majority of those tested (14). Notably, among all isclates,

196 members of Microascaceae consistently required the highest mean inhibitory

197  concentrations {MICs) of alt drugs. Microascaceae tested were more susceptible to

198  voriconazole than to amphotericin B and itraconazole. This is consistent with our in vitro
199  susceptibility analyses, as well as clinicai reports in which infections by these organisms

200 show significant resistance to treatment (15).

201 In summary, we report a case of fungal keratitis associated with a putatively
202 novel specles of Lophotrichus. A severe ulcer progressed rapidly to perforation on
203 topical fortified antibiotics but healed with the addition of frequent topical voriconazole

204 and amniotic membrane grafting. This is to our knowledge the first report of this species
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associated with human infection; this organism should be considered in the differential

of fungal keratitls in a rural setting.
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Figure Legends
Flgure 1.

Large central corneal ulcer associated with trauma from dog paw. A: Day 10 after injury,
a 6 mm corneal ulcer progressed to perforation despite hourly fortified broad-spectrum
topical antibiotics. B: After application of amniotic membrane graft, hourly topical
fortified antibiotics and voriconazole, infitrate resolved and an inferior corneal opacity
remained. The eye reméined stable in appearance, with no new ulceration or infiltrate,

at one year.

Figure 2.

Histology from superior corneal biopsy (H&E). Partial-thickness corneal biopsy acquired
at the time of patch graft revealed diffuse stromal necrosis in desper layers, consistent

with severe infection. No organisms were cbserved in this section.

Figure 3.

Lophotrichus sp. A, B, & C are 60 mm diameter plates. A. Carnation leaf agar (CLA)
showing perithecial ascomata developing on and around carnation leaves after 6 weeks
incubation at 25°C; B. V-8 juice agar (V8) demonstrating filamentous growth and
ascomatal development at the periphery after 3 weeks at 25°C; C. Colonial morphology
on potato flakes agar (PFA) after 6 weeks at 25°C; showing only vegetation growth ; D.

Immature perithecium with a long heck produced an CLA; E. Crushed ascoma showing

12| Page

13



R vt

-
|
(¥)
0
e ) ¢
R\ -
R 5

262
263

264

265

266

267
268
269
270

271

272

273

274

275

276

277

278

279

280

BYL-2015-0432

released ascospores (arrow) and curved ascomatal hairs; F. Thick and thin ascomatal
hairs, and pale brown ellipsoidal ascospores with polar germ pores ; G. Thick

ascomatal hairs with hooked ends.

Figure 4.

Bayesian. free based on combined sequences of ITS and BT2. Maximum parsimony
bootstrap values = 70% (left value) and Bayesian posterior probabilities 2 95% (right
value) are shown. Maximum parsimony bootstrap values < 70% and Bayesian posterior
probabilities < 5% are indicated by -. Sequence of Petrieffa setifera was used as the

out group taxon. T = ex type culture.
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In Brief

Prions are the proteinacecus infectious
agents responsible {or prion diseases.
Pritzkow et al. report that prions from
brain and excreta can bind grass plants
and remain attached to living plants for a
long time and that contaminated plants
can infect animals. In addition, grass
plants can uptake and transport prions
from infected soil,

o  Uptake of Bidiis ffom eoniamiriated so

o Plant surface contamination with prions from different species

Highlights
e Grass plants bind prions from contaminated brain and
excreta

¢ Prions from different strains and species remaln bound to
living planis

o Hamsters {fed with prion-contaminated plant samples
develop prion disease

e Stems and leaves from grass plants grown in infected soil
- contain prions
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SUMMARY

Prions are the protein-based infectious agents
responsible for prion diseases. Environmental prion
contamination has been implicated in disease trans-
mission. Here, we analyzed the binding and retention
of infectious prion protein (PrPS%) to plants. Small
quantities of PrP®° contained in diluted brain homog-
enate or in excretory materials (urine and feces) can
bind to wheat grass roots and leaves. Wild-type
hamsters were efficiently infected by ingestion of
prion-contaminated plants. The prion-plant interac-
tion occurs with prions from diverse origins,
including chronic wasting disease. Furthermore,
leaves contaminated by spraying with a prion-con-
taining preparation retained PrP®® for several weeks
in the living plant. Finally, plants can uptake prions
from contaminated soil and transport them to aerial
parts of the plant (stem and leaves). These findings
demonstrate that plants can efficiently bind infec-
tious prions and act as carriers of infectivity, sug-
gesting a possible role of environmental prion
contamination In the hotizontal transmission of the
disease. '

INTRODUCTION

Prion diseases, also known as transmissible spongiform en-
cephalopathies (TSEs), are a group of fatal, infactious neurode-
generative disorders that affect humans and other mammals
(Coflinge, 2001; Prusiner, 2001), The rrost common animal
TSE is scraple, a disorder of sheep and goats that was first
recognized almost 200 years ago and has become an endemic
problem. However, the most recent and worrisome anlmal prion
outbreaks are bovine spongiform encephalopathy (BSE)
affecting cattle and chronic wasting disease (CWD) affecting
cervids (deer, ek, moose). BSE, because of its provan fransmis-
slon to humans, gensrating a fatal new diseass, termed varlant
Creutzfeldt-Jakob disease (vCJD) (Collings, 1989) and CWD,
due to Its uncontrolled spread among wiltd and captive cervids

In North America and its uncertain transmissibillty to humans
and/or domestic animals (Miller and Willams, 2004; Slgurdson
and Aguzzi, 2007; Gilch et al., 2011). The nature of the infectious
agsnt In TSEs has been the center of passionate controversy
{Soto and Castflla, 2004). The most accepted hypothesls pro-
poses that the misfolded form of the ption proteln, (PrPS9) 13
the sole component of the Infectious agent that replicates in In-
fected Individuals by fransforming the normal version of the
prion protein (PP into the misfolded isaform {Prusiner, 2001;
Soto, 2011). ‘

Prion diseases are transmissible between animal-to-animal,
animal-to-human, and human-to-human; however, we still do
not understand completely the mechanisms, factors, and bio-
loglcal processes that control the transmission of this unique
infectious agent. The transmisslon of some of the naturally ac-
quired forms of TSEs (such as vCJD, kuru, BSE) has been
linked to the consumption of meat or meat-derived praducts
from Indlviduals affected by the disease’ (Collings, 2001;
Prusiner, 2001). On the other hand, some of the most prevalent
and horizontally transmissible animal TSEs, Inciuding scraple
and CWD, have implicated ‘envirenmental contamination with
ptions as a putative mode of transmission (Mathiason et al.,
2009; Gough and Maddison, 2010; Bartelt-Hunt and Bartz,
2013). Various studles have shown that Infectious prions can
enter the environment through saliva, feces, urlne, blood, or
placenta from infected animals, as well as by decaylng car-
casses (Mathlason et al., 2008; Haley et al., 2009, 2011; Tam-
gliney et &l., 2008; Maddison et al,, 2010; Terry st al, 2011),
ft has been shown that infectious prions bind tightly to soil
and remaln infectious for years in this material, suggesting
that environmental contamination of soil may play a role in
TSE spreading (Johnson et al., 2008, 2007; Seldel st al,
2007). Since the maln natural hosts for animat TSEs (sheep, cat-
tle, and cervids) are herblvores, it is surprising that the Interac-
tion between prions and plants and the putative rola of these
organisms as cartlers of prion infectivity have not been studied
in detail. The main goal of this study was to evaluate whether
plants can bind, retaln, uptake, and transport. prions In an
experimental setting, Overall, our findings show that grass
plants efficlently interact with prions, suggesting that they
may play an important rofe in natural prion transmisslon, partic-
ularly in wild animals.

Cell Reports 11, 1-8, May 28, 2015 2015 The Authors 1
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Figure 1. Detection of PrP*® Bound to Leaves or Roots by PMCA

{A) Serial dilutions of 263K brain homogenate (BH, 107" to 10~%) done in PES were incubated with ither wheat grass roots (15 mg weight) or leaves (2 cm® during
16 hr at room temperatitte. Thereafter, unbound materlal was discarded, and leaves and roots wera thoroughly washed five Umes with waterand daposited info
tubes containing 120 ul of 10% normal kamster brain homogenate, The presence of plant-attached PrP®° was detected by sexial rounds of PMCA, as described in
Experimental Procedures. Positive PrP® signal was detected by western blot after proteinase K (PK) digestion.

(8) Serial dilutions of 283K braln homogenate (107" to 10~% were diractly loaded into tubes containing NBH PMCA substrate and wheat grass roots and leavas not

previously exposed to PrP®°, The purpose of this expariment was to study the lavel of amplification expected for the total amount of PrP® contalned in each
difution of sick byain homogenate,

(C} To Investigate the possible induction of PP formation by plant material and to nile out cross-contamination, we exposed leavas and roots to 10% normal
brain homeogenates and sublected the materlal to several rounds of PMCA as deseribed [n (A). The figure shows two raplicates of the sama experiment (Rep 1 and

2). No PMCA amglification was detected for any of the samples, F, non-amplified control. 1, 2, and 3, number of PMCA reunds performed, Each round consistad
of 96 PMCA cycles (2 days). All samples were digested with PK, except the normal brain homogenate (NBH, PrP9 used as a migration control.

RESULTS et al.,, 2012). The results show that even highly diluted PypSe

can hind to roots and leaves and sustain PriE® converslon {Fig-
ure 1A} Alhough a direct comparison cannot be mads,
because of differences on the effectlve surface, rodts appear
to retain PrP®° better than leaves. However, both roots and
leaves capture PtP®° efflciantly, aven at vary small concentra-
flons, equivalent fo those present In biological flulds, such as
blood and urine (Chen et al,, 2010). By comparing the detection
of PrPSe.bound to plants (Figure 1A) with an experiment in
which the same dilutlons of 263K brain homogenate were
added directly to the tubes contalning normal brain homoge-
nate and an equivalent plece of leaves or roots (Figure 1B,
we can estimate that a high proportion of PrP®° present In the
sample was attached fo the plant tissue. Importantly, no.detac-
tion of PrP®® was observed when leaves and roots wers

Prions Bind to Plants and Bound-PrP®® Efficlently
Sustaln Prion Replication

To study whether plants can interact with prions, we exposed
wheat grass roots and leaves to braln homogenate from ham-
sters that have succumbed to ption disease Induced by exper-
imental [noculation with the 263K prien strain. The presence of
PrP®° and infectivity attached to the plants was studied In vitro
using the proteln misfolding cyclle amplification (PMCA) tech-
nigue and I vivo by Infeciivity bioassays. For In vitro analyses,
tha plant tissues (roots and leaves) wera Incubated for 16 hr
with serlal dilutfons of 263K-brain homogeriate ranglng from
107" to 10~%, Roots and lsaves were washed thoroughly and
analyzed for the presence of PrPS® by serlal PMCA (Morales

2 Call F{e'ports 11, 1-8, May 26, 2016 ©@2015 The Authors
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Figure 2. PP5° Contamiriated Plants Induce Prion Disease by Oral Ingestion

(A) Survival curve of hamsters orally inoculated) with leavas or roots ex;
Experimental Procedures, Three units of leaves and roots wers used to
inoculated with 760 W of 5% 263K BH. Negativa conirol groups were i
exhibited the typical 263K clinical signs, including atex'a, hyperactivity,
disease. Hamsters injocted with leaves and roots treated with healthy

posed to 263K BH. Plant fissue was exposad to prions as described In Figure 1 and in
orafly inoculate healthy hamsters, The positive control
noculated with leaves and roots incubated

group consisted on hamsters orally
with normal brain homoganate. All sick animals

aggressiveness, and sensitivity to nolse, and wers sacrificed at ths terminal stage of the

brain homogenates did not show any clinjeal signs up to 550 days post-inoculation, The
differences In the suivival curves of animals Infested with 263K brain ho

significant (p = 00136 and 0.047, respactivaly) as analyzed by the lo
(B} Brains from hamsters orally infacted with rodts and leaves exp

mogenate versus those infected with prion-
g-rank (Mantel-Cox) test,

contaminated leavas of roots wera statistically

osed to prions displayed neuropathological afterations typlcal of prion disease, ncluding
characteristic synaptie and diffuse patterns of PK-resistant PrpSe

panels). These alterations wera not cbserved In anfmals fod with pl
{C) Biochemlcal analysis sonfirmed the prasence of PrESty
of different brain dgilutions from a reprasentative animal
migration control.

exposed to normal brain homogenate (Figure 1G). However,
comparing PMCA amplification in the presence (Figure 1B} or
In the absence (Figure S1A) of plant tissue, it is possible to
appreclate that plants (both leaves and roots) partially inhibits
the PMCA reaction. This explains why in most of the expeti-
ments with plants, protease-resistant PrPS° Is only ohserved
after two rounds of PMCA. In our current PMCA settings, ho
false-positive PtPS° signals were ever detectalsle when samples
did not contain PrP¢ inoculum {Figure $1B): These results Indi-

cate that leaves and roots can efficlently bind Pri®®, which re-

mains able to catalyze PP {o PrPSe conversion, leading to
prion replication. In these experiments, plant tlssues wers iney-
bated with prions for 16 hr, but a simllar experiment in which
roats and leaves were exposed to a 1075 dilution of 263K brain
homogenate for different times, we found that as little as 2 rrin
of Incubation was sufficlent for the efficlent contamination of
plants (Figure S2).

deposition (antibody 6H4, left panels), astrogliosis {middle panels),
ant tissue exposed to normal braln homogenate. Magnifieation 20 f
coumulation in the braln of all animals showing signs of prion dissase,
per group. All samples were digested with PK, except the normal bral

and spongiosls (right
n all panels,

The figura shows awesterm blot
n homogenate (PrF used as a

Animals Can Be Infected by Oral Administration

of Prion-Coritaminated Plants

To investigate whether prion-contarninated plants were able
to Infect animals by Ingestion, leaves and roots previously
incubated with either 263K-infected or cantrol hamster braln
homogenates were orally administered into nalve hamsters,
After exposure, plants were axtensively washed five times
with water and animals were fed with dried materlal, As
positive controls, we orally administered 750 wl of 5%
263K brain homogenate (same materlal usad to contaminate
plant tissue). All animals that ingested prion contaminated
leaves and roots developed typical prion disease, Although
the Incubatlon times were significantly longer in anmals In-
gesting prlons attached to leaves and roots as compared
with thoss fed directly with the brain- material, the differ-
ences were not as high as one could have expected
(Figure 2A). Indeed, incubation periods were 147 = 10,
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158 # 10, and 164 + 13 days (mean = SEM) for the groups
jnoculated with brain homogenate, and prion contaminated
roots and leaves, respectively. Prion disease was confirmed
by histologlcal study of PrP®® deposition, astrogliosls, and
brain vacuolation (Figure 2B), as well as by biochemical
detection of protease-rasistant PIP%® by western blot (Fig-
ure 2C). None of the animals ihoculated with leaves and roots
exposed to normal braln homogenate developed disease up
to 550 days post-inoculation. Histological analysis did not

show any PrP® staining or disease specific alteration In con-
trol animals.

Plants Bind Prions from Different Strains and Species
To analyze prion-plant interactlon with othet specles and strains
of the prion agent, we performed similar studies as described in
Flgure 1, by incubating leaves and roots with a preparation
contalning hamster, muring, cervid, and human prions corre-
sponding to the Hyper, 301C, CWD, and vCJD prion strains,
respectively. PrP%® from these strains and species showed
good ampliflcation by PMCA, using homologous substrates (Fig-
ure S3A4). In all cases, leaves and roots bound prions from these
specles and retained the ability to replicate in vitro {Figure S3B),
indicating that the interaction of PrPS¢ with plants 1s a general
feature of infectious prions.

Contamination of Plants with Prions Excreted In Utine
and Feces

Under natural conditions, it is likely that the maln source of
prions in the environment comes from secretory and excrétory
fluids, such as sallva, urlne, and feces. We and others have
shown that PrPS® Is released In these fluids and excretions
in various animal specles (Gonzalez-Romero et al., 2008; Haley
et al,, 2009, 2011; Maddison et al., 2010; Terry et al,, 2011;
Moda et al., 2014). It has been estimated that the amount of
infectious prions spread by excreta during the animals' [ife-
span could match or even sufpass the quantity present In
the brain of a symptomatic Individual (Tamgliney et al.,
2008), To study whether plant tissue can be contaminated
by waste products excreted from prlon-infected hamsters
and deer, leaves and roots wete incubated with samples of
urine and feces and the presence of Pre®® analyzed by serial
rounds of PMCA. For these experiments, plant tissues were
Incubated for 1 hr with urine or feces homogenates ohtained
elther from 263K-infected hamsters or CWD-affected cervids,
This time was chosen because longer incubation with these
blologlcal flulds affected the Integtity of the plant {lssue, After
being tharoughly washed and dried, PrPS® aitached to leaves
and roots was detected by PMCA. The results clearly show
that PrP®® was readily detectable after three or four rounds
of PMCA in samples of wheat grass leaves and roots exposed
to both urine and feces from 263K sick hamsters (Figure 3A)
and CWD-affected cervids (Flgure 3B). Comparing these re-
sults with studles of the direct detectlon of PrP® In urlne

. and feces {Figures 3A and 3B), it seems that the majority of

PrPS® present In these waste products was effectively
attached to leaves and roots, No signal was observed In plant

tissue exposed to urine of feces coming from non-infected
hamsters.
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Prions Bind to Living Plants

To Investigate a more natural scenarlo for prion contamination of
living plants, we sprayed the leaves of wheat grass with a prep-
aration contalning 196 263K hamster braln homogenate. Plants
were let to grow for different times after exposure, and Prp®°
was detected In the leaves by PMCA in dupllcates for each
time point. The results show that PrP®° was abte to bind toleaves
and remained attached to the living plants for at least 49 days af-
ter exposure (Figure 4} Considering that PrP®® slgnal was
detectable normally in the second or thitd round of PMCA
without obvious trend in relation to time, we conclude that ths
relative amount of PrP** present In leaves did not appear to
change substantially over time. These data indicate that PrpSe
can be retained In living plants for at least several weeks after
a simple contact with prion contaminated materlals, and PrP®°
rermains competent to drive prion replication.

Plants Uptake Prions from Contaminated Soil

The experiments described above were dons by exposure of the
surface of leaves and roots with different solutions contalning
prions. To evaluate whether living plants can uptake PrP®®
from contaminated sofl, we grew barley grass plants on solil
that was contaminated by addition of 263K brain homogenate,
Plants were grown for 1 or 3 weeks under conditions that care-
fully prevented any direct contact of the aerlal part of the plant
with the soil. After this time, pleces of stem and leaves were
collected and analyzed for the presence of PrP®® by PMCA. As
shown In Flgure 5A, ali pfants grown for 3 weeks in contaminated

.50l contained PrP®e in their stem, albeit in small quantities that

requited four serial rounds of PMCA for detection. One of the
four plants analyzed contained a detectabls amount of PrPS°in
the leaves (Figure 5B), Indlcating ‘that prions were uptaken
from the sofl and transported Into the aerial parts of the plants,
far from the soll. These resuits differ from a recent article report-
ing that Infectious prions wers not detectable in above the
ground tissues of wheat plants exposed to CWD prions (Ras-
mussen et al.,, 2014). The lack of detectlon In this article is
maost likely due to the low sensitive technigues (western blots
or ELISA) employed to analyze tha presence of PrP%, Indeed,
as we reported previously, PMCA has a power of detection,
which is several milllons times higher than western blots or ELISA
(Sad et al., 2008). In order to estimate the amount of PrPS® pre-
sentIn stem and leaves coming from cantaminated soll, we per-
formed a quantitative PMCA study, as previcusly described
{Chen et al,, 2010). Unfortunately, by compating the PMCA
amplification In the absence or the presence of plant tissue, it
is possible to conclude that stems and leaves substantially inter-
fared with the PMCA procedurs, and thus the calculation cannot
be very precise (Flgura S4). Indeed, after two rounds of PMCA
we cannot detect any.protease-resistant PrPSS, but on the third
round we observed the maximum amplification (1079, presum-
ably because at this round the concentration of PMCA Inhibitors
has been reduced encugh to permit goad amplification, At this
point, we can estimate that the amount of PrP® that reaches
the stem and leaves from contaminated soll s equivalent to the
PiPS° concentration present in a 107° to 10~° dilution of sick
brain homagenate. Nevertheless, this result is Interesting,
because it Indicates that the amount of prians uptaken from
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Figure 3. PrP®® Contained Tn Urine and Faces of Prion-Infected Anlmals Binds to Leaves and Roots

(A} Wheat grass roots (R) and leaves (L) were incubated for 1 br with 4 ml of urine or 1 mi of 20% faces homo
with 263K prions. Cantrols ineluded similar experimants using urine and feces from healthy animals. After e

five times with water and dried, and the presence of plant-attached PrpSe

substrate, to rule out cross-contamination or da novo formation of PAPSe,

(B) Asimilar experiment as deseribed in (A) was done using urine and feces from whita-talted deer clinically affected by CWD. In thia case,
were incubated In 1:2.5 diluted urine or with 5% feces homogenates. The middle blot shows the positive control expariment inwhich PrPSe
inurine and feces from CWO-affected deer. No FrP¥° signal was detested forvarious negative controls In wivich the PMCA reaction was ¢
of infectious samples (right panel), Both {A) and (B) show the results obtained in the first, second, third, and fourth round of PMCA. Ea
PMCA cycles {2 days). All samples were digésted with PK, except the normal brain homogenate [PrP% used as a migration control.

soil and transported to aerial parts of the plant is within the infec-
tlous range. Indeed, titration studies showed that the last Infec-
tious dilutfon of a 263K braln homaogenate Is ~10~2 {Gregori
et al., 2006). ‘

DISCUSSION

This study shows that plants can efficlently bind prlons contalned
in brain extracts from diverse prion Infected animals, Including
CWD-affected cervids. PrP®® attached to leaves and roots from
wheat grass plants remains capable of seeding prion replication
in vitro, Surprisingly, the small quantity of Prp®° naturally
excreted in urine and feces from slek hamster or cervids was
enoughto efficlently contaminate plant tlssue. Indsed, our results
suggest that the maority of excreted PrPS° s sfflclently captured
by plants’ leaves and roots. Moreover, leaves can be contami-
nated by spraying them with a prion-contalning extract, and
PrP®° remains detectable inliving plants for as long as the study
was performed (several weeks), Remarkably, prion contaminated
plants transmit prion disease to animals upon Ingestion, produc-
ing a 100% attack rate and incubation periods not stibstantlally
longer than direct oral administration of sick brain homogenatas.
Finally, an unexpected but exciting result was that plants were
able to uptake prions from contaminated soll and transport

genate from sick hamsters experimentally infected
xposure, reots and eaves ware thoroughly washed

was detected by seral rounds of PMCA. The figure shows the results of two teplicated
experiments ( and 2). Inthe right blot of this panal, we show the resuitsof the postive control experiment alming 1o directly detect Prp®e|
from 283-infected antmals, We also include several negative controls for the PMCA reaction,

inurine (U} and faces F)
containing only the normal brain homogenate (NBH) used as

leaves (L) and roots R}
was defected divectly
arded outinthe absence
ch round conslstad of 96

them to aerial parts of the plant tissue. Although it may seem far-
fetched that plants can uptake proteins from the soil and trans-
port it to the parts above the ground, there are already published
reports of this phenomenon (McLaren et al., 1960; Jensen and
Mclaren, 1960; Paungfoo-Lonhlenne etat., 2008). The highresis-

- tahce of prions to degradation and their abllity to afflclently cross

biological barriers may play a role Inthis process. The mechanisim
by which plants bind, retain, uptake, and transport prions is un-
known. We are currently studying the way In which prions interact
with plants using purified, radicactively labeled PtESC to deter-
mine speclficlty of the Intsraction, association constant, revers-
Ibitity, saturation, movement, etc.

Epidemiologleal studies have shown numerous Instarices of
scrapie or GWD recurrence upon relntroduction of animals on
pastures previously exposed to prion-infacted animals. Indeed,
reappearance of scrapie has been documented following fallow
periods of up to 16 years (Georgsson et al., 20086), and pastures
were shown fo retaln infectious CWD prions for at least 2 years af-
ter exposure {Miller et al., 2004). Itls likely that the environmentally
mediated transmisslon of prion diseases depends upen the Inter-
action of priens with diverse elements, including soll, water, envi-
ronmental surfaces, various Invertebrate animals, and plants,
However, since plants are such an important componsnt of the
environment and also a major source of food for many animal
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Figure 4, PrPS° Binds to Living Plants
The leaves of living wheat grass plants were
sprayed three times with 1072 diluted 263K brain
homogenate. Plants wers left to grow for a period
of 0,3, 7,14, 21, 28, 35, and 49 days. Thereafter,
5] leaves were collected washed five timss with
i water, dried, and used to detect PrP®® signal by
’ serlfal rounds of PMCA. The experiment was done
in two [ndependent replicates (Rep 1 and 2} for
sach time polnt. F, non-amplifled control, 1, 2, and

3, number of PMCA rounds performed. Each
round censisted of 98 PMCA cycles (2 days), All
samples were digested with PK, except the
normal brain homogenate (PrP% used as a
migration control,
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species, Including humans, our results may have far-reaching im-
plications for animal and human health, Currently, the perception
oftherisk for animai-to-human prion transmission has been mostly
limited to consumption or exposure to contaminated meat; our re-
sults indicate that plants might also be an important vector of
transmission that needs to be considered In risk assessment.

EXPERIMENTAL PROCEDURES

Biological Samples

This study used brain samples from animals and humans infected with various
pricn sfrains. Rodents (Syrlan golden hamsters and 1298 mice) were experl-
mentally infected by intra-peritoneal roule with various prion straing (2631
and Hyper for hamster and 301C for mouse}, The onset of the disease was
monitored by the appearance of the slinleal signs, uslng our praviousty
described procedures (Castilla et al., 2008), Animals wera sacrificed when
thay reached a severe stage of the diseass, and the brain was collécted and
stored at —80°C. For deer material, a plece of brain from a white-talled deer
experimentally infected by CWD was used. For human prions, a plece of brain
from a patient affected by varlant Creutzfeldt-Jakob disease (vCJD) was used.
For all these samples, 10% (w/j brain’homodenates (BHs) were prepared in
PES plus complete protease inhibitor cockfail (Rochs), When used In proteln
misfelding cyclic amplification (FMGA), the BH was clarified by a short, low-
speed centrifugation at 800 ¥ g for 1 min. The BH was stored at —80°C unti!
usa, .

For our studies, we also used urine and feces from hamsters Infacted by
263K prions and deer affected by CWD., Urine and faces from terminalfy sick
hamsters was collected using metabolic cages, as deseribed (Gonzalez-Ro-
mero et al., 2008). For ceivids, urlne and feces were collected as previously
described from a CWD-affected white-ailed deer (Haley st al., 2009).

All animal experimentation was performed folfowing NIH guidelires and
approved by the Animal Welfars Committees of the University of Texas Med-
ical School at Houston and the Colorado State Univarsity.

Exposure of Flant Tissue to Infectious Prions
Leaves and roots, grown from organlc wheatgrass seads (Thtfoum aestivum),
were used for Inoculation experiments, A 2-cm? pieca {4 cm? total surface
considering back and front) of wheat grass leave and a 15-mg plece of a
pre-washed root were placed In a 2-ml reaction tube and Incubated with
300 y of prion-infected BH at the indicated diiutlon in PBS by gently rotating
for 16 fir at reom iemperaturs, Afterward, the plant tissue was washed carefully
flve times with 1 mi{ap watsr to remova unbound prion proteln. A short spin
(3 s} was Included to remove remaining liquide. The presence of PrpSe
attached to the plant tissue was measured by serlal PMCA,

For contamination of plant tissite with prions present n urine and feces,
wheat grass leaves and roots weya incubated with 1 mt of whole wine
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{or 1:2.5 dituted urine for CWD samples) or 1 mi of 20% feces homogenate
(5% for CWD samples) for 1 fw gently rotating and progessed as described
for the BH incubation,

For the experiments aimed to determine the survival of prions attached to
living plants, we sprayed the leaves of wheat grass plants three times with a
1072 dilution of 263K BH. Pleces of leaves (3.2 cm?) from living plants were
taken after 0, 8, 7, 14, 21, 28, 32, and 49 days post-freatment, washed fiva
times with 1 mi tap water, and analyzed by PMCA,

Growing of Plants In Prion-Contaminated Soll

Barley grass (Hordeum vulgars) plants were grown from sseds placed in 350 g
of soif until they reached a height of around 12 em, Subseduently, the surface
of the soll was contaminated with 20 m| of 5% 263K or normal brain homoge-
nate taking especial precaution not to contaminate the plant directly, Plants
were grown in this soil for 1 or 3 weaks, and samples of stem and leaves
were collected. Figure 85 shows a schema of the ragion of stem and leaves
used for the experiments. The plani tissue was allowed to dry, and 4 cm of
the stem or leaves were grnded and analyzed for PrE*° by PMCA. To prevent
cross-contamination, each sample was minced with separate disposable
blades in disposable Petri dishes.

Serlal Replication of Prlons InVitro by PMCA

10% normal brain homoegenates (MBHs) from healthy animals, perfused with
PBS plus 5 mM EDTA, were prepared as described before and used as a sub-
stratefor PMCA (Morales etal., 2012), NBH prepared from Golden Syrian ham-
ster and 1298 mice were used as substrates for prlons replication of hamstar
and mouse PrPS®, respectively, Transgenic mice ovarexpressing human PrP
with MM at pesition 129 or transgenic mice overexpressing cervid Pri were
used to amplify vCJD and CWO, respectively.

For the positive control reaction, 10% BH from prion-infected animals was
serially diluted Into NBH and loaded onto 0.2-ml PCR tubes. To datermine
the présence of PrE®®in urine and fecas, 1 ml of whole urine or 1 mi20% fecas
homogenate from 263K-infacted hamsters was uitracentrifuged for 1 hr at
45,000 rpm, and, after washing In 1 mi PBS and centrifuging agaln, the pellet
was directly added to the PMCA tube containing NBH substrate,

‘In order to amplify PrPS® bound to plant tissus, the centaminated tissus
was placed In a reaction tubs with 120 W NBH. NBH alone was used as a
negative control. Each PMCA tube, suppismanted with thres Teflon beads
(Hoover Precision Products) was placed In a micresonicator (Qsonica Model
Q700) and submitted 1o PMCA cycles consisting of incubation at 37°C and
brisf sonleation. Hamster and mousa prions were ampiifled usiy cycles of
29 min 40-s Incubation followed by 20-s sonlcation at ~260 W, For human
and cervid prions, the substrate was supplemented with 0.05% Digitonin
and 5 mM EOTA, and the sonlcation time was increased to 40 s at 260~
280 W. After a round of 86 cycles, 10 pl of the amplified sample was trans-

ferred Inte 90 1 NBH, and ancther PMCA round was performed until detec-
tion Timit was reached,
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Figure 5. Uptake of Prions by Plants Grown i PrPEC-Contaminated Solf
The soil of barlay grass plants, grown from seeds, was carefully contaminated on day

5 with 20 ml of 5% 263K brain homogenate and as contro! with the same
amount of notmal brain homogenate (NBH). One or 3 weeks atter infection,

plant samples were taken, drled, and mincad. The grinded tisstte comesponding to

elther the stem (A) or leaves (B) was analyzad for the presence of PrpS® by P
from plants grown for 1 or 3 waeks in 263 BH (or NBH as control) ara sho
consisted of 96 PMCA cycles (2 days), All samples,
Experimental Procedures.

PK Digestion Assay and Wastem Blotting

To datect PrP®°, the samples wera Incubated in the presence of PK (50 pg/mi}
for 1 br at 37°C with shaking {450 rpr) in a thermomixer. When digesting sam-
ples resulting from human and cervid PMCA, 0.2% SDS was added to the PK
reaction (100 g/ml PK). The PK digestion was stoppad by adding SDS sample
buffer, 33 mM DTT, and boiling the sarnples for 10 min,

The protelnase resistant PrP was fractionated by SDS-PAGE, electroblottad
into Hybond-ECL nitrocellulose membrane (Amersham GE Healthcara), and
probed with 6D11 (1:5,000) for hamster, mouse, and cervid PrP®® or 3F4
(1:10,000) for human samples. The Immunoreactive bands were visualizad
by enhaneed chemiluminescence assay ECL Prima Western Elotting Detec-
tion system (GE Healtheare) using a Blo-Rad imags analysis system,

Biocassay

Groups of five golden Syrlan hamsters (ferales 6-10 weeks old) purchased
from Harlan laboratorles were orally Inoculated with 3 U (3 % 2 cm? leaves or
3 x i5 mg roots) of leaves or roots previously exposed o 263K BH as Indicated
above. Hamsters onaily njectad with 4frea similar units of leaves or roots
treated with 10% NEH were used 2s control, The onset of clinical diseasa
was measured by scoring the animals twice a week using our praviously
described scale (Castilla et al., 2008). Stage 1: normal anima: stage 2: mild
behavicral abnormalities, including hyperactivity and hypersensitivity to nolse;
stage 3: moderate behavioral problems, including tremor of the head, ataxia,

MCA. Western blets of four different samples {1, 2, 3, or 4) of stems or leaves taken
wa. The results of fotr consecutive seria! rounds of PMCA, are deplcted, Each réund
except the normal brain hemogenate used as a migration control (PrP®), were digested with PK, as Indicated in

wobbling gait, head bobbing, iitability, and aggressiveness; stage 4: severe
behavioral abnormalities, including all of the above plus jerks of the head
and body and spontaneous backrolls. Anlmals scoring level 4 during2 consec-
utive weeks were consldared sick and wers sacrificed, Brains ware axtracted
and dlsease was conflimed by blochemical and histological analysle, Tha right
cerebral hemisphere was frozen and stored at —70°C for biochemical studies
of PrPs?, and the left hemisphere was used for histology analysls,

Neuropathology

Bralns wera harvssted and lsft hemisphere fixed In Camoy {ixativa (Gtaccone
st al,, 2000), dshydrated, and embedded in paraplast. 10-pum sexial seciions
were stained with HE or immunostalned with menoclonal anthodles to PrP
(6H4, 1:1,000; Prionics) and to reactive astrocytes (GFAP, 1:2,000: Abcam}.
Before PrP immunestaining, the sections were treated with proteinase K
(10 pe/ml, 5 min, room temperature) and guanidine lsothlotyanata 3 M,
20 min, roomn temperature), To prevant unspecific bindings, Anlmal Research
Kit (ARK, Dako) was used. Immunoreactions were visualized Uslng 3-3'-diarml-
nobenzidine (DAB, Dake) as chromogen.

SUPPLEMENTAL INFORMATION

Supplemental Information eludas five figurss and can be found with this
article enline at hitpy/dx.dol.org/10.1016/.celrep.2015.04,036,
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of total PrP%which was the lowest of all sam-
ples analyzed, whereas sheep of the ARR/ARR
genotype exhibited 5 times more C1, on aver-
age 53% of total PrPC. Increased total PrPC
expression is associated with the relative level
of truncated forms It is likely that these differ-
ences in PrP© processing coniribute to the sus-
ceptibility and pathogenesis of prion diseases.
and they may reflect on diverse biological roles
in different species.

ptake of prions into plants

Christopher Johnson!, Christina Carlsonl,
Maithew Keatmg1 2, Nicole Gibbs?,
Haeyoon Chang?, Jamie Wlepz and
Joel Pedersen®

1USGS National Wildlife Health Center; Madison,
WI USA; 2University of Wisconsin - Madison;
Madison, WI USA

Soil may preserve chronic wasting disease’
(CWD) and scrapie infectivity in the environ-
ment, making consumption or inhalation of soil
particles 2 plausible mechanism whereby naive
animals can be exposed to prions. Plants are
known to absorb a variety of substances from
soil, including whole proteins, yet the potential
for R_Iants to take up abnormal prion protem
(PrP™®) and preserve prion infectivity is not
known. In this study, we assessed PrpPTSE
uptake into roots using laser scanning confocal
microscopy with flucrescently tagged Prp™SE
and we used serial protein misfolding cyclic

Erhﬁcatmn (sPMCA) and detect and quantify
PrP™E levels in plant aerial tissues, Fluores-
cence was identified in the root hairs of the
model plant Arabidopsis thaliana, as well as
the crop plants alfalfa (Medicago sativa), bar-
ley (Hordewm vulgare) and tomato (Solanum
Iycopersicum) upon exposure to tagged PrP™>
but not a tagged control preparation. Usmg
sPMCA, we found evidence of PrP™
aerial tissues of A. thaliana, alfalfa and maize
(Zen mays)y grown in hydroponic cultures in
which only roots were exposed to PrP™E, Lev-
els of PrP™E in plant aerial tissues ranged
from approximately 4 x 107 to 1 x 1077 %
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PrPTSEcg plant dry weight or 2 x 10° to
7 x 10° intracerebral IDs unitseg™ plant dry
weight. Both stems and leaves of A. thaliana
grown in culture media containing prions are
infectious when Iintracerebrally-injected into
mice. Our results suggest that prions can be
taken up by plants and that contaminated plants
may represent a previously unrecognized risk
of human, domestic species and wildlife expo-
sure to prions.

P.158: Evaluation of prion vaccine
administered with vacecine enhancing
agent

Valerie Johnson, Steve Dow, and
Mark Zabel

Colorado State University; Fort Collins; CO USA

Transmissible spongiform encephalopathy
{TSE) is a neurodegenerative disorder charac-
terized by pathologic accumulation of a mis-
folded form of a normal cellular protein in
neurons. Emergence of TSEs in wildlife popu-
lations and the ability of some TSEs to cross
species barriers have prompted concern regard-
ing the lack of treatment options or prevention
strategies. Efforts at vaccine development have
been hampered by the difficulty of overcoming
seif-tolerance. Studies in our lab have demon-
strated that vaccine induced immunity is often
diminished due to the recruitment of anti-
inflammatory myeloid cells, We hypothesized
that utilizing an effective antigen while inhibit-
ing monocyte migration could elicit a more
effective anti-prion response.

The vaccine was formulated using a peptide
fragment of the human prion protein (PrP106-
126). This peptide spontaneously forms fibrillar
aggregates and is thought to mediate the con-
version from the normal cellular prion protein
(PrPC) to the pathogenic form (PrPSC). To
enhance vaccine efficacy, a monocyte migra-
tion inhibitor was administered (RS102895).
To further target the pathogenic PIPSC, the
peptide was reconstituted in an acidic solution
and incubated at 37°C to increase fibrillization.
Antibody responses were assessed using
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target these cells. The normal function of the
prion protein (PrP) has remained elusive. PrP
undergoes at least 2 internal cleavage events to
produce N1/C1 and N2/C2 fragments, We have
proposed that these distinct fragments possess
differing properties and physiological function.
Our previous studies have shown that the N-ter-
minal cleavage fragment designated N2
reduces the production of intracellular reactive
oxygen species (ROS) in response to mild
stress. Other research groups have shown pro-
tective effects of N1. NSC growth is modulated
by intracellular ROS levels and NSCs harvested
from mice expressing different levels of PrP
show a positive correlation between PP
expression and growth. We hypothesized that
the N2 fragment and also the longer N1 frag-
ment might be able to modulate NSC growth
through their effects on modulating intracellu-
lar ROS. We find that both the N1 and N2 frag-
ments halt cellular growth, migration and
maturation. NSCs show reduced infracellular
ROS . detection following N1 or N2 exposure
and appear to have entered into a quiescent
state. Inhibition of NADPH oxjdase produces a
similar phenotype in these cells. Our investiga-
tions now focus on the role of N1 and N2 mod-
ulation of NADPH oxidase signaling pathways
in maintaining stem cell guiescence.

P.163: A practical approach to avoiding
jatrogenic CJD from
invasive instruments

Paul Brown' and Michael Farrell®

TNIH (retired); Bethesda, MD USA; *Beaumont
Hospital; Dublin, Ireland

. Potential Creutzfeldt-Jakob disease instru-
ment-contamination events continue to occur

that involve widespread hospital and patient

concern, This paper proposes a combination of
diagnostic tests and instrument handling proce-
dures that, if routinely applied to patients'
admitted with symptoms of either dementia or
cerebellar disease, should eliminate the risk of
iatrogenic instrument infection.
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P.164;/Blood transmission of prion
infectivity in the squirrel monkey: The
Baxter study

Paul Brown', Diane Ritchie?,
James Ironside?, Christian Abee®,
Thomas Kreil*, and Susan Gibson®

INIH (retired); Bethesda, MD USA; *University of
Edinburgh; Edinburgh, UK; > University of Texas;
Bastrop, TX USA; *Baxter Bioscience; Vienna,
Austria; *University of South Alabama; Mobile,
ALUSA

Five vCID disease transmissions and an esti-
mated 1 in 2000 ‘silent’ infections in UK resi-
dents emphasize the continued need for
information about disease risk in humans. A
large study of blood component infectivity in a
non-human primate model has now been com-
pleted and analyzed. Among 1 GSS, 4 sCID,
and 3 vCID cases, only GSS leukocytes trans-
mitted disease within a 5-0 year surveillance
period. A transmission study in recipients of
multiple whole blood transfusions during the
incubation and clinical stages of sCJD and
vCID in ic-infected donor animals was uni-
fornmly negative. These results, together with
other laboratory studies in rodents and non-
human primates and epidemiological observa-
tions in humans, suggest that blood donations
from cases of GSS (and perhaps other familial
forms of TSE) carry more risk than from vCID
cases, and that little or no risk is associated
with sCID. The issue of decades-long incuba-
tion periods in ‘silent’ vCID carriers remains
open.
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