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The reported IgG seroprevalence against hepatitis E
virus (HEV) in German blood donations is 6.8%, and
HEV RNA detected in 0.08%, but documented evidence
for HEV transmission is lacking. We identified two
donations from a single donor containing 120 1U HEV
RNA/mL plasma and 490 W/mL. An infectious dose of
7,056 tU HEV RNA was transmitted via apherasis plate-
lets to an immunosuppressed patient who developed
chronic HEV. Further, transmission was probable in an
immunocompetent chitd.

Hepatitis E virus (HEV) infection was diagnosed in
December 2013 in Germany. Retrospective analysis
identified the event as the first transfusion-associated
hepatitis E virus (HEV) infection in the country. Here,
we report baseline virological data on the case.

Case description _

The patient (recipient 1), an immunocompromised man
in his 40s, was positive for anti-HEV IgM and 1gG using
a recomline HEV assay (Mikrogen, Munich, Germany),
and HEV RNA was detected by real-time RT-PCR {Altona
Diagnostics, Hamburg, Germany). Retrospective analy-
sis showed that he had been chronically infected with
HEV since 24 July 2013, when HEV RNA was detected
for the first time. When reviewing the medical charts
it was noticed that the patient had received apheresis
platelets from a single donor on 4 July 2013.

A lookback procedure was initiated and two viraemic
donations of this donor were identified. The donor was
a man in his 40s and asymptomatic around the time
of the blood donations. He donated blood regularly
every 14 days. The first viraemic donation (donation 1,
day o) was from 1 July 2013 and contained 120 |U HEV
RNA/mL plasma, and the second donation (donation
2, day 14) was from 15 july 2013 and contained 495 IU
HEV RNA/mL plasma (Figure 1). This corresponds to an
infectious dose of 7,056-8,892 IU HEV RNA in a total
volume of 196-247 ml apheresis platelets transfused
for donation 1 (assuming a residual plasma volume of
0.33 mL per 1 mL apheresis platelets). For donation 2,
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an infectious dose of 30,888-37,273 IU HEV RNA was
calculated. Real-time RT-PCR results were confirmed

using a nested RT-PCR protocol {1]. All other donations

(n=4) of this donor before and after donations 1 and
2 tested negative by real-time RT-PCR and by nested
RT-PCR (Figure 1).

The HEV nucleotide sequence of a 242 bp fragment of
the ORF1 region was amplified and sequenced from
donations 1 and 2 and from recipient 1 [1], Phylogenetic
analysis showed that the samples clustered together
and were closely related to HEV genotype 3f, which is
prevalent in Germany (Figure 2). The nearly complete
nucleotide sequence (6,688 nt, GenBank accession
number K|873911) of the HEV isolate from recipient
1 was determined and compared to sequences from

FIGURE 1

Hepatitis E virus RNA concentration and serology results
in an asymptomatic blood donor, Germany, 2013
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HEV: hepatitis E virus; il: international units,

Viral RNA concentration s glven on the y-axis in IU/mL as
indicated by diamonds. The thin broken line indicates the
limit of detection of real-time RT-PCR (Altona Diagnostics).
Symbol - denotes a negative result as measured by recomLine
or recomWell assay, symbol + denotes a positive result, bd
indicates borderline result.



FIGURE 2

Rooted maximum likelihood
isolates

phylogenetic consensus tree for ORF1 nucleotide sequences of selected hepatitis E virus

o | KJ547592 DE hu 2013
KJ547593 DE hu 2013
KC924937 CZ hu 2011
EU879116 DE hu 2007
KC924936 CZ hu 2012
— — AF336000 NL sw 2001
50 AF336008 NL sw 2001
AF336006 NL sw 2001 gt 3f
| [— AF110388 GR hu 1999
. AF336011 NL sw 2001

. AF195064 ES hu 2000

s — EF372555 NL sw 2005

GU953683 NC sw 2009
AF110389 GRhu1999 | gt 3e

———— AF455784 KG sw 2004 | ot 39

—— AF279122 AT hu 2000 | ot 3i

75 54] g7 —— AF336001 NL sw 2001 | ot 3¢

AF110387 IT hu 1998 | gt 3h

—— AY115488 CA sw 2002 | ot 3j

—— AB189071 JP de 2004 | gt3b

" - AF336002 NLsw2001 | gt 3a
g —— AB161718 JP hu 2002 "

AB108537 GN hu 2000

— ———— M74506 MX hu 1992 | gt 2

100 — AY204877 TD hu 1983
— M73218 MM hu 1991

7# AY535004 US ch 2001 | avian HEV

67

| gt4

gt1

AT: Austria; CA: Canada; ch: chicken isolate; CN: China; CZ: Czech Republic; DE: Germany; ES: Spain; GR: Greece; gt: genotype; hu: human; IT:
ftaly; JP: Japan; KG: Kyrgyzstan; MM: Myanmar; MX: Mexico; NC: New Caledonia; NL: Netherlands; sw: swine; TD: Chad; US: United States.
The sequences of the presented cases (K|547592 and KI547593, bold) cluster in subgenotype 3f, The selected sequences represent the nearest

homologues in GenBank and tyEica! members of genotype 2, 2 and i

4 [15]. An avian hepatitis E virus sequence was used as an outgroup.
Numbers at the nedes indicate bootstrap values of greater than 50%, Sequences arg denoted by GenBank identification number, country,
International Organization for Standardization country code, solrce, and year of isolation (or publication).
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TABLE

Characteristics and outcome of recipients of hepatitis E virus-positive donations, Germany, 2013 (n=5)

Transfusion iecipients HEVY status
. HEY status
Turndf::i:‘::f R»r,iplenr._sg-; ) Immun(‘i)‘- Dulcome dr_»_rerminr_.-d, HEv pcp ANt HEV 186
dase HEY RNA and age compremised fime aftes status

' transfusion
,E\lgl;e]-r;—s):s ptatelets 7,056 U #1, male 47 years Yes Cl?;?gc'gi:ﬁv 6 months Positive Positive
Apheresis platelets 8,892 U #2, male 6 years No P“.’babl? HEV 8 months Negative Positive
(247 mL) infection
?;;3&;1&35 platelets 8,748 1U #3, female 70 years Yes Died, sepsis NA NA NA
'Blood products from dgnation 2. Tl .
?zpohse:sf)rs platelets 30,888 IU #4, male 71 years Yes I.ITF‘:;?:“ 5 months Negative Negative
?Z%llen:elﬁ's platelets 37,2731 | #s, male 71 years No arrﬁﬁﬁ%ia NA NA NA
Apheresis platelets . Died,
(249 mL) 36,076 1U #5, male 71 years No arthythmia NA NA NA

HEV: hepatitis € virus; NA= Not applicable.

donation 2 {4,251 nt, KJ873912). The nuclectide
sequences were 100% identical proving transfusion-
associated transmission.

fn donation 1 and z, anti-HEV IgG and IgM were not
detected using two different serological HEV assays
(recomLine HEV and recomWell HEV, Mikrogen, Munich,
Germany). Seroconversion of the donor was ohserved
14 days after donation 2 (Figure 1). Levels of alanine
aminotransferase, aspartate aminotransferase, biliru-
bin and gamma-glutamyl transferase were within nor-
mal range from days —28 to 42 relative to the first HEV
RNA-positive donation. Detailed anamnestic explora-
tion of possible risk factors for HEV infection {e.g. occu-
pational exposure to pigs) remained inconclusive and
the travel history was negative.

Another four recipients were identified, who had
received apheresis platelets from donations 1 or 2
(Table). An immunocompetent child with a history of
congenital heart disease tested positive for anti-HEV
- 1gG and borderline for anti-HEV IgM (recomLine HEV
and recomWell HEV) in a single sample eight months
after receiving apheresis platelets from donation
1. Real-time RT-PCR from this sample was negative
(Table). Clinical symptoms suggestive of acute HEV
infection were not reported. The available samples
from the remaining recipients were all negative for HEV

markers (Table}. Twe patients died for reasons other
than HEV infection.

Discussion
HEV recently emerged as a transfusion-transmissi-

of autochthonous HEV infections are caused by HEV
genotype 3 (gt-3) and are linked to the consumption

- of contaminated food. In general, HEV gt-3 infection

ble pathogen, with reports from France, the United.

Kingdom, and Japan [2-4]. In Europe, the vast majority

www, eurosurveiltance.org

remains asymptomatic or presents as mild self-limited
acute hepatitis [5]. HEV I1gG seroprevalence in Europe
ranges from 17% in Germany to 26% in France among
the general population, indicating widespread contact
with HEV [6,7]. A HEV 1gG seroprevalence of 6.8% was
determined among German blood donors in 2011, and
HEV RNA was detected in 0.08% of donations {8,9].
juhl et al. reported an HEV IgG incidence in donors of
0.35% per year [g}. A total of 7.4 million blood products
were administered in Germany in 2013, and between
1,600 and 5,900 HEV RNA-positive blood donations
could be occurring in Germany per year [8,10)]. In the
Netherlands, one HEV-positive donation per day was
reported, which implies that transmission by transfu-
sion could be a likely event in both countries [11).

An estimated 30~40% of blood products in Germany
were transfused to immunocompromised patients and
these patients are at risk of developing chronic HEV
gt-3 infection with increased mortality {5]. Sequence
analysis of HEV strains from the Czech Republic,
Germany and the Netherlands showed close homol-
ogy indicafing a geographically confined circutation
[8]. This is supported by the high degree of sequence
identity of our and recent Czech and Dutch sequences,
Zoonotic transmission from pigs to humans seems to
be the major mode of infection, but bccupational expo-
sure to pigs was not reported in our case [6).

Two important observations were made in this study.
Firstly, we could show that the infectious dose required
for HEV infection seems to be low, i.e. HEV RNA .



concentrations close to the limit of detection of the
real-time RT-PCR. Low levels of HEV RNA in asympto-
matic donors have already been reported but without
evidence for transmission [8,9]. Interestingly, Juhl et
al. speculated that viraemia of around 125 1U/mL in the
presence of anti-HEV lgM was not sufficient for trans-
fusion-associated infection [9]. However, it is not clear
if HEV antibodies can prevent infection. A recent study
showed that infectious HEV could be propagated in cell
culture in the presence of HEV-specific antibodies, sug-
gesting that they do not efficiently reduce virus infec-
tivity [22]. In addition, a clinical study demonstrated
that anti-HEV IgG did not uniformly protect against re-
infection [13].

Secondly, the duration of viraemia in our asymptomatic
donor did not exceed 45 days, based on the time inter-
val between the last and the first HEV RNA-negative
donation. The interval of 14 days between first and last
" HEV RNA-positive donation was even sharter than the
27 to 58 days reported by Slot et al., but could be due to
the shorter sampling interval in our study [11]. From our
and previously published data it is obvious that highly
sensitive methods would be required if screening for
HEY RNA were to be considered for blood products.

The second HEV transfusion-associated transmission
possibly occurred in a child. However, we were not
able to definitely prove transmission since only one
sample was available. In light of the very low HEV sero-
prevalence among children in Germany it seems prob-
able that this child was infected by donation 1 {14]. It
remains unclear why transfusion of donation 2 with a
fourfold higher HEV RNA concentration did not result
in infection, but this could be related to host factors.

To conclude, we could demonstrate that transmis-
sion of HEV by asymptomatic donors with low-level
viraemia is possible. Current German guidelines in

transfusion medicine do not recommend testing for

HEV. Importantly, with regard to the possible severe
consequences of transfusion-associated transmission
of HEV, especially in Immunocompromised patients,
the necessity of screening for HEV RNA needs to be

discussed in countries with a high HEV prevalence. -

However, more data regarding the HEV disease burden
due to blood transfusions are needed before recom-
mendations can be made.
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Hepatitis E virus in blood components: a prevalence and
transmission study in southeast England

Patricia E Hewitt, Sarnreen jaz, Su R Brailsford, Rache! Brett, Steven Dicks, Becky Haywood, lain TR Kennedy, Alan Kitchen, Poorvi Patel, Jofin Poh,
Katherine Russell, Kate | Tettmar, Joanne Tassell, Ines Ushiro-Lumb, Richard § Tedder

Summary

Background The prevalence of hepatitis E virus (HEV) genotype 3 infections in the English population (including
blood donors) is unknown, but is probably widespread, and the virus has been detected in pooled plasma products.
HEV-infected donors have been retrospectively identified through investigation of reported cases of possible
transfusion-transmitted hepatitis E. The frequency of HEV transmission by wransfusion and its outcome remains
unknown. We report the prevalence of HEV RNA in blood donations, the transmission of the virus through a range
of blood components, and describe the resulting morbidity in the recipients.

Methods From Oct 8, 2012, to Sept 30, 2013, 225000 blood donations that were collected in southeast England were
screened retrospectively for HEV RNA. Donations containing HEV were characterised by use of serology and genomic

phylogeny. Recipients, who received any blood components from these donations, were identified and the outcome of
exposure was ascertained.

Findings 79 donors were viraemic with genotype 3 HEV, giving an RNA prevalence of one in 2848. Most viraemic
donors were seronegative at the time of donation. The 79 donations had been used to prepare 129 blood components,
62 of which had been trangfused before identification of the infected donation. Follow-up of 43 recipients showed
18 {42%) had evidence of infection, Absence of detectable antibody and high viral load in the donation rendered
infection more likely. Recipient immunosuppression delayed or prevented seroconversion and extended the duration
of viraemia. Three recipients cleared longstanding infection after intervention with ribavirin or alteration in
immunosuppressive therapy. Ten recipients developed prolonged or persistent infection. Transaminitis was common,
but short-term morbidity was rare; only one recipient developed apparent but clinically mild post-transfusion hepatitis.
L]
Interpretation Our findings suggest that HEV genotype 3 infections are widespread in the English population and
in blood donors. Transfusion-transmitted infections rarely caused acute morbidity, but in some immunosuppressed
patients became persistent. Although at present blood donations are not screened, an agreed policy is needed for

the identification of patients with persistent HEV infection, irrespective ‘of origin, so that they can be offered
antiviral therapy.

Fundi}zg Public Health England and National Health Service Blood and Transplant.

Copyright © Hewitt et al. Open Access article distributed under the terms of CC BY-NC-ND.

Introduction previously seen. HEV is now the most common

Hepatitis E was first recognised as a dinical disease in
1978 as an outbreak of epidemic non-A, non-B hepatitis in
Kashmir! In 1990, faecal extracts from cases in a Russian
military camp were shown to be infectious orally in people
and domestic pigs,** with the infective agent hepatitis E
virus (HEV) being partly sequenced the same year* There
are four HEV genotypes—1 and 2 {(human viruses), and
3 and 4 (animal viruses) that infect human beings
zoonotically, The results of a recent population-based
seroprevalence study in England and Wales suggested that

the prevalence of infection is more comrmon than would .

be expected from an imported infection and that 25% of
adults in the sixth and seventh decades of life are
seropositive.’

In the UK, the numbers of cases of hepatitis E have
increased every year since 2010° and this increase is
associated with the emergence of a viral phylotype not

infective cause of acute enterically transmitted viral
hepatitis and is detected in people who have not
travelled outside the UK The association between
hepatitis E and consumption of processed pork
products makes hepatitis E a likely zoonosis in the UK?
and other countries where viral sequencing has
implicated food containing animal products from pigs,*
hoar,” and deer.®

The first transmission in the UK of HEV from a blood
component freported in 2006 was identified reiro-
spectively in the recipients of blood components from a

donor diagnosed with hepatitis E 24 days after donation.

Post-transfusion hepatitis E seems unusual and since
the first report eight post-transfusion HEV enquiries
(two in 2013, five in 2012, and one in 2011) have been
notified to the National Health Service Blood and

Transplant (NHSBT). Only the two most recent cases’
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were confirmed to be linked to components from an
infected doner. HEV RNA in UK plasma pools®™* and
serological evidence of recent HEV infection in donors®
have also been documented, indicating a turnover of
HEV in donors, but neither finding provides a measure
of the prevalence of viraemia. Intercurrent immuno
suppression, common in component recipients, can
delay viral clearance and lead to viral persistence in
patients with solid organ transplant® and HIV
infection.™ These findings have raised the question of
whether the hazard from HEV infection in donors
ought to be defined. We report here the prevalence of
HEV RNA in blood doners, the transmission of HEV by
a range of components, and we describe the resulting
morbidity in recipients.

" Methods

This study and related protocols were presented to the
London Bridge Research Ethics Committee (reference
12/1.0/0987) and approval was received in September, 2012.
An overarching data monitoring committee maintained
an independent continuous review of the progress of the
study. A study steering group, reporting to the data
monitoring committes, reviewed all aspetts of the study
on a weekly basis. Identification and clinical follow-up of
exposed recipients were coordinated by the NHSBT in
accordance with existing protocols for the discharge of the
duty of care to recipients of components carrying
previously unidentified risks.

From Oct 8, 2012, to Sept 30, 2013, plasma szmples
from individual donations collected in the South East
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Figure 1; Phylogenetic tree based on partial of open reading frame 2 nucleotide sequences from cases of HEV infection
The genotype 3 sequences are from acute hepatitis E cases diagnosed in England and Wales, UK, during the study period and are shown as unlabelled branches.
Sequences from 54 HEV-infected blood donors are shawn s blue dots and 32 HEV-infected recipients are shown as red dots. Accession numbers for reference

saquences are given. HEV=hepatitis E virus.
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England from consenting donors were dispatched from
NHSBT Filton, Bristol, to NHSBT Colindale, London,
UK, where minipools of 24 donations, or fewer if a full
24 set was not available at the time of pooling, were
assembled and extracted on the QiaSymphony {Qiagen,
Crawley, UK; virus-specific cell-free protocol). At any
point in time, staff and equipment limitations
determined ‘whether all sequential donations were
taken for pooling or discarded. 9382 minipools were
screened for HEV RNA during the study. HEV RNA
was detected with an internally controlled RT-PCR®
(detection limit 22 1U/ml). Briefly, extracted nucleic
acid in 10 pL was reverse transcribed in 25 pL with
Quantitect Probe rt-per (Qiagen, Crawley, UK) and then
amplified through 45 cycles. Sample reactivity was
ascribed an RNA value in IU/mL by comparison with a
standard curve of serial log,, dilutions in normal human
plasma of a high titre sample of known potency in
WHO international units. Reactive pools were resolved
to individua] donations that were then subjected to
HEV RNA detection, quantification, phylogeny, and
serology. Plasma RNA was amplified, sequenced, and
subjected to phylogenetic analysis across part of the
open reading frame 2 as previously described.

HEV antibody was detected with the Wantai IgM and
IgG detection assays (Fortress Diagnostics, Antrim,
Northern Ireland, UK) in accordance with the
manufacturer’s instructions.

Unused blood components remaining in the NHSRT
. inventory were discarded and those already issued were
recalled. A standard look back (le, check) was initiated
for all transfused components. The involved hospital
transfusion team was asked to identify the recipient and
the clinical team providing patient care. The clinical
team (or family doctor if the recipient had been
discharged) was advised of the possible exposure to HEV
and sent information about HEV and a suggested
recipient follow-up plan.

Through the attending clinician, clinical mformahon
on all of the recipients was sought. Where possible, blood
samples were collected during the follow-up. Negative
serclogy at 16 weeks post-transfusion and an absence of
HEV RNA at any stage indicated the lack of transmission.
The detection of plasma RNA 2t any stage or
seroconversion or serological markers of recent infection
indicated transmission. Any recipient with viraemia was
monitored until HEV RNA clearance and the development
of both IgG and IgM.

Role of the funding source

This study was jointly funded by Public Health England
and the NHSBT. Pooling was done on NHSBT premises,
Serology, molecular testing, and phylegenetic analysis
were done on Public Health England premises. Donor
records, including consent for testing, enrolment, and
clinical data were maintained by the NHSBT. The
corresponding author had full access to all the data in

the study and had final responsibility for the decigion to
submit for publication. :

Results
9382 minipools, comprising 225000 individual donations,
were screened and 79 donations containing HEV RNA
were identified, giving a prevalence of about one in
2848 donations (0-04%). 56 (71%} donors were sero-
negative {negative for antd-HEV IgM and ant-HEV IgG).
The median viral load was 3900 IUfml (range 50 to
2.37x105) and was 0-5 log,, higher in index donations that
were antibody negative. 54 (68%) of 79 donor samples
could be genotyped and all had a genotype 3 virus (figure 1).
129 components were manufactured from 79 donations
{table 1), Red cells comprised the largest number
{71[55%]) followed by platelets (39 [3094]), but, because of
discard or recall, only 62 (48%) components were given
as transfusions to 60 recipients: one patient received
two aliquots of an apheresis platelet donation, and
another received two separate HEV-containing
components (table 1). Platelets were the most commonly
transfused virus-containing blood component {table 1j.
Of the 60 patients given blood components from HEV-
infected donors, one declined investigation. 16 patients
were not available for follow-up: nine died soon after
transfusion and before follow-up, five were terminally ill
or incapacitated and therefore the initiation of HEV
monitoring was thought to be inappropriate, and two had
returned to their country of origin. In no case did the

Blood companents assaciated  Blood components

Blood corponents

Data are number or nimbier (%),

with HEV-viraemicdonation  recalled or discarded transfused
Red bload celfs 71 4B (68%) 23 (32%)
Poaled platelets 15 3{20%) 12 (B0%)
Apheresis platelets 24 1 (4%) 23(96%)
Fresh frozen plasma 12 9 (75%) 3{25%)
Cryoprecipitate 6 6 (100%) 0
Pooled granulocytes 1 0 1{100%)
Total . 124 67 (52%) 62 ({48%)

Table 1: Blood components associated with viraemic donations

Recipients of blood Infected Uninfected
components recipients  recipients
Red blood cells 16 41{25%) 12 {75%)
Pocled platelets 10 4(40%) 6 (60%)
Apheresis platelets 14 7 (50%) 7 (50%)
Fresh frozen plasma 2 2(100%) 0
Pooled granulocytes 1 1(100%) 0O
Total 43 18(42%)  25(58%)

' Data are nurnher or numherm)

Tabfl 2; Association between transfused bloud componentsand”
transmission of hepatitis E virus in 43 of 60 expused patu:nts inwhom
follow-up was possible
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Primary Inferred Woeeks toRNA  Wecks to first Duration of Viralclearanca  Alanine Comment
diagnosis’ immune positivity detection of infection (weeks)* aminotransferase
suppression _ antibody {IW/ml)
Patients 1-8 ‘
Patient1 Cardiacsurgery  None Marker nat 8 NA Yos Not raised Noiliness
detected )
Patlent 2 Cardiacsurgery  None Marker not 14 NA Yes Na information Noillness
detected
Patlent 3 Gastrointestinal ~ Nane Marker not 6 NA Yes Not raised Noillness
bleeding detected
Patient 4 Cardiacswrgery  None 5 5 7 Yes 375, week 7 Mild jaundice
Patient 5 Sepsis Nene 2 10 10 Yes 42, week 2 NoInfotmatian
Patlent 6 Myelodysplastic  Mild Marker not 6 NA Yes Not elevated Noitlness
syndrome detected
Patlent 7 Myclodyspiastic  Mild Marker not 3 NA Yes No Information Noinformation
syndrome detected [
Patient 8 Myclodysplastic  Mild 14 8 28 Yes 101, week 21 Noinformatien
syndrome
Median for patients 1-8 g 7 10
Patients 9-14
Patient 9 Aplasticanaemla  Moderate 8 Marker notdetected  >12 Not 43, week 4 Sepsis deatht ,
Patlent 10 Metastatic cancer  Maderate Marker not 6 NA Yes No information Nainformation |
detected
Patient 11 Aplasticanaemia  Moderate 4 10 >10 Not 200, week 7 Cardiac deatht
Patient 12 Acute renal failure  Moderate 3 1 11 Yes 148, week 9 Steraid reduction
Patient 13 Non-Hodgkin Moderate 13 13 »43 No Na information No information
Iymphoma
Patient 14 Acute mycloid Moderate 12 21 25 Yes 1380, week 20 Noinformation
levkaemia .
Median for patients 9-14 8 u 18
" Patiants 15-18
Patient 15 Acute myeloid High 17 38 >40 No Not elevated Deceased
leukaemia )
Patient 16 Acute myeloid High 7 Marker notdatected 16 Yes Not elevated lweeksof
leukaemia ' _ Ribavirin
Patient 17 Failedtransplant  High 7 Marker notdetected.  »10 Nat 2954, week 7 Sepsis deatht
Patlent 18 Multi argan High 11 37 44 Yes 40, week 22 Reduction of drug
‘ transplant dose {
Median for patfents 15-18 . - - 9 375 El
' Dataare number, unless otherwise Indicated. Median valves are calculated from the numerate values in the table. NA=not applicable, *Period from transfusion to last detection of hepatitis Evinss RNA; marked »
' when stifl viraemic after the end of follow-up, tReciplent died during follow-up, so relevant data excluded from numerical analysis. $Transaminitis thought to be secondary to abdominal sepsis and haematoma.
Table 3: Outcomein 18 recipients infected by transfusion of a blood component from a viraemic donor, ranked by immunosuppression

clinical tearn judge that HEV had contributed to any
illness or to death. Therefore, 43 patients were followed
up (table 2).

Six patients (1~3, 6, 7, and 10) had serological markers
of the recent development of antibody {seroconversion)
when first tested at a median of 6 weeks
{range 3-14 weeks) after transfusion (table 3). High
concentrations of anti-HEV IgG (sample/cutoff [S/CO]
>20) were detected in all samples, IgM was detected in
one sample (S/CO 1.2}, and bordetline IgM
{S/CO 0.7-0-9) was detected in three samples. A further
12 recipients were viraemic at one or more timepoints
in the post-transfusion period (table 3). Taking both
groups together, the overall transmission rate was 42%

(18 of 43 exposed patients), supported by the finding of .
sequences in each of the 12 viraemic recipients that
were identical to sequences from the involved donors
{figure 1). 25 recipients were judged to not have been
infected, 16 of whom had no serological evidence of
HEV infection at 16 weeks after transfusion and nine
who were both- seronegative and non-viraemic at
8 weeks or longer after transfusion.

The components associated with transmission of
HEV to recipients are shown in table 2; red blood cells
seemed to be the component least likely to transmit
infection. HEV antibody was detected in four (22%) of
18 donations associated with virus transmission and in
13 (52%) of 25 donations .not associated with
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transmission. The antibody levels were much lower in
the four donations that resulted in transmission than in
the 13 that did not {figure 2A). The HEV viral load was
about 1.5 log,, higher in the donations that transmitted
than in those that did not {figure 2B). 20+
Follow-up-of the infected recipients showed a varied
response to infection, reflecting their overall clinical state .
and inferred degree of immunosuppression. The median 15 e
times for seroconversion and duration of infection
increased in patients as the degree of immunosuppression e .
increased (table 3). Eight patients (1-8) were deemed to be o
immunccompetent or only mildly immunosuppressed *
(table 3). Five patients cleared their infection without
having detectable viraemia, the other three recipients e
cleared their RNA in a median of 10 weeks (table 3). * . o "
Six patients (9-—14) with varying degrees of moderate T T e T PO——
immunosuppression had alonger median time of 11 weeks - . 2 ~ s with HEV
to seroconversion and a median duration of viraemia of Donations assodated

254 6~

o

. e

SiCO

HEV RNA viral load log,,, (IUfmt)

Donations not
associated with
HEV infections n=25)

Danations not infections {n=18)
18 weeks (table 3). Four patients (15-18) were judged to be
heavily immunosuppressed. In these patients, sero-
conversion was either very delayed (week 38 for patient 15
and week 37 for patient 18) or was not detected.

In three viraemic recipients, one moderately (patient 12)
and two severely immunosuppressed (patients 16 and 18},
an elective decision was made to induce viral clearance.
In patient 12, steroid dose reduction and withdrawal of
additional immunosuppressive drugs 9 weeks after
transfusion led to seroconversion and viral clearance
over 3 weeks. In patient 18, changes in immuno-
suppressive therapy coincided with the onset of
seroconversion at 37 weeks and subsequent viral
cdlearance from both stool and plasma. In patient 16,
2 weeks of ribavirin was given between cycles of
chemotherapy at 12 weeks after transfusion and led to a
1000 times reduction in HEV RNA concentrations but
not to clearance. Further ribavirin treatment starting at
19 weeks after transfusion led to viral clearance in the
absence of a deteciable antibody response.

Clinical hepatitis was reported in only one recipient
(patient 4), whose indication for transfusion was a cardiac
surgical procedure (table 3). 5 weeks after transfusion,
the patient consulted with the family doctor and was
confirmed to have hepatitis, associated with HEV
seroconversion. Four other recipients (patients 8, 11, 12,
and 14) had asymptomatic transaminitis coincident with
seroconversion, which was triggered in patient 12 by a
change in therapy. Transaminitis was marked in
patient 14 in whom plasma alkaline phosphatase was also
elevated for 1 week before the first development of
anti-HEV antibodies. No infected patient was reported to
have neurological disease.

Discussion
The prevalence of blood donations containing HEV RNA

was higher than anticipated in the planning of the,

project. When projected across the country, and
allowances are made for the duration of a detectable

with HEV
infections (n=4)

associated with
HEV infections {ne13)

Figure 2: Data spread plot of HEV IgM and IgG antibody levels in donors whose components transmitted HEV
compared with those that did not {A) and HEV RNA levels in donors whose components transmitted HEV

compared with those that did not (B)

tn (B}, the bars indicate median viral load values for donations that were or were not associated with HEY inlfections
{4-53 IUfm!, [range 2.61-5-41] vs 2.67 U/mL [1:70-5-49), p<5-0001). S/CO=samplefeutoff,

viraemia for 8 weeks, a prevalence of one in 2848
indicates that about 80 000-100 000 acute HEV infections
are likely to have occurred in England during the year of
the study. This is close to the modelled estimate® and
shows a truly sizeable zoonosis, including both group 1
and group 2 viruses of genotype 3 HEV) which was also
transmitted to the donors identified in this study
(figure 1), Similar prevalences of viraemia have been
reported in Sweden and Germany™® suggesting that
this zoonosis is also widespread across the European
continent, further supported by a recently reported case
of post-transfusion HEV in France {panel).*

The inevitable delay between donation and the
identification of a viraemic donor meant that when recall
of components was started, a high propottion of the short
shelflife components had already been transfused and
most of the recalled units were inevitably of the longer
shelf-life red cell and frozen components. This might
have altered the profile of recipients towards those who
were immunosuppressed and requiring platelet support.

Two linked variables in the donor plasma that were
associated with transmission were the anti-HEV status of
the donation and the level of virus in the plasma
{figure 2A, 2B). Overall, donations containing antibody
were less likely to transmit and, when they did, there wasa
rend for lower levels of anti-HEV 1o be agsociated with
transmission. Donations associated with transmission had
significantly higher levels of plasma RNA {p<0-0001) than
did those not associated with transmission, but overall
viral RNA levels were ten times lower in viraemic donors
than in the plasma of patients presenting with acute
clinical hepatitis E (median 6-2x10¢ IU/ml, range 20 to
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Panel: Research in context

Systematic review - )

We searched MedLine for articles published in the 7 yeass up
to December, 2013, on the topic of HEV and blood safety. We
used a range of keywords including “hepatitis E, "HEV",
"blood safety”, "transmission”, "blood donors”, and
“recipients”. Inthe past 10 years hepatitis E vitus (HEV) has
been increasingly recognised as a zoenotic infection in high-
income countries where it was previously thought to be an
imported infection, Current infection fn blood donors and a
small number of post-transfusion cases from some countries
indicate a potential far transmission by transfusion. No
systematic analysis of transmission rates and dlinical effect of
transfusion-transmitted HEV exists in published literature,

Interpretation ‘

We have defined the prevalence of viraemic donors and
transmission to recipients. Spontaneous clearance without
clinical disease was common, déspite delayed seroconversion,
and resulting acute illness was rare. Our data are from the first
reported systematic study of HEV transmission from donors
infected by an extensive but largely non-apparent zoonaosis in
England, On a clinical basis alone, the resulting minimal
burden of disease does not signal a pressing need for
donation screening at this time.

4.2%107, unpublished data). In this study it was not
possible to ascertain the serological status of the recipient
before transfusion because of the unavailability of samples.

The numbers of components in each category were
insufficient for a robust attribution of transmissibility,
though there is clearly a trend for those components that
contain larger plasma volumes, principally fresh frozen
plasma and platelet components, to transmit more
readily. Despite this, in some instances apparently
susceptible individuals who were challenged with
components prepared from donors with high-level HEV
viraemia did not become infected, raising the question of
whether some people are innately resistant to infection
or whether coincidental administration of antibody-
containing components from other donors might also
have mitigated the risk of infection.

Table 3 shows that the immunclogical integrity of the
host materially alters the time course of the post-
transfusion infection. Increasing immunosuppression
prolongs viraemia and delays seroconversion. Although
eight of 12 viraemic recipients underwent serocon-
version, coinciding in some with a Dbiochemical
transaminitis, seroconversion does not necessarily
bring about clearance and can still be followed by long-
term viraemia (patients 13 and 15). At the other end of this
range, four heavily immunosuppressed patients either
did not produce anti-HEV or had very delayed
seroconversion and exhibited prolonged viraemia as
described previously in recipients of solid organ
transplants.® '

"What is of concern in this small series is that ten patients
infected through transfused components seemed likely to
Dbe at the beginning of long-terrn persistence. Two patients

(8 and 14) cleared viraemia spontancously late after

infection, four (9, 11, 15, and 17) remained viraemic at time
of their deaths, and four (12, 13, 16, and 18) were at risk of
chronic liver disease and requiring continued monitering
and possible intervention. In three cases, the decision to
atternpt viral clearance was made. Indirect antiviral
intervention with electively reduced immunosuppression
led to seroconversion and viral cleararice in two recipients
{10 and 18). Direct antiviral intervention with ribavirin led
to resolution of the inféction without seroconversion in
patient 16. The fourth patient (13} remains the onlv
persistently infected recipient a year after transfusion. |

Our findings confirm the potential danger or
transfusion-transmitted HEV in the transplant and
haemoncology settings but also the susceptibility of this
persistent infection to immune cdearance. Persistent
infection might be more of a hazard for recipients of solid
organ transplant in whom the immunosuppression is
unremitting than for recipients of stem cell trans-
plantation in which immune recovery might be expected,
Based on the finding of little acute morbidity, there is no
indication to alter previously optimised treatment
pathways for patients who have been exposed or infected
with HEV. Two-thirds of patients are likely to clear
infection spontaneously, and when long-term pergistence
develops intervention can be undertaken electively.®
Immune recovery is the desired outcome in many
haematological situations and this alone might well bring
about viral clearance that might also be associated, like
seraconversion, with an illness during viral clearance®

Since HEV infection transmits through transfusion
and the incidence of acute infection in doners from the
southeast of England is high, about 1200 HEV-containir
components are likely to be released for transfusit.
purposes each year in England. Most infections will not
be identifiable through any acute illness in the immediate
post-transfusion period but might present much later at
the time of immune reconstitution or as a manifestation
of long-term chronic liver disease, especially in solid
organ transplants when an association with transfusion
might not be made. One way of mitigating unfavourable
outcomes would be to introduce routine yearly screening
for persistent HEV infection in all transplant patients
with an option to treat those who are chronically infected
independent of the route of infection.

Setting aside this option, what would be a propertionate
response to this zoonosis? Is it possible to deal with the
source of infection that is likely to be foods containing
pork,? perhaps advising patients at risk to modify their
diet as is done for listeria? A societal change reverting to
the old principle of extended cooking of pork would not
fit with the tendency to consume it lightly cooked now
that trichinosis is no longer a perceived hazard”
Addressing anima] husbandry and determining how to
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control HEV in pig herds remains a possibility, although
an easily transmissible enteric agent like HEV® will be
more difficult to control than trichinella. Alternatively,
screening of blood donations, at substantial cost, on the
basis of reducing the risk of long-term infection, would
remove the bulk of the transfusion hazard but still allow
the dietary risk to transplant patients; this issue was
addressed in Toulouse, France, by the removal of the
figatelu liver sausage from the hospital diet?
Nevertheless, every donor exposure in England and
Wales will increase the likelihood of recipient infection
by one in 3000, and if a recipient in 1 year of treatment
were to be exposed to components from 20 donors the
accumulated yearly risk from transfusion would be one
in 150 compared with a dietary risk of one in 500-1000,
modelled on the yearly seroconversion rate of 0. 1-0- 2%.
Our experience in this study, however, indicates that the
burden of harm engendered by HEV acquisition through
transfusion is very slight and from a clinical perspective

alone there seems no pressing need to move rapidly with -

the introduction of donation screening. The broader
issues of HEV and blood safety, including the need for
donation screening,” will be addressed in the UK later
this summer after the recent commissioning of a
short-life expert committee of the UK Departments of
Health Advisory Committee on the Safety of Blood,
Tissues and Organs to consider these matters within the
context of a financially constrained health service.

The magnitude of the current zoonosis in Europe is
shown by both more cases of hepatitis E being reported
for England in 2012 than in 20117 and an increase in
prevalence of HEV antibody in young Dutch blood
donors {Zaaijer H, Sanquin Blood Supply Foundation,
personal communication}. It should be berne in mind
that HEV disease in England and Wales shows
considerable . temporal variation, and though the
magnitude of the risk now possibly justifies intervention®
it is unlikely that the high frequency of acute infection
will be maintained indefinitely; this provides another
complication in the decision of an appropriate response
to this interesting and rather unexpected transfusion-
associated infection in the UK.
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by 300%; the authors suggested that TDF elimination
could have been reduced by the inhibition of renal drug
transporters by TVR, [7]. In our case, amajor role of TDF
in renal impairment does not seem probable since TDF
withdrawal did not restore kidney function. Nevertheless,
TDF plasma level was not measured and therefore we can
not rule out an accurmulation of TDF thorough renal drug
transporters inhibition by TVR.

Telaprevir is mainly metabolized by the CYP3A4, acting
as both a substrate and an inhibitor. This is of particular
importance for the treatment of HIV patients, as the use
of ritonavir-boosted HIV protease inhibitors (HIV-IPr) is
sometimes indispensable. Currenty, the only HIV-PIr
recommended for coadministration with TVR is ATVr.
An increase in the ATV minimum concentration by 85%
was seen when ATV and TVR were combined in healthy
volunteers, which led to an increased risk of symptomatic
hyperbilirnbinemia [8). In our case, TVR nitiation
probably led to a rise in ATV concentrations since an
unexpected, abnormally high plasma ATV level was seen
60h after the last dose, at a value similar to the maximum
concentration described for the drug [5]. This fact had its
clinical and laboratory correlation in the form of nausea,
vomits, a rise in hepatic enzymes, and hyperbilirubine-
mia, which ultimately contributed to renal failure
through intravascular volume depletion and dehydration,
To the best of our knowledge, an unexpected plasma ATV
elevation leading to such a major side effect of the drug
has not been described previously, and its mechanism is
uncertain, since it might not be attributed only to
CYP3A4 mediation. A hypothetical reduction in ATV
renal excretion by inhibition of renal drug transporters in
the presence of TVR might have been involved in the
overexposure to this drug seen in our patient.

In conclusion, even though major drug—drug inter-
actions between ATV and TVR have not been seen in
clinical trials, we report a serious adverse event that was
likely related to a major rise in plasma ATV concentration
in the presence of TVR. Various mechanisms that are
currently incompletely defined may have been implicated
in this unexpected drug—drug interaction. It seems
advisable to closely monitor patients on TVR. therapy,
particularly if additional risk factors or co-medications are
present. The effect of TVR. on renal and hepatic drug
transporters and its related clinical implications deserve
further investigation.
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Prevention of HIV-1 transmission with postexposure prophylaxis after inadvertent infected blood transfusion

Although postexposure prophylaxis (PEP) is commonly
prescribed in the setting of occupational and non-
occupational HIV-1 exposures [1,2], there is limited
evidence documenting efficacy in the setting of
tzansfusion with infected blood. Furthermore, there is

a paucity of data regarding blood-borne exposures that
lead to passive transfer of antibodies against HIV {3,4].
We describe the efficacy of PEP in such a situation using
highly sensitive assays for HIV-1 DNA and low-level
residual viremia.
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We report the case of a 12-year-old gitl with sickle-cell
disease admitted for management of a vaso-occlusive
crisis who inadvertently received HIV-infected packed
red blood cells (PRBCs). She required intermittent
PRBC transfusions since the age of 2 years, with the last
transfusion 5 years ago, Her white blood cell count was
10100 per wl, and haemoglobin 9.6 g/dl. Haemoglobin
electrophoresis revealed 57% haemoglobin S, During her
admission, she was transfused with one PRBC unit that
was collected 32h prior to administration,

Despite the standard practice of prescreening blood
products, the laboratory at the public hospital in the
Kingdom of Saudi Arabia became aware that the PRBCs
were contaminaved with HIV-1 within hours of her
transfission as a result of human erxor involving mixing an
un-screened bag with screened bags. The donor blood
was discovered to be HIV-1 antibody positive and
subsequently determined to have z viral load of
§740 copies/ml (subtype C); the donor was not receiving
antiretroviral therapy (ART). The Ministry of Health
conducted an in-depth investigation and halted blood
transfusions at the responsible blood blank. Approxi-
mately 24 h after transfusion, the patient was started on

tenofovir, emtricitabine, ritonavir-boosted darunavir
(subsequently changed to lopinavir) and raltegravir,
Blood tests were positive 24 h after transfusion for HIV
antibodies by ELISA and confirmatory western blot, but
negative for HIV-1 DNA and plasma HIV-1 RNA by
PCR. The pattern of reactive bands on western blot was
identical for samples obtained from the donor and patient
(ep120, gp41, gp31, p24 and pl17). Genotyping revealed
that she was CCRS wild-type.

The patient demonstrated no signs or symptoms of acute
infection during 13 weeks of ART in a tertiory care
centre. Testing of donor blood revealed no HIV-1
resistance to the antiretrovirals chosen. Longitudinal
testing of the patents plasma and peripheral blood
mononuclear cells (PBMCs) was performed by both
clinical laboratories and by sensitive research assays
with thresholds of detection down to 0.1 HIV-1 DINA
copies/10° PBMCs and 0.4 RNA copies/ml of plasma
during and after ART. All tests were negative prior to and
8 months after ART interruption. She continued to have
declining but detectable HIV-1 antibodies with positive
confirmatory line immunoassay up to 5 months after
transfusion, but confirmatory testing was negative by

Table 1. HIV-1 DNA, plasma RNA and antibody fests results before and after infected blood transfusion.

Clinical laboratory testing

Research laboratory testing

Archltect Hiv-1 Hiv-i HIv
HIV ab HIV-1/2  Line VA Quantitative DNA plasma Abby

Day Clinical ELISA/ Ag/Ab  immunoassay DNA - HIV-1 {copies/10° RNA by SCA  VITROS
postiransfusion  course wB? Combo®  confirmation®  (Blood)®  RNA PCR® PBMC) (coples’ml)  assay
Donor
-1 Positive 9740 copies/m
Patient

-1 Negative

0 Transfusion

1 Start ART Positive ND ND

4 : 463.44  Pos ND ND

34 ND ND

50 132,74 Pos ND ND

78 _ ND ND

82 33.89  Pos ND ND <048 1.7

91 Stop ART ’

98 : ND ND

105 ND ND ‘

112 843  Pos ND ND <012 <0.4 0.35

119 ND ND :

126 4.5 Pos ND ND

133 ND ND

140 273 Pos ND ND <0.1 <0.4 0.1

154 162 Pos ND ND

175 0.69 Neg ND ND

249 019  Neg N\[) ND .

Ab, antibody; Ag, antigen; ART, antiretroviral therapy; ND, not detected; SCA, single copy HIV-1 RNA assay; WEB, western blot.

*Screening HIV-1 enzyme-linked immunoassay with western blot confirmation at transfusing healthcare facillty.

BAbbot Architect HIV antibody/antigen combination chemiluminescent microparticle immunoassay {the presence of antigen and antibody are not
differentiated); value = relative light units (RLUY; positive assay cutoff value = mean calibrator RLU value x 0.40).

“INNO-Lia HIV Il Line Imimuno Assay (LIA} used to confirm the presence of antibodies against the HIV-1/HIV-2. _
“MIV-1 proviral DNA qualitative detection by PCR performed at Mayo Laboratories (lower limit of detection =66 copies/ml whole blood).
“Measured by quantitative real-time PCR (detection threshold = 40 RNA copies/m] of plasma).

"Threshold of detection in DNA copies/10% PBMCs (no DNA detected at all time-points tested).

EThreshold of detection in RNA coples/ml of plasma (no RNA detected at all time-points tested),

PSignalfcutaff value from VITROS anti-HIV-1 + 2 assay.
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month 6. Viral load testing & months following exposure
remained negative (Table 1).

We report the successful use of combination ART PEP
following large-volume transfusion of HIV-infected
blood from a vitemic donor with passive transfer of
antibodies to HIV-1. The observation that no HIV was
detected in her blood after stopping ART and that
antibody levels disappeared over time strongly snggests
that PEP successfully prevented HIV acquisition. The
overall transmission rate from HIV-1 antibody positive
blood transfusions was 89% in one study with non-
transmission attributed to lower viral load and prolonged
blood-product storage [5]. HIV-1 transmission from
transfusion of PRBCs stored for less than 48h is
essentially 100% regardless of viral load {5]. Furthermore,
experiments of simian immunodeficiency virus primary
infection in primate models suggest that infectivity of
plasma virus from acute infection is higher than set-point
virus, but the correlation between cell-associated HIV-1
DNA. levels and transmissibility is pootly understood
16,7]. Qur patient received effecdve prophylaxis despite
transfusion with PRBCs stored forless than 36 h, but was
from a donor with relatively low viral load,

Passive transfer of HIV-1 antibodies after occupational
exposure has been documented but is rare [3,4]. For
example, one individual became infected with resistant
virns despite the use of zidovudine 2h after a deep
laceration with conmaminated blood, whereas another
individual was not infected after transfiusion with a
contaminated unit of PRBCs fiom a donor with a low
viral load (2000 copies/ml); she was started on zidovu-
dine, lamivudine and indinavir 19 days after exposure.
These cases illustrate the sensitivity of current antibody
testing platforms and cautions against presuming that
individuals have preexisting HIV-1 infection, and not
initiating or stopping PEP due to the presence of antibody
reactivity immediately following contaminated blood
exposure. Highly sensitive laboratory assays may also help
guide the duration of PEF to guarantee the prevention
of infection.
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Highly pathogenic avian influenza A virus (H5N1)
can be transmitted in ferrets by transfusion

Xue Wang"", Jiying Tan’, Jianggin Zhao', Zhiping Ye? and Indira Hewlett"”

Abstracts

Background: Highly pathogenic avian influenza A virus has been shown to infect organs other than the lung, and
this is likely to be mediated by systemic spread resulting from viremia which has been detected in blood in severe
cases of infection with avian H5N1 viruses. The 1nfect|wty of virus in blood and the potential for virus transmission

by transfusion has not been investigated.

recipient animals.

on their survival.

transmissibility of H5N1,

L Keywords: H5N1, Transfusion, Vireria, Ferrets

Methods: Using & susceptible ferret animal madel, we evaiuated viremia and transmission by bload transfusion.
Blood was coliected on day 2, 4, 6, and 10 post-infection {or before death) from donor ferrets infected with either
low dose (1.0 % 10*® EIDse/ml) or high dase (1.0x 106 EIDsg/ml} of H5N1 virus, AAVN/1203/04 and transfused to

Results: Viremia was observed in 2/12 (16.67%j recipients that received blood from donor ferrets infected with low
dose and 7/12 (58.33%) recipients who received blood from high dose infected donars. 1/12 (8.3%) low dose
recipients and 6/12 (50%) high dose recipients died within 11 days after transfusion. Increased changes in body
weight and temperatures were observed in high dose recipients, and high levels of viral RNA were detected in
recipient ferrets after transfusion of blood from the early viremic phase, which also correlated with adverse impact

Conclusion: These data suggest that highly pathogenic avian influenza A virus, H5N1, is transmissible by blood
transfusion in ferrets. Low levels of viremia were detected around the time of onset of symptoms and later in
ferrets infected with highly pathogenic H5N1 virus. These findings may have implication for pathogenesis and

Background ‘

Influenza A viruses belong to the Orthomyxoviridae family
of RNA viruses that contain eight segments of negative
sense RNA [1]. There are several subtypes, numbered
according to antigen HA and NA, containing sixteen
different HA antigens (H1 to H16) and nine different
NA antigens (N1 to N9) have been identified to date. In-
fluenza A viruses evolve with high mutation rates and
can occasionally cross the species barrier. Highly patho-
genic avian influenza virus H5N1 originated in poultry
and has been occasionally transmitted to humans resulting
in high mortality [2]. There have been no reports thus

* Correspondence: xuewang@fda.hhsgov; indira hewlett@fda.hhs gov
'Lab of Molecular Virology, Building 298, Rm 4NN22, Division of Emerging
and Transfusion Transmitted Diseases, CBER/FDA, 8300 Rockville Pike,
Bethesda, MD 20852, USA
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far to indicate that H5N1 is readily transmissible from
human to human.

"H5N1 virus continues to circulate among poultry in
many countries in Asia, Africa, and Europe, occasionally
spreading to humans. In 1997, avian influenza A virus
subtype H5N1 emerged capable of infecting humans with
a highly fatal disease outcome (fatality rate of ~60%) [3,4]. -
The primary pathologic process that causes death is ful-
minant viral pneumonia [3,5). High replication efficiency,
broad tissue tropism and systemic replication seem to
determine the pathogenicity of FI5N1 viruses in animals
[2,6). A human isolate A/Vietnam/1203/04 (H5N1) was
reported to be highly pathogenic and the severity of dis-
ease was associated with broad tissue tropism and high
virus titers in multiple organs, including the brain in
ferrets [6],

© 2014 Wang et al; licensee BioMed Central Ltdl, This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (httpy/creativecormmons,org/licenses/by/2.03, which permits unrestricied use, distribution, and
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Some studies have shown that H5N1 virus is found
exclusively in the respiratory tract (mainly in the lung)
[7,8]). Other studies report the presence of H5N1 viruses
in many extrapulmonary organs, such as intestine, liver,
and brain [3-14]. Viral RNA has been detected in naso-
pharyngeal aspirates ranging from 1 day up to 15 days
after disease onset [15,16]. Viral replication appears to
be prolonged in H5N1 influenza because viral loads
when plotted against time did not show a clear decline
in a large group of H5N1 patients [17]. These findings
demonstrate that H5N1 can be detected in brain, intestine,
liver, lymph nodes, placenta, and fetal lung and cause
coma, diarrhea, and encephalopathy in children [18], in
addition to pneumonia.

Early in the 1960s, viremia was found in patients in-
fected with influenza A virus in Asia [11,12]. Since then,
other groups have reported that influenza viral RNA
could be detected in blood from infected patients
[17,19-22]. It has also been reported that detectable viral
RNA in the blood of humans was associated with fatal
"outcomes while no viral RNA was detected in the blood
of surviving H5N1-infected individuals [17].

Ferrets are an excellent mammalian animal model for
studies of influenza virus pathogenicity and host immun-
ity, and disease manifestations of influenza virus infection
in ferrets closely resemble those in humans [6]. Recently,
we found that infection with a human isolate, A/Vietnam/
1203/04 (H5N1), resulted -in viremia in the ferret model,
which positively correlated with animal death [6]. Viral
RNA could also be detected in brain, lung, ileum, nasal
turbinate, and nasal wash. Although influenza viruses
in blood and plasma are very stable [23], it is unclear
whether the influenza virus can be transmitted by blood
transfusion. Here, we performed studies in ferrets infected
with the H5N1 strain t0 determine whether influenza A
virus can be transmitted through blood transfusion.

Methods

Virus and its titer determination

A HSEN1 strain, A/Vietnam/1203/04, was obtained from
the Centers for Disease Control and Prevention (Atlanta,
GA) (CDC#2004706280, E1/E3 (1/19/07) and amplified
in 10-day old embryonated hen's eggs (CBT Farms,
Chestertown, MD). The virus was maintained at -80°C
until use. For infectious titer determination 10-fold dilu-
tions of virus stock was inoculated into 10-day old embry-
onated hen’s eggs (4~8 eggs per dilution) and the eggs
were incubated for 48 hours. 50 pl of allantoic fluid was
theri collected from each egg and added to a microtiter
plate. 50 pl of 0.5% turkey red blood cells (tRBCs) were
added to all wells and plates were incubated for 30 minutes
at room temperature. Plates were read for agglutination or
non-agglutination. The 50% endpoint was determined by
the method of Reed and Muench [24] from virus dilutions
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testing positive for hemagglutinin activity in tRBCs.
Data were expressed as 50% egg infectious dose (EIDsp)
per milliliter.

Ferret inoculation and transfusion
Forty two adult male ferrets (Triple F Farms, Sayre, PA)
that were 6~7 months of age and seronegative for
representative currently circulating human influenza A
strains and the challenge virus prior to initiation of the
study were identified for the study. Ferrets were housed
and cared for at BIOQUAL, Inc. (Rockville, MD). The
BIOQUAL, Inc. IACUC had approved the animal care
and use proposal, ACUP # 11-3056-71, prior to start of
the study. For all procedures, the ferrets were lightly
anesthetized with a solution of ketamine/xylazine for-
mulated to provide doses of 25 mg/kg ketamine and
2.0 mg/kg xylazine to each animal. The animals (do-
nors) were inoculated intranasally with 500 pl of virus,
approximately 250 pul to.each nare. Six donor ferrets
were infected with low dose, about 1.0 x 10%® EIDo/ml
of virus and the other 6 donors were infected with high
dose of about 1.0 x 10> EIDsg/ml of virus. For each
challenge dose, the donor animals were divided into two -
groups; blood was collected on days 2 and day 6 post-
infection from one of these groups and on days 4 and
day 10 post-infection from the other group. At these
time points about 2 ml of freshly collected blood was
transfused into its appropriate recipient (see Table 1 for
details). To reduce the risk of a minor allergic reaction
the recipient ferrets were administered a dose of anti-
histamine (Benadryl, 2 mg/kg, IM) 5 min. prior to the
transfusion. A 24 gauge IV catheter was then inserted
into the cephalic vein and a blood line with filter was
connected. The anti-coagulated (acid citrate dextrose
(ACD). 0.48% (w/v) citric acid. 1.32% (w/v) sodium citrate.
1.47% (w/v) glucose) blood from one donor was slowly
pushed through the line over a 10-15 minute period. In
total, 24 recipients received blood from H5N1-infected an-
imals and 3 animals received blood from animals treated
with equal volume of PBS in each nare as controls,
Clinical signs of infection, weight, and temperatures
were recorded twice daily. Activity scores were assigned
as follows: 0, alert and playful; 1, alert but playful only
when stimulated; 2, alert, but not playful when stimulated;
and 3, neither alert nor playful when stimulated. Ferrets
that showed signs of severe disease {prolonged fever;
diarrhea; nasal discharge interfering with eating, drink-
ing, or breathing; severe lethargy; or neurological signs) *
or had >20% weight loss were euthanized immediately.
Euthanasia was performed on ferrets that had been sedated
using IM inoculation with a ketamine HCI (25 mg/kg) and
xylazine (2 mg/kg) solution. Blood was obtained from re-
cipients on days 2, 4, and 8 post-transfusion {or before
animal death) and analyzed for viral loads using RT-qPCR.
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Table 1 Study design of donors and their appropriate
recipients

Donor group  Animal code Day blood collected  Recipient code

Low dose 51 2 63
6 67

52 2 64

6 68

53 2 66

& 62

54 4 70

10 73

55 £ 71

10 74

56 4 72

10 . 75

High dose 57 2 76
6 79

58 2 77

6 80

59 2 78

6 81

60 4 82

. 10 85

61 4 83

10 86

62 4 84

10 87

PBS 49 4 ) a8
50 6 89

62 10 80

These studies were performed in a Biosafety level 3 en-
hanced laboratory.

Nasal wash

Nasal wash samples were collected from all ferrets on
days 0, 2, 4, 6, and 8 for viral load determination.
Briefly, the ferret was sedated with ketamine/xylazine
and placed in the laminar flow hood, draped over a
small box. With the nose pointed upwards, 3 ml PBS/
gentamicin/0.5% BSA solution is slowly instilled into
the nostrils using a 24 gauge %" plastic catheter con-
nected to a 3 ml syringe. The nasal wash was collected
into a 15 ml sterile conical tube, spun down to remove
cell debris. 0.5 ml sample was used for immediate isola-
tion of viral RNA, and an additional sample used for the
TCIDg; assay. These procedures were performed in a
Bicsafety level 3 enhanced laboratory.
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RT-qPCR ,

Quantitative real-time RT-PCR was used for detection of
viral RNA in blood and nasal wash. 500 pl of blood or
nasal wash were used to isolate nucleic acids by using
the QlAamp Viral RNA Mini Kit (Valencia, CA 91355)
according to the manufacturer’s protocol. We designed a
set of primers and probes for the matrix gene, M, of the
avian H5N1 influenza A virus, according to GenBank
database. The forward primer was 5'-CGTCAGGCCC
CCTCAAA-3’, and the reverse primer was 5'-GGTGTT
CTTTCCTGCAAAGA-3'. The TagMan probe was oligo-
nuclectide 5'-TCAAGTTTCTGTGCGATCT-3', coupled
with a reporter dye [6-carboxy fluorescein} (FAM) at the
5 end, a non-fluorescent quencher and a minor groove
binder (MGB), that served as a Tm enhancer, at the 3
end. The nucleic acids were amplified and detected in an
automated TagMan 7500 Analyzer by using QuantiTect™
Probe RT-PCR kit (Qiagen Inc., Valencia, CA). The 25-p
PCR mixture consisted of 100 nM primers and 100 nM
probe. Following three thermal steps at 55°C for 5 min,
at 50°C for 30 min and at 95°C for 10 min, 45 cycles of

two-step PCR at 95°C for 15 s and at 60°C for 1 min

were performed. The limit of detection was 1 fg of virus
RNA per reaction with the TagMan assay initial sample
dilution at 1:10.

TCID5, assay

The nasal wash and plasma samples were added in 10-fold
graded dilutions to 96-well round-bottomed tissue culture
plates. As a positive control, 10-fold dilutions of the chal-
lenge virus were included in each experiment, MDCK cells
were then added to all wells and the plates incubated for
48 hr at 37°C, 5% CO,. Following this period 50 pL from
each well was transferred to a 96-well V-bottomed micro-
titer plate, 0.5% turkey RBC added to all wells and the

‘presence of virus detected by hemagglutination as a read-

out. The 50% endpoint was determined by the method of
Reed and Muench [17] from virus dilutions testing posi-
tive for hemagglutinin activity in Turkey Red Blood Cells
{tRBC). Data were expressed as 50% tissue culture infect-
ive dose (TCIDsg) per milliliter.

Statistical analysis

The log rank test was used for comparing survival curves
and the unpaired Student's ¢ test was used for other data
analyses as indicated, and a value of p < 0.05 was consid-
ered significant.

Results

Transfusion of viremic blood was associated with fatal
cutcome in recipients

We infected 6 ferrets (donors) with 1.0 x 10 %® EIDgy/ml
(low dose) and another 6 animals with 1.0 x 10 3¢ EIDgy/ml
(high dose) of HSN1 virus, strain A/VN/1203/04. As shown
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in Figure 1A, mortality in donors occurred at a higher
rate with high dose compared with low dose. Blood was
collected from infected animals (donors) as scheduled
(Table 1) or before the death of the animal and about
2 ml of the fresh blood was transfused to their appropri-
ate recipients (Table 1). Fatal outcomes were observed
in some recipient ferrets (Figure 1B). About 50% of fer-
rets died within 12 days post-transfusion of blood from
ferrets that were infected with a high dose of virus com-
pared with 10% of recipients from the low dose virus in-
fected group (Figure 1B). All control animals remained
healthy and symptom-free throughout the duration of
the study. These data suggested that the fatal outcomes
observed were likely to be associated with virus infec-
tion rather than the result of the transfusion procedure.

Changes in body weight (kg) and temperature {°C) were
also recorded and caleulated in Figure 2 and Table 2. In
general, animals that received blood from ferrets infected
with high dose of virus showed decreased body weight
and increased body temperature relative to the recipients
that received blood from ferrets infected with low dose of
virus.

Viral RNA could be detected in the blood of both donors
and recipients

Transfusion of blood from ferrets infected with high
dose of virus resulted in the death of recipient ferrets
which positively correlated with levels of viral RNA [6].
We measured viral RNA in ferret blood collected from
donors on the day of transfusion, or from recipients on
day 2, 4, 8 post-transfusion as scheduled or before the
recipient died using the RT-qPCR assay. Viral RNA de-
tection in blood from donors and/or their appropriate
recipients are shown in Table 3. In the low dose group,
viral RNA in blood could be detected only in one donor
(/6 ferrets) on day 10 post-infection; while 5/6 of

-
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donors displayed viral RNA in their blood in the high
dose group. Partial identity of the viral matrix gene se-
quences with wild type sequence was found in the blood
of some recipients, which were analyzed using cDNA se-
quencing (Additional file 1: Figure S1) which provided
direct evidence of viremia.

Table 3 also showed that viral RNA could be detected
in the blood of 3/12 (25%) ferrets that received blood
from donors infected with low-dose of virus and 7/12
(58.33%) recipients that received blood from high-dose
infected donors. These data indicate that highly patho-
genic avidn influenza A virus (FISN1) can be transmitted
through blood transfusion. Most recipients had detectable
viral RNA in blood collected on day 2 post-transfusion
while donor animals showed viremia after day 2 post-
infection (Figure 3A). We also found that most viremic re-
cipients died while recipients without viremia had 100%
survival (Figure 3B), indicating that viremia is associated
with fatal outcomes in ferrets infected with highly patho-
genic H5N1 influenza virus,

To understand the relationship of virus load in blood
with animal death, we recorded animal death and detect-
able virus load in blood. As shown in Table 4, viral RNA
levels greater than 8 x 10* fg/ml in blood were associated
with higher number of fatalities, while some recipients
with viral RNA of more than 3 x 10* fg/ml in blood also
did not survive. These data indicate that transfusion of
lower amount of virus load in blood could also result in
recipient animal death, and that high titers of viremia are
a strong predictor of fatality in the H5N1-infected host.

Higher levels of viral RNA were found in the blood of some
recipients after transfusion of blood collected in the early
viremic phase

Although viral RNA could not be detected in the blood of
animal #54, #56 from the low dose group and animal #60

L High dose
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Figure 1 Clinical signs of challenge with H5N1 virus A/VN/1203/04 in ferrets. 6 ferrets {donors) were infectad with 1 % 10%° EIDS0/m (low
dase} of virus and 6 other donors were infected with 1 x 16%% EIDS0/ml of virus. For each challenge dose, the donar animals were divided Into
two groups; blood was collected on days 2 and day 6 post-infection from one of these groups and on days 4 and day 10 postinfection (or the
day before anlmal died) from the other group. At these time points about 2 mi of freshly collected blood was transfused into its appropriate
fecipient. (A). Survival of ferrets after challenge. Ferrets {donors) were inoculated with sither low dose or high dose of the virus and znimal
survival was recorded up to 12 days post-challenge. (B) Ferrets (recipients) were transfused with blood collected from donor animals on days 2, 4,
| 6, and 10 post-infection, or an the day the donor animal died; survival was recorded up to 12 days post-transfusion,
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Figure 2 Changes in weights of ferrets (recipients) transfused with blood from infected donor animals, Ferrets {recipients) were
transfused with blood from infected donor animals on the day postinfaction when blood was collected, day 2 (A), 4 (8), 6 {C), 10 (D). The

weights of ferrets were measured daily. The loss or gain of weight was calculated for each ferret as the percent ¢change in the initial mean starting
L weight on day 0. Values are the averages = 5D for the ferret(s) alive for each group.

Table 2 Changes in body temperatures of recipients animals

Day Day 2 Collected Day 4 Collected Day 6 Collected Day 10 Collected

Post- transfusion tow dose High dose Low dose High dose Low dose High dose Low dose High dose
0 ' 000076 C.00+193 000+1.73 000+ 1.02 000095 000+£1.40 000 £091 000+ 1.54

1 200104 254+£0.30 063 +1.13 350+1.13 1.23+£047 150+ 095 003 +1.51 —130+£029
2 0831072 2442200 - 1434197 453145 1.13+£ 050 227 %244 1.00+1.08 -013+128
3 3434044 444+071 050219 293+154 183025 260£131 1.73£065 -1.13£218
4 206+ 1.82 277+£283 -0.80£1.80 -062+£1.20 197£1.88 320181 =194 £085 —-163+325
5 110%£148 207 =000 -1.03+098 473000 237 +076 280157 240055 082£035

6 1.06+0.78 002148 -073+224 393+000 297 +£072 275276 0361380 —-193£354
7 046+ 068 3024191 —-105+£007 323+£000 077+1.80 320£240 183219 -088£0.35
8 046£1.16 1372127 065+134 - 3434000 . 107035 250269 026091 007 £000

9 020+1.22 192247 —0.60£0.71 1.73£000 127 +£172 350£255 1532026 0407 +0.00

10 030045 212+£191 —2.95 %163 3.83+000 1130 240+ 269 ~-164£219 007 £0.00

" 1.20£057 0.32+290 130£1.56 273£000 © 290075 3854247 =017 £1.77 0.07 +C.00

12 133£219 ~1.78+ 064 =170=057 -0.87 +0.00 -023£122 210+ 0,74 2131069 007 £0.00

Average m 177 -0.33 254 142 252 058 -071

Note: Ferrets (recipients) were transfused with bload from infected danor animals on the day when blood was collected (Day collected), and body temperatures

were monitored daily by the use of subcutanesus implantable temperature transponders for 12 days past-transfusion, Each data point represents the mean”
value  SD for the surviving ferrets.
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Table 3 Viral load (fg/ml} in blood of ferrets (donors) infected with H5N1 virus, A/VN/1203/04 and the ferrets
(recipients) transfused with blood from their appropriate donors using the RT-qPCR

Donors

. Recipients
Group Animal Day post-  Virus load (fg/ml} Survival (days  Animal Day post-  Virus load (fg/ml) Survival (days
code  infection (mean +50) posttransfusion) code  challenge (mean £ 5D) posttransfusion)
Low dose 51 2 0? >12 63 248 0 , >12
6 0 >12 &7 248 o »12
52 2 0 >12 64 248 0 >12
6 0 >12 68 248 o ' >12
53 2 0 >12 66 248 ¢ >12
6 0 >12 69 248 0 >12
54 4 0 >12 70 2 8.12x10% %517 x10° 6
577 10° £ 690 % 10°
402 % 10°+3.94 % 10°
10 0 212 73 248 0 >12
55 4 0 >12 71 248 0 ‘ >12
10 762x10%£131%10° >12 74 248 0 >12
56 4 C >12 72 248 0 ' >12
10 0 >i2 75 4 133% 107 £ 959 ¢ 10° >12
High dose 57 2 0 7 76 248 0 >12
6 494 x 10° 527 x 10* 79 8 211 x10° £ 423 x10° >12
58 2 0 >12 77 248 0 >12
6 0 80 248 0 >12
59 2 762x10*£357 x 10° 6 - 78 2 230%10°£258x 10 4
6 193x 107 £ 695 x 10° a1 2 201%10% £ 1.60% 10° 5
‘ 4 B59% 10"+ 563 x 10°
60 4 0 7 82 2 451 % 10°+ 965 x 10* 4
7 2123107 235 % 10% 85 2 581x10° £365%10% 7
4 118% 107 £5.99 % 105
61 4 0 8 83 248 o >12
8 228x10°£594 % 10° 86 4 479%x10*+254 % 16° 1
62 4 510%10°+£237 % 10% 8 84 2 976x 10" £3.14%10% 5
167 % 107 £ 5.96 % 10°
1.33%10% 659 % 10° 87 248 0 »12
PBS 49 4 0 88 0 >12
50 6 0 89 8 0 >12
62 10 0 90 8 0 . >12

Note: a) 0 indicates that viral load could not be detectable in our experiment condition. -

from the high dose group, viremia was detected in the
blood of their recipients. Also some recipients given
blood from the high dose group had higher levels of
viral RNA than their donors on the day that blood was
collected (Table 3). Figure 3C showed that 1/1 (100%),
or 4/4 (100%) recipients of blood collected from donors
on day 2 or day 4 post-infection displayed increased viral
RNA in their blood {also see Table 3) after transfusion in
both virus dose groups relative to their donors and mortal-
ity was 100%. Some recipients that survived did not show

high amounts of viral RNA in their blood after transfusion
of blood from donors at day 6 post-infection or later.
These data indicated that higher titers of viral RNA could
be detected in recipients of blood collected in the early
viremic phase compared with the late viremic phase,

Viral loads were detectable in nasal wash from recipients
Previously we reported that virus could be detected
more frequently in the nasal washes of animals in the
high dose group compared with those in the low dose
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Figure 3 Viremia and related clinical signs, 6 ferrets (donors) were infected with 1% 10%% EID50/mi (low dose} of virus and 6 other danors
were infected with 1x 10%8 EID50/m! of virus. For each challenge dose, the donor animals were divided into two groups; blood was collected on
days 2 and day 6 post-infection from cne of these groups and on days 4 and day 10 post-infection (or the day before animal died) from the
cther group. At these time points about 2 ml of freshly collected blood was transfused into its appropriate reciplent. {A). Virernia is detectable in
ferrets post-challenge. Virus RNA was isolated-from blood collected from animals on day after post-infection (doncrs)/transfusion {recipients), virus
loads were tested with RT-qPCR assay; and survival was recorded up to 12 days post-challenge. (B). % surviva! of recipient ferrets with viremia vs.
nan-viremia, Reciplents were followed up to 12 days post-transfusion; virus load was measured using an RT-qPCR assay. (C). HSNT replication in
recipient ferrets. Viral loads in blood collected from recipients on day 2, day 4, day 6, and day10 post-transfusion, were detected using the RT-gPCR
| 353, animal survival was recorded up to 12 days after challenge.

group. Viral load was detected in nasal wash samples on
day 2 in both groups [6]. In this study, we tested viral
loads in the nasal wash from recipients and viral loads
were detected in these samples {Table 5). 8/10 of recipi-
ents with viremia had detectable viral loads in the nasal
wash, and two recipient animals (#81 and #79) with
viremia did not have detectable virus in the nasal wash
(compared Table 3 to Table 5). As shown in Table 5, there
was a positive association of viral load measured using
both RT-qPCR and TCIDs, assays with Jack of survival;
generally detection of a higher viral load in nasal wash was
associated with a decreased chance of recipient survival.
Viral load testing using the RT-qPCR assay was more
sensitive than the TCID;, assay. Twelve recipients dis-
played detectable viral loads in nasal wash using RT-qPCR
assay, while only 8/12 of animals showed positive viral
loads in the nasal wash (Ig{TCIDsp/ml) >0.5) using TCIDz,
assay. These data indicate that H5N1 can be transmitted

~

by transfusion of viremic blood and that transfusion
resulted in increased virus levels in the recipient as evi-
denced by detectable viral load in the nasal wash of re-
cipients using both RT-qPCR assay and TCIDsq assays.
High viral loads in blood and nasal wash of recipients
correlated with fatal outcomes in these animals.

In summary, 4/12 recipients {33.33%) who received
blood from donor ferrets infected with low dose displayed
viral RNA in blood and/or nasal washes. 10 of 12 recipi-
ents {83.33%) who received blood from donor ferrets in-
fected with high dose had detectable viral RNA in blood
and/or nasal wash. ‘

Discussion ‘

Although H5N1 infection of humans has been associated
primarily with infection of the respiratory tract, dissemini-
ation of virus to other organs, such as the brain, has also
been reported in several cases. Virus dissemination from
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Table 4 The relationship betwean viral load (fg/ml} in
blood and ferret death (days post-challenge)

Group

Donors Recipients

Animal Survival Animal Survival

code days code days
<8x10* >8x10* <3x10% »>3x10%
Low dose 54 >12 70 6
55 >12 74 >12
56 »12 75 -
High dose 57 7 B sz
- 53 . 5 78 4
81 5
€0 ‘ 7 82 4
85 7
61 8 86 1
62 8 34 5
) ’ 87 >12

Note: data shown here enly represented either animal of both donor and its
appropriate reciplent that viral RNA can be detectable in thélr blood undet
our experiment condition. And the animals with non-detectable (nd) viral RNA
in bloed did not show here,

langs to extrapulmonary tissues most likely occurs by
viremia. The isolation of highly pathogenic influenza
H5N1 virus from the blood of 2 patients and the detec-
tion of viral RNA by RT-qPCR in the blood of 9 of 16
patients suggest that viremia can occur at high levels
and for prolonged periods in people with symptoms of
highly pathogenic influenza H5N1 virus infection [25].
Thus far, it has been shown that infection with both
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-

avian H5N1 virus [14,17] and pandemic HIN1 (swine)
virus [22] can result in viremia, which is associated with
severe disease manifestations and fatal outcomes.

Ferrets develop a productive infection after inoculation
with human and avian influenza viruses without prior
adaptation of the virus. Experimental influenza virus in-
fections of ferrets have been used to model different as-
pects of influenza in humans [26]. The human isolate A/
Vietnam/1203/04 (H5N1) is one of the most pathogenic
virus isolates; and severity of disease was associated with
broad tissue tropism and high virus titers in multiple or-
gans, including the brain. High fever, weight loss, anorexia,
extreme lethargy, and diarrhea were observed as major
clinical signs and symptoms [6]. In addition, viral RNA is
frequently detected in blood one or two days before death
and viremia is associated with lethal outcomes [6].

Detection of virus in nasal washes is a key biomarker for
influenza virus infection. In our study we showed that
transfusion of viremic blood resulted in virus transmission
in the recipient and that virus could be detected in nasal
wash using RT-qPCR and TCIDs; assays. Our study also
showed that viremia correlated with detectable viral load
in the nasal wash, and high amounts of virus in nasal wash
as detected by the TCIDg, assay was associated with
recipient death (Tables 3 and 4).

Transfusion of blood collected on day 2 or day 4 post-
infection resulted in higher levels of viral RNA in the
blood of recipient ferrets and 100% fatality compared with
levels observed in ferrets who received blood at from day
6 or later post-infection. One explanation may be that at
the later periods of infection antibody production could

Table 5 Viral loads assay in nasal wash from recipient ferrets that viral RNA could be detectable using either RT-qPCR

or TCID;, assay

Group Animal code Day post- transfusion Viral RNA (fg/ml) lg (FCID5o/ml) Survival (days
) (mean + 5D} post-transfusion)
Low dose 70 1.20% 10° £ 598 x 107 <05 6
136 107 £ 450 x 10° 36
74 6.58x10%£254%10* 05 >12
75 ’ 13 163%10° £392% 107 <05 12
6 14 201 x10°£224%10° <03 >12
High dose 78 2 909x10° £682 % 10° 1
82 2 21 10°:413 % 10° 15
84 2 773x10%+£1.29%10° <05 5
4 653 x 1054543 x 10° 384
85 2 275108 £ 1,14 %107 484 7
3 251% 107 £852% 10° 05
86 2 272% 76" +£245 % 10° 15 n
87 2 1.32x 107 £ 597 x 163 15 >12
83 4 452 % 10% £ 257 x10° <05 >12
80 14 171%10° 998 x 10° <05 >12
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have been initiated which would reduce potential for
transmnission by itnmune complex formation (Additional
file 1: Table S1). However, these aspects of influenza trans-
mission by viremic blood would need.to be explored
further.

The highly pathogenic influenza virus H5N1 has been

shown to infect multiple human organs other than the
lungs, suggesting that H5SN1 can replicate in these or-
gans. Quantitative RT-PCR showed that high viral load
is associated with increased host responses [14], High
viral loads have been found in lung, brain and blood
from ferrets infected with H5N1, A/VN/1203/04 and
virus could replicate in these tissues and damage cells in
these organs [6]. It has been reported that Influenza A
virus can infect and replicate in T lymphocytes and pet-
ipheral blood mononuclear cells (PBMCs) [27], primary
T cells, and Jurkat cells [28]. Currently, it is not known
whether H5N] viruses replicate in PBMCs and the type
of cells in PBMCs that could support replication needs
further investigation.

Conclusions

In conclusion, our study has shown that highly pathogenic
influenza A virus H5N1 can be transmitted through blood
transfusion in a susceptible ferret model under certain
conditions. These findings suggest that highly pathogenic
influenza strains may have broader tropism and therefore
may be transmitted by mechanisms other than the naso-
pharyngeal route. Although our current study does not
provide direct evidence of virus replication in blood,
H5N1 replication in blood cells may warrant further
exploration.

Additional file

Additional file 1: Table $1. Hemagglutination inhibition assay with
blood from ferrets challenged with HSN1 virus, A%VN/1203/04. Figure 5¥,
Allgnment and compare of partial sequence of wild type (Infection) M
(rmatrix) gene of HSN1 virus with these sequenced from bloods of some
recipients.
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Background and Objectives The English transfusion service has screened
donations from malaria-risk donors for malarial antibodies for over 10 years. The
donor population includes migrants from many malaria-endemic countries and,
from our experiences with post-transfusion malaria, some of these may remain
parasitaemic and need clinical review.,

Yox Sanguinis

Materials and Methods Malarial antibody screen-reactive donations with
serological evidence of malaria identified by the reference laboratory were
further investigated for the presence of malarial DNA.

Results Malarial DNA was found in 14 of 1955 samples investigated; three
P. falciparum, five P. vivar, three P. ovale, two P. malarize and one dual

parasitaemia P. falciparum/P. malarige. All of these were donors whose malaria
risk was residency rather than travel.

Conclusion Malarial parasitaemia in healthy donars occurs, and donor malaria-
risk strategies must take into account the possibility of such donors presenting.
Countries not utilizing malarial antibody screening should consider carefully the
collection of donations from donors previously resident in endemic countries;
temporary deferral is insufficient.
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born and raised in UK travelling to endemic areas or from

donors who were born in or have lived in endemic
Malaria may be transmitted through transfusion of red countries. To address these risks, the English transfusion

cell products or components containing sufficient red service (NHS Blood & Transplant — NHSBT) implemented a
cells. Transmission of malaria parasites into a malaria strategy of routine malarial antibody screening of donors
naive individual in this way is likely te give rise to seri- identified to have a malaria risk [1, 2]. The screening out-
ous clinical conseguences, with a high risk of mortality comes are either a negative result with the assumption of
from at least one plasmodium species, if not identified absence of infection — the donation is released to inventory,
and treated quickly. or a reactive result — the donation is discarded, but requir-

Introduction

Although UK is not endemic for malaria, its blood
supply carries a specific malaria risk either from donors
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ing the status of the donor to be determined.

Although numerically the largest group of malaria-risk
donors comprises those born and raised in UK and who
travel - to endemic areas (travellers), the highest risk of '
malaria infection rests with those donors whose risk is
being born in, or having previous residency in, an
endemic area. Whilst the majority of such individuals
whose screen reactivity is subsequently confirmed to be
specific are demonstrating serological response to past,
resolved, infection, a small number may still be infected
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with a persistent low-level parasitaemia. These donors are
likely to be those categorized as 'semi-immune’, infected
with high-titre antibody and persistent low-level parasita-
emia. Such individuals originate from endemic areas with
high levels of infection with frequent exposure to malaria
parasites, leading to a dynamic balance between the
infection and the immune response to it. The existence of
such donors in UK has been demonstrated through previ-
ous transfusion transmissions of malaria [1]. Within
NHSBT, such donors are most likely to have been bomn in
or lived on the African continent, usually sub-Saharan
Africa, or the Indian subcontinent.

Although such donors are asymptomatic, apparently well
and have been assessed according to guidelines [2], there
remains the risk that their 'semi-immune’ status may change
with the consequent development of symptoms and clinical
disease. Transfusion services have a responsibility to ensure
that donors are informed of any health risks identified dur-
ing both donor and donation screening processes, NHSBT
therefore initially determined that any malarial antibody
screen-reactive donor whose reactivity was confirmed to be
specific with a scorable immunofluorescence (IFAT) titre
should be further investigated for the presence of plésmodial
DNA.

In April 2010, NHSBT's National Transfusion Microbi-
ology Reference Laboratory (NTMRL) introduced malarial
DNA testing into its malaria confirmatory algorithm, test-
ing screen-reactive donations that had the presence of
specific malarial antibodies confirmed, bhut with an IFAT
titre of 1:80 or higher. DNA testing was performed using
two RT PCRs, one specific for P. falciparum the other for

P. vivax/malariaefovale, modified from the method of

Bass [3]. Subsequently, the criteria for selection for DNA
testing were extended to include donors with any confir-
matory antibody reactivity.

This article presents the DNA data to date, confirming
the preseni:e of parasitiemia in asymptomatic blood
donors, many of whom had not visited an endemic area
for a number of years. These data are reviewed both in
terms of the findings themselves and importantly in rela-
tien to donor selection guidelines and the identification
and management of malaria-risk donors.

Methods

Donation samples

Samiples from malaria-risk denors were additionally
screened for malarial antibodies in the NHSBT Testing
Laboratories using the Trinity Biotech (previously Lab21}
Malaria Ab EIA, product code 60127/129 (Trinity Biotech,
Newmarket, UK). Screen-reactive samples were referred to
NTMRL for confirmatory testing.

Malaria confirmatory seralogy

Serological confirmation is performed using two
additional, evaluated, commercial malarial antibody
assays and an in-house P. falciparum antibody immuno-
fluorescence test (IFAT). Initially, the confirmatory assays
were the DiaPro Malaria Ab, product code MALAB.CE
(DiaPro, Milan, Italy) and the Bio-Rad Malaria Ab EIA,
product code 750001 (Diamed AG, Cressier s/Morat,
Switzerland); subsequently, the Bio-Rad/Diamed assay
was withdrawn from the market for commercial reasons.

. This was replaced by the Cellabs Malaria Ab ELA, product

code ZIKMC3 (Cellabs, Brookvale, Australia).

The IFAT is an in-house assay using P. falciparum-
infected cells, used in NTMRL since 2002 [4]. Cultured K1
strain P. falciparum-infected human red cells synchro-
nized at the schizont stage are spotted onto multispot
glass slides. Samples are diluted 1:30 and antibody
detected using fluorescent-labelled anti-human IgG
{Alexa Fluor 488; Stratech, Newmarket, UK}, Screen posi-
tives are titrated from 1:40 to 1:640. Samples titrating to
1:80 or higher are recorded as positive.

Samples giving an overall consistent pattern of reactiv-
ity with at Ieast two of the confumatory assays are
reported as 'Positive’. Samples with inconsistent reactivity
in the confirmatory assays and low-level reactivity in the
screening assay or with patterns of reactivity that could
not be considered as ‘Positive’ are reported as 'Inconclu-
sive’ and a fresh sample requested together with any spe-
cific and relevant history.

Initially, only samples confirmed o comtain malarial
antibodies and that were IFAT positive were additionally
tested for malarial DNA. Subsequently, all samples with
reactivity in any of the malarial serology confirmatory
assays were investigated for the presence of malarial DNA.

Malaria antigen detection

Samples found to be malaria DNA positive were investi-
gated to determine whether malarial antigen detection
could be an alternative to DNA testing or could prove
useful as an additional confirmatory test.

Malaria antigen detection was performed using the
BinaxNOW Malaria Antigen rapid test (Alere, Stockpon,
UK], which detects histidine-rich protein 2 (HRP2) as a
marker of P. falciparum parasitaemia and pan-plasmodial
aldolase as a marker of infection with any human malaria;
and the Cellabs Malaria Ag EIA for HRP2 [Cellabs, Brook-
vale, Australia), both following the manufacturer's instruc-
tions, except that the BinaxNOW assay was pre-evaluated
using fresh and frozenfthawed whole-blood preparations;
the samples of malarial DNA-positive donations are stored -
at —40°C. The relative sensitivity of both assays was

© 2014 Crown Copyright. Vox Sanguinis © 2014 Internationat Society of Blood Transfusion.
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assessed using the WHO 1st International Standard for
P. falciparum (1 x 107 iu/mi) (NIBSC, South Mimms, Eng-
land), diluted from 1 x 107 to 0 iu/ml in tenfold dilutions
in whole blood. The samples were tested as fresh dilutions
(BinaxNOW) and frozen at —40°C for at least 24hr, thawed
at 37°C and tested {Cellabs Malaria Ag EIA and Binax-
NOW). The stored samples from the malarial DNA-positive
donations were thawed at 37°C and tested undiluted.

Malarial DNA detection

From April 2010, samples from confirmed malara serol-
ogy-positive donations with an IFAT titre of 1:80 or greater
were tested for malarial DNA. From February 2013, sam-
ples from donations with reactivity in any of the confirma-
tory serology assays were tested for malarial DNA.

Prior to DNA extraction, the buffy coat is removed
from each sample. The samples are then re-mixed and the
DNA extracted using the Qiagen whole-blood extraction
kit, product code 951054, run on the Qiagen EZi
Advanced XL (Qiagen Ltd, Manchester, UK). Extracts are
stored at —40°C prior to performing PCR,

Detection of plasmodial DNA is performed using a modi-
fication, addition of an internal control, to the real-time
Tagman PCR method of Bass [3]. The published methodol-
ogy is a single tube duplex utilizing a single set of primers
with two probes, one specific for P. falciparum (PE), the
other specific for a sequence common to P. ovale, P. vivar
and P. malarige (OVM), but does not include an internal
control (IC). To include an IC, and retain sensitivity and
specificity, the assay was split into two specific assays and
run as a pair, both having an IC. The plasmodium-specific
primer and probe sequences are as published, but the flu-
orophore used for the OVM probe was changed from VIC to
FAM. The IC is a previously used sequence of the human -
globin gene, the specific primers and probe, which are
included in both PCRs. Table 1 details probe and primer
sequences and reaction concentrations. '

Five microlitre of DNA extract is added to a 25 ul total
volume reaction mix containing 12.5 pl of Agilent Bril-
liant Multiplex QPCR master mix (Agilent Technologies,
Wokingham, UK}, I pl each of malaria-specific primers,
0-5 ul of IC primers, 0:5 pl of malaria-specific probe, and
0-5 ul of IC probe (TIB Molbiol, Berlin, Germany} and
3.5 pul dH,0. The PCR is performed on the Strategene
MX3005p real-time PCR system (Stratech, Newmarket,
UK), parameters: 95°C for 15 min, followed by 55 cycles
of 95°C for 60 s and 60°C for 60 s.

DNA quantitation

Plasmodial DNA levels in the P. falciparum DNA-positive
donors were estimated using the P. falciparum PCR with a
standard curve prepared from the 1st WHO Plasmodium
Salciparum DNA standard {NIBSC, South Mimms, England)
set at 1 IUfml (approximately 0-5 gEg/ml). The lack of
suitable standardized material currently prevents the
quantitation of the three other human plasmodium species
in this laboratory; suitable hpproaches are being investi-

gated.

Referral of DNA-positive donors

Afteinpts are made to contact the DNA-positive donors to
offer clinical advice. The DNA-positive donors were re-
contacted at least 3 months after the initial contact to

determine whether they had taken up the offer of specialist
advice,

Results

Malarial antibody screening and confirmation

From April 2010 until the end of August 2013, a total of
138,782 donations were identified as malaria risk and
screened for malarial antibodies. Of these, 4302 (3-100)

* Table 1 Sequences of malaria-specific and internal control primers and probes

Primer/probe Sequence

Reaction
concentration

F. falciparum probe

P, falciparum forward primer
F. falciporum reverse primer
P. ofv/m probe

P, ofv/m forward primer

P. ofvfm reverse primer
B-globulin prabe

B-globulin forward primer
B-olobulin reverse primer

5" 6FAM-TCTGAATACGAATGTC-MGRNFQ 3/

5" GCTTAGTTACGATIAATAGGAGTAGCTTG 3

5 GAAMATCTAAGAATITCACCTCTGACA 3

5 BFAM-CTGAATACAAATGCC-MGBNFQ -3/

5 GCTTAGTTACGATTAATAGGAGTAGCTIG &'

5' GAAAATCTAAGAATTTCACCTCTGACA 3

5 HEX-AAGGTGAACGTEGATGAAGTTGGTGG-BHO 3
5 GTGCACCTGACTCCTGAGGAGA 3’

5" CCTTGATACCAACCTGCCCAG 37

200 nm
300 nm
300 nm
100 hm
450 nm
450 nm
20
100 nm
100 nm

Bold identifies the fluorephores used for the probes.

© 2014 Crown Copyright, Vox Sanguinis © 2014 International Seciety of Blood Transfusion.
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were reactive on the primary malarial antibody screen
and the samples referred to NTMRL for confirmation.

Of those referred for confirmation, 1170 {27-20%),
overall 0-84% of those screened, were reported as malar-
ial antibody positive, 2059 {47-9%) as malarial antibody
negative and 1073 (24-9%) as inconclusive, The report
of ‘Inconclusive’ is given where, from the results of

investigations on that sample, no clear conclusion could:

be drawn about the malarial antibody status of the
donor.

Malaria antigen detection

Both the Cellabs Malaria Ag EIA and the BinaxNOW assays
picked up the WHO ist International P. falciparum Stan-
dard diluted to 1 x 10° jufml. No difference was seen with
this dilution series when testing the BinaxNOW assay with
fresh or frozen/thawed whole blood. '

None of the malarial DNA-positive donations identified
were detected by either malaria antigen assay.

Malarial DNA detection

From April 2010 until the end of August 2013, a total of
1955 samples were tested for malarial DNA. Of these,
1594 (81-5%), April 2010 untll January 2013, were
selected on the original basis of having a positive IFAT
titre, and subsequently, 361 (18-5%), from February 2013
onwards, on the basis of reactivity in any of the confir-
matory serology assays. .
Of those tested, 14 (0-7%) were found to be DNA posi-
tive. Four (28:6%) were positive on the P. falciparum assay

and 10 (71-4%) on the P. ovale/vivax/malarige assay. All
14 donors were subsequently confirmed to be malarial
DNA. positive, and the OVM positives speciated, by the
Department of Clinical Farasitology, Hospital for Tropical
Diseases, London. Thirteen of the donors were confirmed as

~ having clear serological evidence of malaria infection, but

one had been recorded as having inconclusive serology.
This donation was erroneously tested for malarial DNA, but
found to be DNA positive (Sample ID 209306).

The serology and DNA results, speciation and basic
donor risk data for the 14 DNA-positive donors are ,
presented in Table 2. Three (21%) of the donors were
infected with P. falciparum, 5 (36%) with P. vivax, 3
(21%) with P. ovale, 2 (15%} with P. malgrige, and 1
(7%) had a dual parasitaemia with both P. falciparum
and P. malarine confirmed. All four P. falciparum-posi-
tive donors were IFAT positive, as were both of the
P. malarige donors and two of the three P. ovale
donors, ’

The donor demographics and detailed risk informa-

.tion for the 14 malarial DNA-positive donors are pre-

sented in Table 3. All were first-time donors. Twelve
(86%) of the domors were male; mean donor age at
time of donation was 27 years (range 19-44 years). All
of the DNA-positive donors had a residency risk of
Affica, India and Pakistan; three of the donors subse-
quently declared a history of malaria, one of them only
8 months prior to donation. The mean time from last
return from an endemic area was 2-6 years (range 1-
7 years).

The DNA quantitation data available are presented in
Table 4.

Table 2 Malarial DPNA-pasitive donors identified; serology and DNA results and declared risk

Confirmatory serology assay results®

Sample Serology fFAT  Plasm. Qverall risk

iD screen result’ DiaPro Cellabs Diamed titre . Spp category

009839 7-48 6-76/6-90 16-54/17-05 521[4-20 1/640 Pf Previous residency; no history of malaria
100255 7:51 0.69/0-62 19.09/18-79 11-39/13.26 1/640 PF Previous residency; no history of malaria
208922 2661 1.49/1-83 13-94/14-4 NT 1/640 43 Previpus residency; no history of malaria
204137 8612 0-44/0-48 25.97/25-83 ° 7.79/8-27 1/640 PtfPm Previous residency; no history of malaria
71908 714 0-748/1-0 13-71/13.80 NT 1/640 Pm Previous residency; no history of malaria
216512 275 0-36/0-34 9.89/8-41 NT 1/320 Pm Previous residency; no history of malaria
103461 1.82 2.39/2.48 0-83/0-92 4.07/3.55 1/80 Po Previous residency; no history of malaria
114294 19:36 0-37/0-38 9.12/9.64 2.77/3.07 11160 Po Previous residency; malaria in 2006
209308 465 0-39/0-43 1-88/2-04 NT Neg Po Previous residency; malaria in 2006
102726 84.15 4.73/4-61 23.57/23.57 7.52/6:28 Neqg Pv Previous residency; no histery of malaria
105435 96-39 2.30/2-65 12:37/12.84 4.00/4-46 Neg Pv *Previous residency; no history of mataria
205176 76-44 5.64/5.77 6-45/8-03 4.70/4-69 Neg Pv Previous residency; no history of malaria
302327 99.79 5-05/5-95 9.11/9.32 NT Neg Pv Previous residency; malatia in 2012
312209 76:797 10-5/10-5 5.418/5.976 NT Neg Pv Previous residency; no history of mafaria

ZAll immunoassay results expressed as sfca ratios,

NT, not tested.
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Table 3 Donor demographics and time since last possible exposure for malarial DNA-positive donors

Years Specific
Sample Plasmodium Donor sincelast risk Take-up
ID Date bled sp. Sex age” exposure. information of advice
008839 14{08/2010 Pf M 19 1 From Nigeria, came to UK Danor in contact
’ in Sept 2009. No hjo with GP
malaria; no revisit
100255 31/12{2010 Pf M 34 5 From Ivary Coast, came to Nd cantact with
UK in 2005, No hjo donor
malaria; no revisit
208922 24[06/2012 Pf F 31 3 From Nigeria, came to Saught treatment
UK in 2008. No h/o
malaria; ng revisit
204137 19/03/20t2 PiiPm M 30 2 From Ghana, came to Pravided additianal
' UK in 2009. No hfe samples and sought
malaria; revisit in 2010 treatment
211808 28/08/2012 Pm M 31 1 From Nigerig, came to No contact with
UK in 2011. No hfo donor
malariz; ne revisit
216512 06{12f2012 Pm M 35 5 Fram Nigeria, came to Donar contacted but
! UK in 2004, last visit no information
endemic area 2007 available
1634861 14/03/2011 Po M 44 7 From Nigetia, came to Donor provided
UK in 2004. No hio additional samples
malaria; no revisit and sought treatment
114294 10/11/201 Po F 2 3 From Nigeria, came to Made appointment at
UK 2008, malariz aged HTD but did not attend
. 16. No revisit
209306 29/06{2012 Po M 26 3 Fram South Africa, came No contact with donor
ta UK in 2000, Malaria
2008, No revisit
102726 01/08/2010 Pv M 21 1 Fram [ndia, came to UK Donor in contact
in 2009. No hje malaria; with GP
no revisit
105435 28/04/2011 Py M 23 1 Student from India, came Initial treatment but
to UK in Qct 2010. No did not atterd ffu
hfo malaria; no revisit
205176 11/04/2012 Pv M 21 1 Fram Pakistan, came UK Initial advite to donor
in Feb 2011. No hje but no further
malariz; no revisit information
302327 15/02{2013 Pv M 26 1 Born India, lived in Africa Donar contacted but
and Dubai, came to UK na infermation
in 2011. Subsequently avaitable
declared had malaria
in June 2012
312209 29/08/2013 Pv M 2 Born Pakistan, came to

22

UK in 2011, No hjo
malaria, no revisit

Donor contacted bug
no information
available

*Danor age at time of donation.

Uptake of specialist advice

At the time of submission, 11 of 14 donors {71%) had
responded to contact. Despite numerous attempts, three
donors have not responded to any means of contact, Of

those responding to the initial notification of their para-
sitaemia, seven of 11 (64%]) responded to the follow-up
‘contact asking if specialist advice had been sought. The

outcomes are presented in Table 3.
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Table 4 Malarial DNA quantitation

Sample Plasmodivm Calculated P, falciparum
ID spp. DNA level

009339 Pf No sample available
100255 Pt 5615 fufml

204137 P{/Pm 70 iufml

208922 Pf 70387 iu/ml
Discussion

Since the implementation of malarial DNA testing, malar-
ial DNA has been found in 14 donations out of a total of
138,782 malaria-risk donations screened. The 14 dona-
tions were obtained from 14 different donors; thirteen of
these donors had confirmed serological evidence of
malaria, whilst 1 had been reported as having inconclu-
sive malarial serology. Importantly, all 14 donors are
from the ‘residency’ risk group, none were ‘travellers’
{Table 2). Three of the donors subsequently admitted hav-
ing malaria in the past; in one, this was only 8 months
prior to donation and, if declared at donation, would
have resulted in deferral. Audit of the uptake of specialist
advice showed that only 7 (50%} of the .DNA-positive
donors had made contact and taken up the offer of spe-
cialist referral. '

These findings are significant for a number of reasons;
the data serve to underline the significant risk of malaria
entering the English blood supply through donations from
‘at-risk’ (primarily residency-risk) donors; they wvalidate
the underlying rationale for NHSBT's approach to miti-
gating malaria risk; the serology associated with these
donations demonstrates the varfability in malaria anti-
body assays ~ the need for care in assay selection and in
the interpretation of their results; they highlight flaws in
donor selection policies that allow the blanket reinstate-
ment of ‘residency-risk’ donors without the need for
malarial antibody testing.

Malaria is a problem for transfusion services in non-
endemic countries whose donors either travel to or
include migrants from endemic areas. UK is ethnically
very diverse; migrants from most parts of the world have
settled here, and many attend blooed collection venues to
donate. Approximately 35-45,000 blood donations per
year are collected by NHSBT from malaria-risk donors
and require malarial antibody screening; appreximately,
20% of these donors have residency as their risk (data
collected but not presented, October 2013). Additionally,
migrants also donate tissues, stem cells and organs.

Strategies for dealing with malaria vary from the blan-
ket deferral of malaria-risk donors currently applied, for
example, in the United States [5), to the strategy adopted

by NHSBT and other countries [1, 6-8], that of up to
§ months deferral followed by malarial antibody screen-
ing. Whatever approach is taken, however, the effective
identification of malaria risk in the doner is critical.
Malaria risk is a cumulative issue, and potentally
significant numbers of malaria-risk donors may be
unnecessatily deferred if the problem is not actively
managed [5]. Our experience of fatal cases of transfusion-
transmitted malaria [1} together with the significant
numbers of malaria-risk donors in UK required specific
action; since the implementation of the current malaria
guidelines, no cases of transfusion-transmitted malaria
have been identified [10].

Malarial antibody screen-reactive donations  are
referred to NTMRL for confirmation. Serological
confirmation is undertaken using additional (confirma-
tory) malarial antibody immunoassays together with an
in-house P. falciparum IFAT. The status of the donor is
determined from the pattern of reactivity obtained.
However, in some cases, interpretation of malaria
confirmatory results can be subjective, and the donor's
specific malaria risk/history may be useful in reaching a
conclusion about their malaria status. Within the 27% of
screen-reactive donors subsequently confirmed as having
serological evidence of malaria, there will be semi-
immune individuals. The inclusion of malarial DNA
testing as an adjunct to our malaria confirmatory
algorithm was primarily to identify semi-immune donérs
who may benefit from clinical review.

Although our original approach included only those
donors who were IFAT reactive (titre 1:80 or higher), an
error resulted in the DNA testing of an IFAT-negative
donation with inconclusive malaria serology. That this
donation was found to be malarial DNA positive, con-
firmed as P. ovale, was of interest and concern, and trig-
gered review of our confirmatory malaral serology in
conjunction with review of the serological findings for
the DNA-positive donors. This resulted in changing the.
malarial DNA testing selection criteria to include all
donors with any serological reactivity in the confirmatory
assays. .

The serology data for the 14 DNA positives (Table 2)
are variable, Whilst some general patterns can be seen,
none of the assays used are consistent in their ability to
detect malarial antibedies, both in the detection of the
four human species and the detection of all examples of
the same species. Specific sensitlvity evaluation of the
serological assays used has been performed, and in the
case of the Trinity Biotech assay published some years
ago [4], it is our intention to publish our evaluation of
the other assays as soon as possible,

It is unfortunate that the PBio-Rad/Diamed malarial
antibody assay was withdrawn from the market, making
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the serology data set incomplete, as the Bio-Rad/Diamed
results that are available indicate that the assay had the
best overall sensitivity of the ‘confirmatory assays',
matching closely that of the “Trinity Biotech screening
assay. As the Trinity Biotech assay is currently the only
malarial antibody assay considered suitable for the use
for donation ' screening within the UK, and other
countries, the results obtained have to be taken as the
‘baseline level of performance’ for malaria serology, and
all other assays compared with it. The assay uses the
recombinant proteins P. falciparum MSP 1 and P. vivar
MSP 1 & 2, and it can be seen that it signals consisiently
higher with P. vivax, and, although in most cases giving
clear-cut reactivity, variably with the other three species.
The Bio-Rad/Diamed assay detected all eight of the
samples tested, but the Cellabs and Diapro assays demon-

strated more variable and inconsistent reactivity. It has to

be concluded that the performance of the available
malaria antibody assays is relatively poor, thus compli-
cating the confirmation of malarial antibody screening
reactivity, Even with a combination of serology assays,
the status of a significant percentage of the screen-reac-
tive malaria-risk donors cannot be reliably determined on
" the index sample. The addition of malarial DNA testing
provides interesting and useful data, but the majority of
these donors are not parasitaemic, and therefore, DNA
testing does not help resolve inconclusive malaria
serology.

As would be expected, the IFAT was strongly reactive
in all 4 P. falciparum cases, but hoth of the P. malarige
cases and two of the three P. ovale cases were also IFAT
reactive. Looking at the risk of these donors, although
there is specified cross-reactivity in the IFAT, it is also
possible that the TFAT reactivity results from previous
P, falciparum infection (either dual or sequential
infection) with high-titre P. falciparum antibody remain-
ing, and, except for the 1 dual infection, without any
detectable parasitaemia. All three P. malarize cases and
the 2 IFAT-positive P. ovale cases were from West Africa
where P, falciparum is endemic and at a high level. The
IFAT-negative P. ovale case is from South Africa where
P. falciparum is not present at such a high level. All of
the P. vivax cases were from the Indian subcontinent.

The us¢ of malaria antigen assays to help elucidate
malarial antibody screening reactivity has been reporied
[6, 8] and in some cases used as part of their primary
donation screening strategy [11, 12], although in non-
endemic countries no specific benefit has been reported.
Using two different types of antigen assay, but bath
demonstrating a similar sensitivity using the available

-P. falciparum international standard, we failed to detect
antigen in any of the 14 donations. However, when the
estimated sensitivity of the malaria antigen assays is

compared with the estimated malarial DNA levels in
these donors, it is unsurprising that the antigen assays
failed to detect; their sensitivity is at least one order of
magnitude lower (10° iw/ml) than the highest malarial
DNA level in those donations whose malarial DNA could
be guantitated {7 x 10% ju/ml). This is hkely to be the
reason why in non-endemic countries malaria antigen
assays do not generate any yield; their sensitivity is too
low to detect the low-level parasitaemias in semi-im-
mune donors, but who are no longer being constantly
challenged by bites from Plasmodium carrying
mosquitoes. ‘

Probably, the most important outcome of this work,
however, is to provide a sig'niflcant body of evidence to
demonstrate that malaria risk, in terms of parasitaemia,
can persist for a number of years since last possible expo-
sure, without any symptoms in the individual,

Presentation of P. malarige long after cessation of
exposure to infection is well documented, in 1 case for at
least 40 years [13], but late presentation of P, Jalciparum
is less well recognized, with some authorities considering
that the duration of infection does not exceed 12 months
[14]. Furthermore, cases of spontaneous recovery from
P. falciparum infection in under a year by patients
undergoing malaria therapy for neurosyphilis have been
detailed [14]. In conirast, D'Ortenzio [15] conducted a
case—control study of prolonged P, falciparum infection
in immigrants in Paris, similar pattern of imported
malaria to that seen in London. Over a 10-year period, of
2680 diagnosed cases of falciparum malaria, 10 cases
(five pregnant women; two HIV-positive patents; three
first-arrival immigrants) presented more than 2 years
after arrival. Whilst pregnancy and HIV positivity would
result in donor deferral, cases in first-arrival immigrants
are refevant to transfusion practice.

Theunissen et al. [16] reported P. SJalciparum malaria
in a patient who had migrated from Guinea-Conakry to
Belgium more than 9 years previously with no reported
travel outside Belgium during that time. The case was
reported as a possible example of suitcase malaria. A
friend had visited from Guinea-Conakry 2 weeks prior to
his illness and stayed in his home for 7 days, though
long-term persistence of parasitaemia cannot be entirely
excluded,

Howden {17] also reporied a case of P. Jalciparum,
malarla in a patient 9 years after they migrated from a
malaria-endemic (Sudan) to a non-endemic area (Victoria,
Ausiralia). The patient had not been near an airport in
the preceding 6 months, making airport malaria unlikely.
The patient had suffered multiple episades of unexplained
fever and led ultimatély to massive splenomegaly, sug-
gesting the case represents chronic malaria, persisting
over a 9-year period,
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The last confirmed case of transfusion-transmitted
malaria in UK [1] was from a previous resident still par-
asitaemic 8 years after last return from an endemic area
and led to the development and implementation of our
cuirent strategy of requiring all donors with a residency
or history of malaria risk to require malarial antibody
screening at least 6 months after their last return from
an endemic area, no matter how long ago that was. The
data generated from this work clearly demonstrate that
any donor with residency or previous diagnosis of
malaria as their risk must only be allowed to donate if
malaria antibody negative at least 6 months after their
last return from an endemic area. Overall, the NHSBT's
malaria strategy has proven to be effective both in the
release to inventory of the majority of donations from
malaria-risk donors, and in the identification of a popu-
lation of 'malaria high-risk’ semi-immune donors who
demonstrate the need for such strategies. The DNA
screening of malarial antibody screen-reactive donors
with reactivity in the malarial antibody confirmatory
assays used will continue.

The Public Health England Cryptic Malaria Guidance
{18) recommends that ‘where the interval between leaving
a malarious area and the detection of malaria parasites
exceeds 6 months for Caucasian people with P. falcipa-
rum, 12 months for people of other ethnic groups with
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Guidance for Industry

Recommendations for Donor
Questioning, Deferral, Reentry and
Product Management to Reduce the

Risk of Transfusion-Transmitted
Malaria

This guidance is for immediate implementation.

FDA is issuing this guidance for immediate implementation in accordance with

21 CFR 10.115(g)(4)(i). Submit one set of either electronic or written comments on this
guidance at anytime. Submit electronic comments to hitp://www.regulations.gov. Submit
written comments to the Division of Dockets Management (HFA-305), Food and Drug
Administration, 5630 Fishers Lane, Rm. 1061, Rockville, MD 20852. You should identify all
comments with docket number [Docket No. FDA-2000-D-0187 (formerly Docket No. 2000-D-
1267)].

Additional copies of this guidance are available from the Office of Communication, Outreach
and Development (OCOD), 10903 New Hampshire Ave., Bldg. 71, Rm. 3128, Silver Spring,
MD 20993-0002, or by calling 1-800-835-4709 or 240 402 7800, or email ocod@fda.hhs.gov, or
from the Internet at
http.//www.fda.gov/B1olozlcsBIoodVaccmes/GuldanceCompl1anceRegulatorvlnfonnatmn/(}mda
nces/default.htm.

For questions on the content of this guidance, contact OCOD at the phonte numbers or email
address listed above.

U.S. Department of Health and Human Services
Food and Drug Administration

Center for Biologics Evaluation and Research
August 2013

Updated August 2014



Guidance for Industry

Recommendations for Donor
Questioning, Deferral, Reentry and
Product Management to Reduce the

Risk of Transfusion-Transmitted
Malaria

Note: Changes have been made to update the “Guidance for Industry: Recommendations for
Donor Questioning, Deferral, Reentry and Product Management to Reduce the Risk of
Transfusion-Transmitted Malaria” dated August 2013, including:

« Updates to recognize revisions to certain flow charts contained in the accompanying
materials for the Full-Length Donor History Questionnaire (v.1.3 dated May 2008) and
Abbreviated Donor History Questionnaire (v.1.3 dated December 2012) prepared by the
AABB Donor History Task Force, as acceptable for use in screening donors of blood and
blood components for risk of malaria (see new section VI).

s Revised recommendations in section VII on how licensed establishments must report the
. implementation of the recommendations contained herein to FDA.

U.S. Department of Health and Human Services
Food and Drug Administration

Center for Biologics Evaluation and Research
August 2013

Updated Angust 2014



Contains Nonbinding Recommendations

Table of Contents

I INTRODUCTION.....iiiiiiririsnisnsarssennssessesissesissmsesssssssssassassssssassasssesssssssssassssansassassssssessres 1
I BACKGROUND ..oovrrrrrmrrnrrnn e AR AR AR RR AR R 2
III.  DEFINITTIONS ..c.iiiniviirmtismsansisnsssssssssissesssssnssssessess sssatsasssssssssntssesssnsasassassesassssssssssssassans 4
IV.  RECOMMENDATIONS.......ccctorirreaensrsmssrsssesssemsanssssnsrsssssssssssnsssnssessisssssssssssassessasons 5
A, Donor HiStory QUeStiONNAIIC.. . urermersrscsrermssssssosssessssnsssasssssesssssssssssassssesssses 5
B. Donor Deferral and Reentry .....iuciesisiesissmmiisimmmssnsmssssssonssmseses 5

C. Product Retrieval and Quarantine, and Notification of Consignees of Blood
and Blood Components......iiiciiiisimmisismosmimmessess 6
D. Product Disposition and Labeling ... 7
E. Reporting a Biological Product Deviation (BPD) ........ccoccecresrernrnrnsensrersasasssssens 8
V. ADDITIONAL CONSIDERATIONS ....cociiierismssssisassssssmsmssssssmssssssssssssssssssassssnsansnsssses 8

VI. RECOGNITION OF THE REVISED DONOR HISTORY QUESTIONNAIRE

(DHQ) DOCUMENTS ..ot rieminsseresnsssnssissssessssssessssssesssssssssssssesssssssssssss ssssessssssssisssssasscanes 8
"A.  Recognition of the Revised DHQ DOCUMENTS ...cvucrvsereerssresemssosssossensseessenssessosses 8
B. Implementation of the Acceptable DHQ DocUmMENTS ..cccvvercsisnssssscssssssnnacsnsens 9
VII. IMPLEMENTATION OF RECOMMENDATIONS.....ccevnnevisisnsencens e 10
VIII. REFERENCES..iiiiiniiimsniniimsiiomissssisssssssassssssesssssssssssssssssssasssssses 12



Contains Nonbinding Recommendations

Guidance for Industry

Recommendations for Donor Questioning, Deferral, Reentry and
Product Management to Reduce the Risk of Transfusion-
' Transmitted Malaria

This guidance represents the Food and Drug Administration’s (FDA’s) current thinking on this
topic. It does not create or confer any rights for or on any person and does not operate 10 bind
FDA or the public. You can use an alternative approach if the approach satisfies the
requirements of the applicable statutes and regulations. If you want to discuss an alternative
approach, contact the appropriate FDA staff. If you cannot identify the appropriate FDA staff,
call the appropriate number listed on the title page of this guidance. '

I INTRODUCTION

This guidance document provides you, blood establishments that collect blood and blood
components, with our, FDA’s, recommendations for questioning and deferring donors of blood
and blood components, allowing their reentry, and product management to reduce the risk of
transfusion-transmitted malaria. The recommendations contained in this guidance apply to the
collection of Whole Blood and all blood components with the exception of Source Plasma.
Donors of Source Plasma are excluded from deferral due to malaria risk under Title 21 of the
Code of Federal Regulations 640.63(c)(9) (21 CFR 640.63(c)(9)).

This guidance supersedes the guidance of the same title dated August 2013 (78 FR 50421,
August 19, 2013), which in turn finalized the draft guidance entitled “Recommendations for
Donor Questioning, Deferral, Reentry and Product Management to Reduce the Risk of
Transfusion-Transmitted Malaria” dated June 2012, and superseded the FDA memorandum to all
registered blood establishments entitled “Recommendations for Deferral of Donors for Malaria
Risk” dated July 26, 1994 (July 26, 1994 memorandum} (Ref. 1).

In this guidance, we recognize revisions to certain flow charts contained in the accompanying
materials for the Full-Length Donor History Questionnaire (v.1.3 dated May 2008) and
Abbreviated Donor History Questionnaire (v.1.3 dated December 2012) prepared by the AABB
Donor History Task Force, as acceptable for use in screening donors of blood and blood
components for risk of malaria. The revised flow charts are dated April 2014.

FDA’s guidance documents, including this guidance, do not establish legally enforceable
responsibilities. Instead, guidances describe the Agency’s current thinking on a topic and should
be viewed only as recommendations, unless specific regulatory or statutory requirements are
cited. The use of the word should in Agency guidance means that something is suggested or
recommended, but not required. ‘
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IL BACKGROUND

Transfusion-transmitted malaria occurs rarely, but is a serious concern in transfusion medicine
(Refs. 2, 3). It has been shown to be caused by any of the following four Plasmodium species:

P. falciparum; P. malariae; P. ovale; or P. vivax. In the absence of a licensed test for donor
screening, the measure used to reduce transfusion-transmitted malaria in the United States (U.S.)
has been the deferral of donors who have had a malaria infection or had a possible exposure risk
to malaria. Accurate identification of donors with the potential to transmit malaria depends on
the donor exposure history obtained during the donor interview, which may be facilitated
through use of a donor questionnaire (Refs. 4-6).

The July 26, 1994 memorandum had the following recommendations:

¢ Permanent residents of non-endemic countries who travel to an area considered endemic
for malaria should not be accepted as donors of Whole Blood and blood components
prior to one year after departure from the endemic area. After one year after departure,
such otherwise suitable prospective donors may be accepted provided that they have been
free of unexplained symptoms suggestive of malaria.

» Prospective donors who have had malaria should be deferred for three years after
becoming asymptomatic. :

e Citizens, residents, immigrants or refugees of endemic countries should not be accepted
as donors of Whole Blood and blood components prior to three years after departure from
the area: After the 3-year period, otherwise suitable prospective donors may be accepted
if they have remained free of unexplamed symptoms suggestive of malaria.

Public comments on the July 26, 1994 memorandum and the June 2000 draft guidance on
screening of donors for malaria risk raised several concerns about the need to standardize
definitions used in the recommendations, and the scientific basis for the recommended deferral
periods. These concerns prompted public discussions, including a meeting of the FDA Blood
Products Advisory Committee (BPAC or Committee) on September 16, 1999. At that meeting,
BPAC reviewed the current status of transfusion-transmitted malaria and its impact on blood
safety in the United States BPAC also reviewed the usefulness of the available laboratory test
methods to detect current malaria infection or to provide evidence of past exposure to malaria
parasites.

On July 12, 2006, FDA convened a scientific workshop entitled “Testing for Malarial Infections
in Blood Donors” to seek public discussion of scientific developments that might support donor
testing for malaria infections as part of pre-donation testing, or as follow-up testing to permit a
reduced deferral period for donors deferred for malaria risk (Ref. 7). There are no FDA-licensed
tests to screen blood donors for malaria. Nucleic acid-based tests were deemed unsuitable for
donor screening due to the limitation of the small sample size used in nucleic acid extraction;
however, several speakers and panel members emphasized the value of antibody testing to
reenter deferred malaria-risk donors who tested negative for malarial antibodies (Refs. 7, 8). The
outcome of the workshop was summarized at the BPAC meeting held on July 13, 2006 (Ref. 9).
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At the BPAC meeting on September 11, 2008, the Committee discussed donor testing for
malarial antibodies as an indicator of possible exposure to malaria parasites (Ref. 10). At the
meeting, FDA presented risk assessment data for three possible scenarios in which antibody
testing could be of value: (1) testing all donors (universal testing); (2) reentry testing of all at-
risk donors with a history of potential exposure to malaria anywhere in the world; and (3) reentry
testing of only those donors who had traveled to malaria-endemic areas in Mexico. The risk
assessment model assumed that donors would be deferred for four months after returning from
endemic areas of Mexico or other parts of the world before antibody testing would be performed
on the donor. At the meeting, two blood organizations (the American Red Cross and America’s
Blood Centers) also presented data from surveys showing that approximately 41% of all blood
donors deferred for risk of malaria exposure had been deferred because they had traveled to
malaria-endemic areas in Mexico (Refs. 10, 11). The Committee considered all three risk
assessment scenarios and the possible role that antibody testing could play in identifying or
reentering malaria-risk donors, especially those donors who had traveled to endemic areas in
Mexico. In the end, the Committee felt that additional risk analysis would be needed, and that
the analysis should account for malaria risk globally and in Mexico, with and without antibody
testing.

On November 16, 2009, FDA again sought advice from BPAC on an alternative strategy to
minimize donor loss associated with deferrals for malaria risk. Specifically, FDA asked the
Committee to consider a new risk assessment model which was focused on travel to malaria-
endemic states in Mexico, and asked whether it was acceptable to allow blood collections
without any deferral from individuals who have traveled to certain Mexican states that have a
low malaria transmission rate. At that meeting, FDA presented data which showed that while
travel to Mexico was a major contributor to donor deferrals due to malaria risk (about 41%),
from 2006-2009, malaria transmission in Mexico was shown to be very low (average 2400
malaria cases annually) and limited only to certain Mexican states (Ref. 12). The malaria
transmission rate was shown to be particularly low in Quintana Roo, a Mexican state that
includes Cancun and Cozumel and is known to receive a high volume of U.S. travelers.
Estimates also suggested that there was a great disparity in the contribution of different Mexican
states to the number of donor deferrals among U.S. travelers. Data collected by the American
Red Cross and Blood Systems Research Institute suggested that in 2006, among the 10 malaria-
endemic states, Quintana Roo alone contributed approximately 70% of all malaria-risk-
associated donor deferrals for travel to Mexico (Refs. 12, 13). While donors deferred because of
travel to Quintana Roo were a significant percentage of deferrals, FDA’s risk assessment found
that the calculated overall risk to the blood supply would be expected to increase by 1.1% (an
absolute increase of 0.0166 infected blood unit per year, or one in 60 years) if prospective blood
donors who visited Quintana Roo and another state, Jalisco, which includes the cities of Puerto
Vallarta and Guadalajara, were allowed to donate blood without any deferral for malaria risk.
However, the donor pool would increase by approximately 45,000 donors (79,000 blood units)
each year (Ref. 13). FDA also found that the actual donor gain might be significantly higher if
the Agency took into account the total donor loss due to self-deferrals and the non-return of
donors deferred under the current policy (Ref. 7). After these presentations and discussion, the
Committee voted 17-1 in favor of allowing blood collection, without any deferral for malaria
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risk, from U.S. residents who have visited Quintana Roo. The Committee also discussed
extending the proposed policy to other malaria-endemic states of Mexico that have a low malaria
transmission rate.

IOI. DEFINITIONS

Malaria - An infectious disease caused by a parasitic protozoan of the genus Plasmodium.
Malaria diagnosis in a prospective donor is based on a positive laboratory test indicating
Plasmodium infection, or a determination of a history of malaria made by the blood
establishment’s Medical Director. For additional information regarding malaria and its
associated symptoms, visit the Centers for Disease Control and Prevention (CDC) website at
http://www.cde.gov/malaria/.

Malaria-endemic area - Any areas with malaria where CDC recommends anti-malarial
chemoprophylaxis in travelers in the most current version of the CDC Health Information for
International Travel (commonly known as The Yellow Book) at the time the donor is screened.
We recommend you access the “Malaria Information, by Country™ table in the Malaria chapter
of The Yellow Book for the most current recommendations on anti-malarial chemoprophylaxis.
The Yellow Book is available on the CDC website at
http://wwwne.cde.gov/travel/page/yeliowbook-2012-home. hitm.

Malaria-endemic country - Any country having an area or areas with malaria where CDC
recommends anti-malarial chemoprophylaxis in travelers in The Yellow Book at the time the
donor is screened. A country that has any malaria-endemic areas should be considered to be
malaria-endemic in its entirety.

Residence in a malaria-endemic country - For purposes of this guidance, residence is defined
as a continuous stay of longer than 5 years in a country or countries having any malaria-endemic
area (see definition above). In determining residence, consideration is by malaria-endemic
country and not by malaria-endemic area since the geographic distribution of malaria-endemic
areas may change during the period of residence, or the resident may have traveled from a non-
endemic area to an endemic area in the country during his or her stay.

Travel to a malaria-endemic area - Any travel to or through a malaria-endemic area or areas,
as identified by CDC (see definition above). The duration of travel to a malaria-endemic area is
defined as more than 24 hours to less than 5 years. Note that a passage greater than 24 hours
through a malaria-endemic area while on route to a malaria-free area is considered a sufficient
possible exposure to trigger donor deferral. Common examples of such possible exposure
include passage through a malaria-endemic area to visit a tourist resort in a malaria-free area, or
passage through a malaria-endemic area to board a cruise ship, or on-shore excursions into a
malaria-endemic area when traveling on a ship. Travel to or through a malaria-free area within a
malaria-endemic country does not constitute travel to a malaria-endemic area.
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IV. RECOMMENDATIONS

FDA’s scientific rationale and further explanation for our recommendations are provided in the
Appendix.

A. Donor History Questionnaire

1. We recommend that you update your donor history questionnaire, including full
length and abbreviated donor history questionnaires, to incorporate the
recommendations provided in this guidance.

2. We recommend that the updated donor history questionnaire include the
followmg elements to assess prospective donors for malaria risk (note definitions
in section III of this guidance):

a. A history of malaria in the past three years;
b. A history of prior residence in a malaria-endemic country;

c. A history of travel to a malaria-endemic area in the past one year; and

d. A history of travel to a malaria-endemic area in the past three years, if
previously a resident of a malaria-endemic country.

'B.  Donor Deferral ind Reentry”
1. History of Malaria

a. We recommend that you defer for 3 vears a donor who has a history of
malaria.

b. Ifthat donor has remained free of malaria symptoms for a 3-year period while -
residing in a non-endemic country, the Medical Director may decide to accept
the donor, provided the donor meets all other donor eligibility criteria.

2. Residence in a Malaria-endemic Country

We recommend that you defer a donor for 3 years who had:been a prior resident (as
defined in section IIT of this guidance) in a malaria-endemic country. After the 3-year
deferral period, the donor may be eligible to donate provided the donor has been free
from malaria during this period and meets all other donor eligibility criteria.

! See Appendix for detailed scientific rationale for the recommendations contained in this guidance.
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3. Travel to a Malaria-endemic Area

a. We recommend that you defer for 1 year after the last departure from a
malaria-endemic area (as defined in section IIT of this guidance) a donor who
is a resident of a non-endemic country and who has traveled to or through any
malaria-endemic area, whether or not the donor has received malaria
chemoprophylaxis. After the 1-year deferral period, the donor may be eligible
to donate, provided the donor has been free from malaria during this period
and meets all other donor eligibility criteria.

b. We recommend that you defer for 3 years after a visit to a malaria~-endemic
area a donor who is a prior resident of a malaria-endemic country (as defined
in section III of this guidance) and who has been a resident of non-endemic
countries for less than 3 consecutive years. After the 3-year deferral period,
the donor may be eligible to donate, provided the donor has been free from
malaria during this period and meets all other donor eligibility criteria.

¢. We recommend that if a prior resident of a malaria-endemic country returns to
a malaria-endemic area after residence for 3 years consecutively in non-
endemic countries, that you defer that donor for 1 year from the time that they
return to the non-endemic country. After the 1-year deferral period, the donor
may be eligible to donate, provided the donor has been free from malaria
during this period and meets all other donor eligibility criteria,

C. . Product Retrieval and Quarantine, and Notification of Consignees of Blood
and Blood Components

We recommend that you take the following actions if you determine that blood or blood
components have been collected from a donor who should have been deferred according
to the recommendations in section IV.B of this guidance.

1. If you collected cellular blood components intended for transfusion or for further
manufacturing from a donor who should have been deferred according to the
recommendations in section IV.B. of this guidance, we recommend that you
quarantine any undistributed in-date cellular blood components collected from
that donor.

2. If you distributed cellular blood components intended for transfusion or for
further manufacturing collected from a donor with a clinical history of malaria
who should have been deferred according to the recommendation in section
IV.B.1. of this guidance, we recommend that you notify consignees to retrieve
and quarantine the in-date ce]lular blood components collected from that donor.
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Additionally, in this situation, if cellular blood components have been transfused,
you should encourage consignees to notify the transfusion recipient’s physician of
record regarding the need for monitoring of the recipient for a possible malaria
infection for a period of 3 months post-transfusion.

. Ifyou distributed cellular blood components intended for transfusion collected
from a donor who should have been deferred for malaria-risk associated with -
travel or prior residence according to recommendations in sections IV.B.2 or 3 of
this guidance, we recommend that you notify consignees to retrieve and
quarantine the in-date cellular blood components collected from that donor.

. If you collected acelluiar blood components (i.e., frozen plasma products)
intended for transfusion or for further manufacturing from a donor who should
have been deferred according to the recommendations in section IV.B. of this
guidance, we recommend that you quarantine any undistributed in-date acellular
blood components collected from that donor. (Note that based on the very low
risk for transmission of malaria, we are not recommending notification of

" consignees if you distributed such acellular products.}

Product Disposition and Labeling

. We recommend that you destroy or relabel cellular blood components that were
collected from a donor who should have been deferred according to the
recommendations in section IV.B of this guidance. If you relabel the cellular
blood components, they may be released for research, or for manufacture into
noninjectable products or in vitro diagnostic reagents as described in section
IV.DD.3. of this guidance.

. Although not suitable for transfusion, acellular blood components inadvertently
collected from a donor who should have been deferred according to the
recommendations in section IV.B. of this guidance may be released for research,
or for further manufacture into injectable (i.e., plasma derivative) or non-
injectable products, or in vitro diagnostic reagents, if labeled appropriately as
described below.

. You should use the following statements to prominently relabel the blood
components:

a. “NOT FOR TRANSFUSION: Collected From A Donor Deteﬁnined To Be
. At Risk For Infection With Malaria Parasites”

and
b. “Caution: For Laboratory Research Only”

or
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“Caution: For Further Manufacturing into J» Vitro Diagnostic Reagents For
Which There Are No Alternative Sources™

or

“Caution: For Use in Manufacturing Noninjectable Products Only”

or

“Caution: “For Manufacturing Use Only” (used for acellular products
intended for further manufacture into injectable products).

You should not label these products with a U.S. license number unless FDA
specifically approves you to do so. If appropriate, unlicensed products may be
shipped solely to 2 manufacturer of a product subject to licensure, under a short

supply agreement (21 CFR 601.22).

E. Reporting a Biological Product Deviation (BPD)

If you have distributed any cellular blood components for transfusion or for further
manufacturing, collected from a donor at risk for malaria according to section [V.B. of
this guidance, you should report a BPD as soon as possible, but you must report within 45
calendar days from the date you acquire the information reasonably suggesting that a
reportable event has occurred (21 CFR 606.171).

You are not required to report a BPD if you have distributed an acellular blood
component intended for transfusion or further manufacturing from a donor at risk for
malaria.

"ADDITIONAL CONSIDERATIONS

Whole Blood and blood components intended for transfusion should not be collected from a
possible malaria risk donor with the intent of converting or relabeling those products for further
manufacturing use (e.g., relabeling of Fresh Frozen Plasma as recovered plasma).

VL

RECOGNITION OF THE REVISED DONOR HISTORY QUESTIONNAIRE
(DHQ) DOCUMENTS

A, Recognition of the Revised DHQ Documents

The AABB Donor History Task Force has revised the flow charts for the following
questions: .
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¢ The Full-Length Donor History Questionnaire, v.1.3 dated May 2008

o Inthe past 3 years have been outside the United States or Canada?
o Have you ever had malaria?

s The Abbreviated Donor History Questionnaire, v.1.3 dated December 2012
o Since your last donation have you been outside the United States or Canada?

FDA finds the revised AABB DHQ flow charts for the questions above (v.1.3 dated April
2014) to be acceptable for use in screening blood donors consistent with the
recommendations contained in this guidance.?

While we recognize the DHQ documents prepared by the AABB Task Force as
acceptable, you are not required to implement them. You may continue to use any donor
history questionnaire and accompanying materials developed by your establishment that
have been revised to reflect the recommendations contained in this guidance and, for
licensed blood establishments, have been approved by FDA. Your materials may include
procedures and wording that are different from those in the AABB DHQ documents.

B. Implementation of the Acceptable DHQ Documents

To ensure the correct implementation of the revised DHQ flow charts described in
section VI, A of this guidance), we recommend you use the process described below:

¢ Implementing the new flow charts for the full-length DHQ, v.1.3 dated April 2014:

o Replace the flow charts v.1.3 dated May 2008 with the revised flow charts v.1.3
dated April 2014

o Implementing the new flow chart for the abbreviated DHQ, v.1.3 dated Apzil 2014:

o Add the following question from the full-length DHQ to the abbreviated DHQ in
the space reserved for extra questions:

- nInthe past 3 years have you been outside the United States or Canada?

o Include the v.1.3 dated April 2014 flow chart for this question from the full-length
DHQ in your procedures.

% You may view v.1.3 of the DHQ documents prepared by AABB, including the revised flow charts, on the FDA
website at http://www.fda.gov/BiologicsBlood Vaccines/BloodBloodProducts/ApprovedProducts/LicensedP
roductsBLAs/BloadDonorScreening/ucm164185.htm. On this website, you may also view the FDA guidance
documents that recognized v.1,3 of the full-length and abbreviated DHQs and accompanying materials.
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Retain this ciuestion and corresponding flow chart on the abbreviated DHQ for 1
year from the time that you implement these procedures. After 1 year, you may

remove this question and the corresponding fiow chart from the abbrewated
DHQ. -

Concurrently, retain this current question on the abbreviated DHQ:

= Since your last donation have you been outside the United States or
Canada?

Replace the flow chart dated v.1.3 December 2012 for this question with the v.13
dated April 2014 flow chart from the abbreviated DHQ for same question.

For the one year that you are including the question and flow chart from the full-
length DHQ, you may use one of the following methods to implement the revised

. flowchart for the abbreviated DHQ:

= Use the v.1.3 dated April 2014 flow chart for the abbreviated DHQ inits
entirety, or

= Skip the part of the flow chart for the abbreviated DHQ that evaluates the
donor for travel to malaria-endemic countries and areas and proceed to the
sections on the flow chart for evaluating travel to HIV-1 Group O and
vCJID endemic countries.

o Atthe end of the 1 year period, if you are not already doing so, use the revised

v.1.3 dated April 2014 flow chart for the abbreviated DHQ in its entirety.

VII. IMPLEMENTATION OF RECOMMENDATIONS

You may implement the recommendations contained in this guidance once you have revised
your donor history questionnaire (DHQ), including full-length and abbreviated DHQs, and
accompanying materials as necessary to reflect the new donor deferral recommendations.

Licensed blood establishments must report the changes to FDA in the following manner:

1.

Revision of your own DHQ and accompanying materials: report as a major change if
revising your own DHQ and accompanying materials to implement the new
recommendations. Report such a change to FDA as a prior approval supplement (PAS)
under 21 CFR 601.12(b).

Revision of a previously FDA accepted DHQ and accompanying materials: report as a
major change if you are revising the FDA accepted DHQ and accompanying materials to
implement these new recommendations. Report such a change to FDA as a prior
approval supplement (PAS) under 21 CFR 601.12(b).

10
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3. Use of full-length DHQ (v.1.3 dated May 2008) and abbreviated DHQ (v.1.3 dated
December 2012) with revised flow charts v.1.3 dated April 2014

a.

If the revised flow charts are implemented without modifications and in their entirety
using the process in section V1. B of this guidance, the change is considered to be
minor. You must report such changes to FDA in your annual report consistent with

21 CFR 601.12(d), noting the date the process was implemented.

. If you make changes to the format of the revised flow charts but the content remains

consistent, or you adopt stricter donor deferral criteria, the changes are considered
minor. You must report such changes to FDA in your annual report under 21 CFR
601.12(d}, noting the date the process was implemented and describing how you
modified the acceptable flow charts.

If the revised flow charts are implemented with modifications other than formatting,
the change is considered to be major. You must report such changes as a prior
approval supplement (PAS) consistent with 21 CFR 601.12(b).

If the revised flow charts are implemented using a process that differs from that in

section VLB, the change is considered to be major. You must report such changes as
a prior approval supplement (PAS) consistent with 21 CFR 601.12(b). ’

11



Contains Nonbinding Recommendations

VIII. REFERENCES

10.

I1.

12.

Food and Dfug Administration, Memorandum. Recommendations for Deferral of Donors
for Malaria Risk. July 26, 1994,

Westphal, R. Transfusion-transmitted malarial infections. In Smith, D. and Dodd, R.

(eds). Transfusion Transmitted Infections. ASCP Press, Chicago 1991;167-180.

Mungai, M., Tegtmeier, G., Chamberland, M., Parise, M. Transfusion-transmitted
malaria in the United States from 1963 through 1999. New England Journal of Medicine
2001; 344:1973-1978.

Guerrero, [.C., Weniger, B.C., Schultz, M.G. Transfusion malaria in the United States,
1972-1981. Annals of Internal Medicine 1983; 99:221-226.

Nahlen, B.L., Lobel, H.O., Cannon, S.E., Campbell, C.C. Reassessment of blood donor
selection criteria for United States travelers to malarious areas. Transfusion 1991;
31:798-804.

Sazama, K. Prevention of transfusion~transmitted malaria: Is it time to revisit the
standards? 7ransfusion 1991; 31:786-788.

FDA Workshop “Testing for malarial infections in blood donors,” July 12, 2006.
hitp:/fwww.fda. goleloEog_sBloodVaccmest ewsEvents/W orkshoosMeetmgsConferen
ces/ucm090641 . htm.

Seed, C.R., Cheng, A., Davis, T.M.E., Bolton, W.V_, Keller, A.J., Kitchen, A., Cobain,
T.J. The efficacy of a malarial antibody enzyme immuncassay for establishing the

reinstatement status of blood donors potentially exposed to malaria, Vox Sang 2005;
88:98-106.

FDA Blood Products Advisory Committee “Testing for malarial infections in blood
donors,” July 13, 2006.

hgp://www.fda.gov/ohrms/dockets/ac/cber()_ﬁ.html#BloodProducts.

FDA Blood Products Advisory Committee “Options for blood donor screening and
reentry for malaria.” September 11, 2008.

http://'www.fda.gov/ohrms/dockets/ac/cber08.html#BloodProducts.

Spencer, B., Steele, W., Custer, B., Kleinman, S., Cable, R., Wilkinson, S., Wright, D.
Risk for malaria in United States donors deferred for travel to malaria-endemic areas.
Transfusion 2009; 49(11):2335-45. .

FDA Blood Products Advisory Committee “Blood Donor Deferral for Malaria Risk
Associated with Travel to Mexico.” November 16, 2009.
http://www.fda.gov/AdvisorvCommittees/CommitteesMeetingMaterials/BloodVaccinesa

ndOtherBiologics/BloodProductsAdvisoryCommittee/ucm189553 htm.,

12



13.

14.

I5.

16.

17.

18.

Contains Nenbinding Recommendations

FDA Blood Products Advisory Committee “Benefit: Risk Analysis for Malaria Exposure
in Blood Donors from Mexico and Its Effect on Blood Safety and Availability,” Mark
Waliderhaug, November 16, 2009.

http://www.fda.gov/AdvisoryCommittees/CommitteesMeetingMaterials/Blood Vaccinesa
ndOtherBiclogics/BloodProductsAdvisoryCommittee/uem 189553 .htm.

Mali, S., Steele, S., Slutsker, 1., Arguin, P.M. Centers for Disease Control and
Prevention (CDC). Malaria surveillance - United States, 2008.. MMWR Surveill Summ.
2010 Jun 25; 59(7):1-15.

Mali, S., Tan, K.R., Arguin, P.M. Centers for Disease Control and Prevention (CDC).
Malaria surveillance - United States, 2009. MMWR Surveill Summ. 2011 Apr 22;
60(3):1-15.

Mali, S., Kachur, S.P., Arguin, P.M. Centers for Disease Control and Prevention (CDC).
Malaria surveillance - United States, 2010. MMWR Surveill Summ. 2012 Mar 2; 61(2):1-
17. '

Liljander, A., Chandramohan, D., Kweku, M., Olsson, D., Montgomery, S.M.,
Greenwood, B., Farnert, A. Influences of intermittent preventive treatment and persistent
multiclonal Plasmodium falciparum infections on clinical malaria risk. PLoS One 2010,
5(10):e13649.

Doolan, D.L., Dobano, C. Baird, J.K. Acquired immunity to malaria. Clin. Microbiol.
Reviews, 2009, 22(1):13-36.

13



Contains Nonbinding Recommendations

- APPENDIX

SCIENTIFIC RATIONALE AND FURTHER EXPLANATION FOR THE
' RECOMMENDATIONS

The scientific basis and further explanation for the recommendations in section IV of this -
guidance are as follows:

The recommendation for a 3-year deferral of a donor following residence in a malaria-
endemic country (recommendations B.2. and B.3.b.) is based on the possible presence
of low-grade parasitemia in individuals with clinical immunity to malaria, or with a
chronic malaria infection who have not received definitive treatment after departure
from the malaria-endemic area. Although it is not known how long parasitemia can
last in such persons, it is believed that most (though not all) will either develop clinical
malaria or else resolve their infection over time. This is because anti-malarial
immunity is thought to wane in the absence of repeated infections. Data reported by
CDC showed that out of 4,229 reported cases of malaria in foreign-born residents,
only 7 cases {0.2%) had an episode of clinical malaria more than three years after the
patient had left a malaria-endemic country (Ref. 3). These data suggest that a deferral
period of 3 years would be adequate for resolution of parasitemia in most cases. This
recommendation will be reconsidered periodically based on new scientific data.

Recommendation B.3.a of a 1-year deferral period for a donor who is a resident of a
non-endemic country and who has traveled to or through a malaria-endemic area
(whether or not the donor received malaria prophylaxis), is based on the malaria
surveillance reports by CDC showing that out of 2,167 imported malaria cases
reported between 2008-2010 for which the date of arrival and the onset of illness was
known, only 2 (0.09%) experienced clinical malaria more than 1 year after their return
to the U.S. (Refs. 14-16). The 1-year deferral for residents of non-endemic countries
applies to the last departure from the endemic area.

Blood centers should use the new definition of malaria-endemic area (see section IIl of -

this guidance) in deciding whether a donor had traveled to a malaria-endemic area.

Based on the current epidemiological data and the definition of malaria-endemic area in this
guidance, FDA does not currently recommend deferral of donors who have traveled to the
Mexican states of Quintana Roo and Jalisco; thus, these donors, if otherwise eligible, may
donate. Please note that the designation of malaria-endemic areas in Mexico or in any malaria-
endemic country and accordingly, a recommendation for donor deferral, are subject to change
based on the most updated malaria transmission information with respect to that area, as listed in
The Yellow Book. For example, if malaria transmission in these states changes and anti-malarial
chemoprophylaxis is recommended by CDC, then the donor deferral recommendations would
encompass donors who travel to these areas. '

» The recommendation for a one year deferral from the time of return to a non-endemic

country of a donor who was a prior resident of a malaria-endemic country and who

14
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had not traveled to a malaria-endemic area for 3 consecutive years preceding the most
recent travel to a malaria-endemic area (recommendation B.3.c.} is based on
information indicating that continued exposure to malaria parasites is necessary to
maintain clinical immunity (Refs. 17, 18). Consequently, we believe it is a reasonable
safeguard to assume that after 3 or more continuous years of residence in a non-
endemic country, the majority of prior residents of malaria-endemic areas will not
maintain their clinical immunity. Thus, after 3 years of continued residence in a non-
endemic country, a prior resident of a malaria-endemic country may be treated as a
resident of a non-endemic country. Such individuals should be deferred for only 1
year after each return from travel to a malaria-endemic area consistent with the
deferral for travelers from non-endemic counries.

In many parts of the world, transmission of malaria and dengue can occur in the same
area. FDA is aware that under the new definition of a malaria-endemic area,
potentially eligible donors may have traveled to areas where dengue virus is
transmitted. FDA is currently evaluating the risk of dengue virus infections in blood
donors that are acquired either locally or elsewhere in the world, and may address this
issue in future guidance.

The recommendation that consignee notification include instructions for notification of
the transfusion recipient or the transfusion recipient’s physician of record regarding

the need for monitoring of the recipient for a possible malaria infection for a period of
3 months post-transfusion (recommendation C.2.) is based on the analysis of ‘
incubation periods in 57 cases of transfusion-transmitted malaria in the U.S., in which
the maximum period observed between transfusion and onset of clinical symptoms

was 90 days (range 8 to 90 days) (Ref. 3). This recommendation is limited to the
highest risk circumstance of unintentional release of a unit from a donor at risk of
malaria, namely a unit from a donor who had a clinical history of malaria who may not -
have been treated or who failed to be deferred for at least 3 years.

The recommendation to allow the use of acellular blood components inadvertently
collected from a donor who was later determined to be at risk for malaria to make
injectable products is based on the knowledge that licensed plasma derivatives do not
transmit malaria. In addition, notification of consignees is not recommended and
reporting of biological product deviation is not required for acellular components
inadvertently collected and distributed from a donor at risk for malaria because of the
lack of a documented case of transfusion-transmitted malaria from acellular blood
components. According to a CDC surveillance study (Ref. 3), 93 cases of transfusion
transmitted malaria were reported in the U.S. from 1963-1999. Among the 70 cases
for which information was available, the following blood components were
implicated: whole blood (63%); red cells (31%); and platelets (6%). Plasma
components were not shown as a source of transfusion-transmitted malaria.

15
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A 52-year—old Japanese female presented to our hospital com-
plaining of discomfort in her conjunetiva and recurrent skin
nodular lesion, Since 2 months ago, she had been traveling in
Africa (Cameroon and other 3 countries) for 7 weeks, She was
bitten by a mango fly in the neck during the stay 'in Came-
rooin On the day of her visit to our hospital, her left eyelid
was edematous, but no larval body was found in her conjunc-
tiva. Count of blood cell was normel, and she did not have
eosinophilia. Her blood smear sample revealed no microfilaria,
However, she had a higher level of antibody to Brugia pahangi,
which is known to have crossed reactivity o Loa Loa. Consid-
ering her high risk factors and serologic test result, we
treated her with empiric Albendazole targeting possible Loia-
sis. She developed left arm swelling on day 5 of treatment,
which gradually improved in one week. The slin nodular le-
sion has nol: appeared after treatment. Serum IgG to the fitar
jal crude entigens increased just after treatment, and 4
months after that, the TgG decreased. The sequential change
in IgG to the filarial erude antigens may help us to estimate
the clinical response to treatment.
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Abstract

Whilé Trypanosoma criizi theﬁ etiologic agent of Chagas disease, is typically vector-borne, infection can also 6ecur through

solid organ transplantation or fransfusion of contaminated blood products. The ability of infected human cells, tissues, and
cellular and tissue-based products (HCT/Ps} to transmit T: cruzi is dependent ugon 7. cruzi surviving the processing and
storagie conditions to which HCT/Ps are subjected; In the studies reported here, T. cruzi trysomastigotes rémained infective
24 hours after being spiked jinto blood and storéd at room temperature (N= 20); in 2'of 13 parasite-infected cultures stored
28 days at 4°C; and il samples stored 365 days at —80°C without cryoprotectant (N=28), déspite decreased viability
compdred to cryopreserved parasites. Detéction of viable parasites after multiple freeze/thaws depended upon the duration
of frozen storage. The. ability of 1. cruzi to survive long periods of storage at +4 and —80°C suggests that T. cruzi-infected
tissues stored under these conditions are pétentially infectious, C ' T
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Introduction

Typanosoma cruzi is a parasite that causes human Chagas disease
{American trypanosomiasis). Transmission typically occurs in areas
of Latin America where substandard housing provides a habitat
for the triatomine bug vectors that deposit the parasite in fecal
matter during a nighttime blood meal. The parasite can enter the
bloadstream thraugh the skin via any break in the skin or through
contact with a mucous membrane. In the vertebrate host, the
parasite exists in both intracellular and extracellular forms.
Extracellular trypomastigotes can invade virtually any nucleated
cell type. Once inside the cell, trypomastigotes transform to
amastigotes and replicate [1]. Amastigotes transform back to
trypomastigotes after approximately nine rounds of replication
over 4-7 days and escape the cell. The released trypomastigotes
can be taken up by a triatomine vector during a blood meal or can
propagate the infection & uioe by infecting other host cells, The
acute phase of infection lasts for 1-2 months, during which the
parasite has a broad tissue distribution and parasitemia is patent.
After the acute phase, parasites persist primarily, but not
exclusively, in muscle tissue, and the predominant clinical
pathology is cardiomyopathy. Although infection of the host is
life-long, parasites are rarely seen in the blood during chronic
infection, and even sensitive polymerase chain reaction (PCR)

assays only detect parasites in the bloed of up o 66% of

chronically-infected individuals [2],
To date, 23 cases of vector-borne infection have been identified
in the United States (U.8.) [3]. Other potential routes of hurnan
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ransmission in the United States include congenital infection and
infection via transplantation and transfusion [4,5]. An estimated
300,000 T, eruzi-infected individuals reside in the LS. [6]. In the
U.3., nine cases of T. eruzi transmission from solid organ donation
have been documented [5,7,8]. Eight reported cases of T, cruzt
transmission via blood transfusion have been reported; blood
donor screening was implemented in the United States in 2007
[9]. !

The risk of transmission through transplantation of tissues from
infected donors is unexplored. Tissue banks oversee the donation
of a number of non-solid-organ tissues such as skin, long bone,
tendons, ligaments, cornea, heart valves, musculoskeletal tissue,
and nerve tissue. Unlike salid organ donation, recovery of tissue
may take place up to 15-24 hours after asystole, and many tissues
are processed and stored prior to transplantation [10]. While some
tissues undergo minimal processing and are stored in eryoprotec-
tant to preserve function (e.g. reproductive tissue and heart valves),
other tissues undergo more extensive processing and cold storage
in the absence of cryoprotectant prior to transplantation. Some
tissue, such as musculoskeletal tissue, can be stored at <—40°C in
the absence of cryoprotectant for up to 5 years per American
Association of Tissue Bank {AATE) Standards [10}, In early 2009,
the US. Food and Drug Administration (FDA) issued a draft
Guidance for Industry (DHHS/FDA/CBER 2009) that suggested
all donors of human cells, tissues, and cellwar and tissue-based
products (HCT/Ps) be screened and tested for antibodies to T,
cruzi. This document identified T, eruzf as a “relevant communi-
cable disease agent” and described “current data are insufficient to
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identify specific effective processing methods that consistently
render HGT/Ps free of T. cruzi” This announcement coincided
with the availability of one FDA-licensed donor screening test for
T ¢ruzi antibody that additionally has a claim for use in testing
blood specimens from “cadaveric donors of HCT/Ps” [11). To
evaluate this disease agent’s relevance to tissue types recovered
from deceased donors, studies were undertaken to evaluate the
survivability of T. eruzf using storage temperatures commonly used
for transplantable tissue (i.e. ambient, refrigerated, frozen, and
cryopreserved). The aim of this study was to determine the
viability of 7. erezi parasites following room temperature and cold
storage of cell lines infacted with 7. cruzi or of trypomastigotes.

Materials and Methods

Human subjects

Blood was collected from a healthy adult volunteer via venous
puncture. Written informed consent was obtained under protocol
6062 approved by the New England Institutional Review Board

and the Centers for Disease Control and Prevention Human
Subjects Office.

Cell lines and parasite strains

Three, human cell lines and one monkey-derived cell line were
used in this study (HMEC-1, a human microvascular endothelial
cell line; F39, a human foreskin fihroblast cell line; Chang CONJ,
a conjunctival epithelial cell line, and Vero, a green monkey
kidney cpithelial cell line}. All ¢ell lines were acquired from the
Division of Scientific Resources at CDC. Three strains of T, cruzi
were used (Brazil, Y, and Tc23). Brazil and Y are both long-
standing laboratory strains; Te23 was isolated from a guinea pigin
the Arequipa district of Peru in 2009, passaged in cell culture, and
maintained as frozen stocks (Martin, et. al, AFHTM, in press),

Cell infection and culture

All cells were cultured in tissue-culture treated flasks in a
humidified, COg-rich, 37°C environment using RPMI-10 (Life
Technelogies, Grand Island, NY) media supplemented with 10%
fetal bovine serum (FBS, Fisher Scientific, Pitishurgh PA), L-
glutamine (Life Technalogies), sodium pyruvate (Life Technolo-
gies), and penicillin/streptomycin (Life Technologies) (hereafter
referred to as RPMI-10). All cell lines were adherent and removed

from the flask for storage by incubation with 0.25% trypsin in
" EDTA (LifeTechnologies) for 1-3 minutes, followed by washing in
RPMI-10. In this study, trypomastigotes fram all parasite strains
were able to infect all cell lines tested. During culture for viability
testing, if cells became confluent, they were trypsinized and split
into additional flasks for further culture.

Cell recovery and storage

Parasites and parasite-infected cells were stored at three
temperature ranges {room temperature, refrigerated, and frozen)
and various lengths of time for determination of parasite viability
following storage. For room temperature storage (22-25°C), 1 rnl
of venous blood from a healthy, uninfected adult volunteer was
spiked with 2x108 trypomastigotes. In some trials blood was
callected in heparin, in other trials the blood was allowed to clot.
Spiked blood was stored at room temperatare for 24 hours, after
which blood was examined on a slide for motile trypomastigotes
and then plated on uninfected cells for assessment of parasite
infectivity. To represent refrigerated temperature storage (from
zbove 0°C to 10°C), cells from an infected flask were released by
trypsinization and aliquoted into }5 ml conical tubes, or infected
flasks themselves were placed in a refrigerator for periods of 24 h,
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48h,72h,54d,7d, 104, 14 d and 28 d. For frozen (—80°Q)
storage, cells from: an. infected flask were trypsinized and
resuspended in a cryoprotectant solution (90% fetal bovine sera
(FBS)/10% dimethylsulfoxide (DMSO, Sigma-Aldrich, St, Louis,
MQ) as a positive control, 100% FBS, or RPMT -10. In other
experiments, trypomastigotes were removed from the eulture
supernatant, washed, and stored in cryoprotectant solution, FBS,
or RPMI-10 at 1x10° or 5% 10° parasites per sample. Trypomas-
tigotes or infected cells were aliquoted to cryogenic tubes and
placed: in a Mr, Frosty freezing container (Nalge Nunc, Penfield,
NY, USA), to achieve a freezing rate of —1°C/minute in a —80°C
freezer, and then were stored in 2 —B0°C freczer for 24 h, 48 b,
72h,5d, 144, 304, 60 d, 90 4, 120 d, and >365 days. The
work flow is outlined in Table 1.

Freeze-thaw analysis

Trypomastigotes were frozen as described in RPMI-10 with or
without cryoprotectant. Samples were thawed, washed once in
RPMI-10, and then refrozen in the same condition (i.e. RPMI-10
alone or with cryoprotectant) as the first freeze, This was repeated
for a total of 4 freeze-thaw cycles with an interval of either 1 week
or >30 days between cach freeze/thaw.

Measures of cell viability ‘

In all studies, samples were cultured over uninfected mamma-
lian cell lines at 37°C in a humidified 5% CO, incubator for 7
days to 3 months. Cultures were examined under 200 % and 400 x
for the presence of motle trypomastigotes in the culture
supernatant and the presence of amastigote nests in cells (see
Figure 1). Either of these were indicators of viable parasites.
Parasites spiked into blood for 24 h room temperature storage
were examined on a slide (10 pl) for live parasites prior to re-
culture. Ta compare the number of viable parasites stored at
—80°C in cryoprotectant solution, FBS alone, or RPMI-10 alone,
parasites were thawed, washed once in RPMI-10, and resus-
pended in 1 ml of RPMI-10 before being enumerated on a
hemocytameter. All samples were then added to fresh mammatian
cells to determine parasite infectivity as deseribed above.

B
infected cell
= ezily infection: a few amastigotes
= Heaiqly infected; cell fillsd with
1 amasligofes
4 = Hieavily Infected; amastigotes have
converted to lrypomastigoles inside cell

Figure 1. Vero cell culture infected with Brazil strain 7. eruzf
showing asynchronous amastigote nests inside cell. {1} unin-
fected cell; (2) very early infection, {3} more advanced and 4) a cell in
which amastigotes have completely transformed to trypomastigotes.
Note that other infected cells are present in this view as well, Photo was
taken at 400x magnification.

doi:10.1371/journal. pane.0095398.9001
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Photos and videos

Digital photos and videos were taken at 400X magnification or
200 magnification as listed in figure legends using an Olympus
DP21 camera (Tokyo, Japan) connected to an Olympus CK¥41
microscope. Videos were filmed at 15 frames per second and saved
as .AVI files. ‘

Results

Effect of room temperature storage on T. cruzi viability in
the presence of decaying blood

Motile parasites were observed in T, euzi-spiked blood under a
light microscope following 24 hours of room temperature storage
{Videa 51). Infected cells were observed following plating with the
spiked, stored blood (Figure 2). Motile, infective parasites were
present in both heparinized (n=8) and coagulated (n=>5) spiked
blood samples.

" Effect of refrigerated temperature storage on T, cruzi
viability

T cruzi-infected cells stored at refrigerated temperature for 24 Iy
and 4B h exhibited no change in cell or parasite viability upon re-
culture (Figure 3A) but showed a qualitative decrease in viable cells
but not parasites when stored 72-120 hours at refrigerated
temperatures {data not shown and Figure 3A). When stored
between 5 and 10 days at 4°C, re-culture of supernatants over
uninfected mammalian .cells showed infective trypomiastigotes
{Figure 3B and data not shown). Following 14 days at refrigerated
storage temperatures, no swimming parasites were seen in the
stored flasks and no culture-positive flasks were observed after re-
culture (n=9). The majority (11/13) of 7. cruzi-infected flasks
stored 28 days at refrigerated temperatures had no viable parasites
upon re-culture, but two samples showed infective parasites upon
culture with uninfected cells, although these were not visible until
one month later (Video 52),

Effect of frozen storage on T. cruzi viability
Frozen storage of T. cruzi-infecied cells in the absence of
cryoprotectant resulted in low cell and parasite viability within

Figure 2. Infectivity of parasites stored 24 hours at RT in
decaying blood product. One ml of heparinized (n=5} or non-
heparinized (n=7) blood was spiked with 2x10° Y or Tc23 T, cruzi
trypomastigotes. Blood was cultured over FS9 or HMEC-1 cells and
examined for amastigote hests after 4-7 days. Pictured is a
representative amastigote nest of Y strain parasites in FSg cells, Photos
were taken at 400% magnification.

dei:10.1371/jourmal pone.0095358.9002
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BT

AR R

Figure 3. T. cruziinfected culture cells were stored for various
lengths of time at 4°C, A. Vero cells infected with Brazil T. cruzi after
24 h at 4°C, then re-cultured at 37°C, Figure Is representative of N= 7. B.
HMEC-1 cells infected with Tc23 T. cruzi were stored 5 d at 4°C, then the
supernatants were re-culfured over fresh HMEC-1 cells. Figure is
representative of N=10 stored cultures and positive re-cultures,
dei10.1371/journal.pone.0095398.9003

24 h, but a small number of viable parasites were still observed,
Viable parasites capable of infecting cells in culture were present at
one year at —80°C frozen storage even in the absence of
cryoprotectant (Figure 44),

T. oruzi trypomastigotes were enumerated on 2 hemocytometer
after storage at —80°C in the presence or absence of cryoprotec-
tant for varying lengths of time. The number of viable parasites
recovered after 30, 60, 120, and 365 days of storage from those
stored with cryoprotectant was significantly higher than in

April 2014 | Volume 9 | Issue 4 | 95398
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cells were stored in RPMI-10 at —80°C for greater than one year, then re-cultured in HMEC-1 cells. Amastigote nests were photographed at 400x
magnification. Data are representative of N=19 cultures, 8, T. cruzl trypomastigotes {Te23 strain) were stored with eryoprotectant (freezing media,
FM) or FBS at —80°C for the indicated time period. Samples were thawed, washed in RPMI-10, and counted on a hemocytometer, Data represent at
least N=4 per group. C. T. cruzi trypomastigotes (Tc23 strain) were stored in RPMI-10 at -80°C for greater than one year, and then re-cultured in
HMEC-1 cells. Infected cells were photographed at 400x. Data are representative of N=5 cultures. D. 7. cruzi trypomastigotes (Tc23 strain) were

stored in FM, FBS, or RPMI-10 at —80°C for greater than one year. Samples were thawed, washed in RPMI-10, and counted on a hemocytometer, Data

represent N=4 per group.
doi:10.1371/journal.pone.0095393.9004

parasites stored without cryoprotectant, although viable parasites
stored in in the absence of cryoprotectant were still observed on a
hemaocytometer following as long as 6 months of frozen storage
(Fig 4B). After one year of frozen storage in RPMI-10, parasites
could no longer be enumerated on a hemocytometer directly after
thawing, but were still able to infect cell cultures (Fig 4C). Storage
in 100% FBS yielded higher recovery of viable parasites, as
parasites were observed on a liemocytometer after one year of
frozen storage in FBS (Fig 4D). In all conditions, plating the
samples from frozen storage on HMEC-1 or FS89 cells resulted in
infected cultures 3 to 5 weeks later (Fig 4C).

Parasites subjected to four freeze/thaw cycles with storage in
either culture media or cryoprotectant at one-week intervals were
viable (Video §3). However, when the storage time hetween
freeze/thaws was increased to greatér than one month, no viable
parasites or positive re-cultures were observed (data not shown).

Discussion

Because T. cruzi exists as both intracellular and extracellular
forms, the potential for transmission from cellular and acellular
tssue grafts and blood produets exists. Solid organ donation of the
heart [3], liver [8], kidney and kidney/panereas [8,12-16]
combination, lungs [7], bone marrow [17,18), and cord blood
[19] from infected donors has resulted in transmission to recipients
in both endemic and non-endemic countries. Tissue donation
presents a unique scenario due to the possibility of parasites being
exposed to decaying blood and tissue in the deceased donor prior
to tissue recovery, undergoing chemical processing, irradiation, or
lyophilization during tissue processing, and being placed in short-
term storage at refrigerated temperatures and long-term storage at
frozen temperatures. In this stady, we addressed the effects of
exposure to products from decaying blood, shart-term refrigerated
storage, and long-term frozen storage on T. ¢ruz parasites. The
data presented herein show that 7. eruzi is able to withstand all of
these conditions, although cold storage does significantly decrease
the number of viable parasites present.

Many types of tissue for transplant may be recovered from a
deceased donor up to 15 hours afier agystole, during which time
the donor’s body may not yet be stored at refrigerated
temperatures [10]. Parasites present within the tissue would
therefore be exposed to products from decaying blood which
might impact the parasite viability. We sought to mimic this by
spiking trypomastigotes into freshly-obtained venous biood and
letting the parasites remain within the blood as it decayed, Viable
trypomastigotes were observed by microscopic examination in
either heparinized or non-heparinized blood after the 24-hour
storage period, and these readily infected cell cultures.

While the vast majority of parasites die during long-term cold
storage, the presence of small numbers of viable, infective parasites
suggest a low potential for transmission of 7. cruzi from stored
tissue. Inn refrigerated and frozen conditions, the parasites showed
greater resistance to death than the mammalian culture cells used.
Parasites appeared to be more susceptible ta refrigerated storage
than frozen storage, although this was a qualitative and not
guantitative observation. It is not clear from the current studies
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whether parasite death in refrigerated conditions is an active
process induced by toxic products released from the dead culture
cells or simply due to starvation. Other reports show T, cruzi
survival following 18 days in refrigeration [20,21], so our study
may underestimate the number of infective parasites following 14
days of refrigerated storage. In the absence of cryoprotectant, T,
cruzi trypomastigotes fared better when frozen in 100% serum
than in media containing 10% serum. It may therefore be
important to consider the water content of tissue when thinking
about T. ezt survival during storage. '
Tissue stored for transplantation can be thawed for testing and
re-frozen, We therefore examined the viability of T cruzi following

up to 4 freeze-thaws. When the length of storage between freeze- |

thaws was short (one week), infective parasites were ohtained in all
cultures, but when the length of storage was extended to one
month between freeze-thaws, no viable parasites were observed.
While parasites were highly susceptible to the combined stress of
long-term frozen storage and multiple freeze-thaws, not all tissues
are routinely subjected to these conditons to - ensure the
destruction of T. eruzi parasites.

7. cuz may not persist in all tissue in chronically-infected
individuals, so knowing which tissues are affected in chronically
infected individuals would be useful in future decision-making
about transplantation of tissue from infected donors. The tissue
distribution of T. ¢ruzi in acute experimental infection of mice is
extensive and involves virtually all tissues [22~26], but the extent
to which 7. eruzi persists in different tissue during chronic infection
is poorly understood. A prospective study of 9 liver grafis
transplanted from T. cuziinfected donors to seronegative patients
in Argentina showed only 2 parasitemia-positive outcomes in a
one-year follow-up [27].

Some of the outcomes were difficult to quantitate due to the low
sensitivity of the hemocytometer. At least 100 events need to be
counted for accurate measurements; however, in many instances
only one or two parasites were counted on the hemocytometer
following frozen storage in RPMI-10. These data therefore give an.
inaccurate count, but still demonstrate the presence of motile
parasites immediately after thawing. For many specimens, samples
in which no parasiies were seen on the hemocytometer resulted in
infected cell cultures. Because we could not accurately quantify the’
number of viahle parasites in many instances, we instead focused
on the qualitative data showing live parasites following culture.
Similarly, quantitation was only achievable in conditions in which
a positive control group was available, such as frozen storage
condidons in which eryopreservation is a  well-established
technique [28]. There is no analogous preservation method for
T. cruzi parasites at refrigerated temperatures.

Cell cultures were used in this study in lien of animal models

‘pri.marily due to the failure of positive controls in pilot studies

using mice; when muscle tissue from acutely-infected mice was
cultured immediately after dissection, only 30% of samples {6/20)
yielded positive parasite cultures. In order to show a decrease from
a no storage positivity rate of 0.30 to 0.10 for cold storage
conditions using paired samples with a2 MeNemar test and Connor
approximation [29], an N of 86 per condition would be required
(Ryan Wiegand, personal communication), and for unpaired
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samples using Fisher’s exact test {30], an sample size of 180 mice
per condition would be required (power analyses were performed
in SAS version 9.3, SAS Inmstitute, Inc, Cary, NC), With 72
conditions to be considered for pre- and post-recovery storage, this
sample size (6192 mice) made the use of animals not feasible. The
use of cell cultures leaves some questions unanswered, such as the
role of the immune response in protecting against parasite
infection in recipient and the potential protective effect of a large
tissue mass on parasites in that tissue.

Other common preservation methods applied to tissues for
transplantation, such as lyophilization, air-drying, and various
chemical devitalization treatrnents, and mechanical agitation, are
not addressed herein and are the subjects of ongoing studies. Many
allograft types may be provided as acellular or decellularized after
these common treatments are applied. The reported rate of
confirmed T. euzi infection in volunteer U.S. blood donors is
approximately 1:27,500 [9], so with about 30,000 tissue donors
annually in the United States, tissue banks should expect to
encounter one or two 7. cruzi infected tissue donors each year. To
date, no tissue donation-associated 7. cruzf infections have been
identified. However, two of the transfiusion-associated cases in the
U.S. received platelet products that had been documented to be
lenkoreduced and irradiated [9], further showing the high
resistance of T. cuzi to techniques commeonly applied to blood
products and tissie allografts. Understanding hew other tissue
processing techniques affect the viability of the parasite will be
critical in light.of the data presented here showing that viable,
infective parasites remain following long-term cold storage of 7.
erzi.

Supporting Information

Video S1 Infectivity of parasites stored 24 hours at RT in
decaying blood product. One ml of heparinized (n=5) or non-
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Trypanosoma cruzi Survival following Cold Storage

heparinized (n=7) blood was spiked with 2x10% ¥ or Tc23 T,
eruzi trypomastigotes. After 24 h at room temperature, blood was
examined for viable uypemastigotes. Video shows swimming
rypomastigote amongst red blood cells,

(AVD

Video 82 Trypomastigotes in culture after 28 d storage at 4°C.
Video is representative of 1 positive culture qut of 13 total tested (1
additional positive sample was not re-cultured due to extensive

yeast contamination). Video was taken at 400 % magnification.
AVD)

Video 53  Effect of multiple freeze/thaws an parasite viability in
the absence of cryoprotection. Trypomastigotes were stared in
RPMI-10 at —80°C for one week, between four total freeze/thaw
eycles then re-cultured in HMEC-1 cells. Video was taken at a
200X magnification. Data are representative of N=5 cultures.
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" Abstract

Introduction: Toxoplasma gondii is a protozoan parasite which can be transmitted to human through a variety of routes including blood

transfusion. This cross sectional study aimed to evaluate the seroprevalence of Toxoplasma infection and related epidemiological features

among healthy blood donors.

Methodology: A total of 1,480 healthy blood donors from five blood service centers in Fars province were analyzed for anti-Toxoplasma

- antibodies, Blood samples were tested for anti-7. gondii 1gG and IgM antibodies by enzyme immunoassay. IgM-positive samples wers also
tested for the presence of Toxoplasima DNA by Polymerase Chain Reaction (PCR). Demographic characteristics of participants were a]so

recorded during samples collection.

Results: Anti 7. gondii antibodies were detected in sera of 286 out of 1,480 blood donors corresponding to an overall seroprevalence of

19.3% in this population. From these, 182 (12.3%) were seropositive only for IgG, 81 (5.47%) were seropositive only for IgM and 23 (1.6%)

were positive for both IgG and IgM. PCR detected active parasitemia in two (1.9%) of the IgM-positive subjects. Age, place of residence and

level of education were statistically significant (p < 0.05) with seropositivity to Toxoplasma.
Conclusiens: Our results highlighted that asymptomatic blood donors, especially those with active parasitemia, may constitute a 51gmﬁcant

risk of transmitting toxoplasmosis to susceptible recipients.
Key words: Toxoplasma gondii; blood donors; seroprevalence
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. Introduction _

Toxoplasma gondii is a protozoan which infects
almost one third of world’s population [1]. The
seroprevalence of Toxoplasma varles in different
countries or even in different areas of a given country.
Although toxoplasmosis is a mild diseases in people
with competent immune system, the disease is severe
and life threatening in immunocompromised
individuals [2]. Moreover, the consequences of
congenital transmission of the parasite to a fetus are
devastating. _

The infection is usually transmiited through
ingestion of oocyst-contaminated food or water,
consumption of undercooked meat and vertical
transmission during pregnancy [3]. Furthermore,
Toxoplasma infection can be transmitted through
organ transplantation and whole blood or white blood
cell transfusion from a seropositive donor to a
seronegative recipient [4].

The infection in immunocompromised individuals
such as transplant recipients and HIV-positive patients
can result in severe consequences including
encephalitis, chorioretinitis and myocarditis [5].

Toxoplasmosis is a common infection in human
and animals in all areas of Iran, including Fars
province [6-7].In a recent study. in this region,
prevalence of Toxoplasma infection among animals
(sheep and goats) was found to be 33.3% [7].

It has been demonstrated that Toxoplasma can
transmit through blood transfusion [8]. Healthy
seropositive blood donors, especially those who are in
the acute phase of the mfectwn may play a major role
in this case [9].

The rate of Toxoplasma infection in healthy blood
donors varies in different areas of the world and this
mainly depends on the rate of infection in the
community [10-15]. In some areas, such as northeast
Brazil, north India and Egypt, more than 50% of blood -
donors have been seropositive for ZToxoplasma
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infection [11, 14, 16]. Lower rate of infection in blood
donors have been reported from Taiwan (9.3%),
Thailand (9.6%), Mexico (7.4%) or Turkey (19.5%)
[10, 15, 17-18].

Lack of information about the status of
Toxoplasma infection in healthy blood donors in Iran
justified this study which aimed to evaluate the
seroprevalence rate of Toxoplasma and its relative
epidemiological factors in asymptomatic healthy blood
donors in southern Iran. Moreover, the study aimed to
assess the possible presence of parasite DNA in
healthy donors.

Methodology
Study population

The current study was conducted between July
2012 and March 2013 in Fars province. Fars is one of
the 31 provinces in Iran and known as the Cultural
Capital of Tran. It is situated in the south of the country
and its capital is Shiraz. It has an area of 122,400 km?.
In 2006, this province had a population of 4.57 million
people. After getting approval from the ethics
committee of Shiraz University of Medical Sciences,
blood samples were taken from 1,480 healthy
volunteer blood donors from five branches of blood
service centers in the province. These centers were in
Kazeroun, Jahrom, Darab, Firouzabad and Nourabad
counties. The sample size was estimated based on the
population of the area. Demographicfeatures of
participants were recorded during sample collection.

Serological test

Sera were obtained from the fresh whole blood of
the blood donors. Moreover, buffy coat was obtained
from each samples for subsequent DNA extraction.
Samples were transferred from each blood service
centers in each county to the serology laboratory at
department of parasitology and mycology in Shiraz
{Shiraz University of Medical Sciences, Shiraz, Iran).
Samples were kept at -20 °C until use. Sera samples
were tested for anti-Toxoplasma IgG and IgM, vsing a
commercial enzyme immunoassay kit (PishtazTeb
Diagnostics, Tehran, Iran).

DNA Extraction and nested PCR

DNA was extracted from the buffy coat of all of
the IgM positive samples. DNA of each sample was
extracted, using proteinase K and lysis buffer followed
by phenol/chloroform/isoamyl extraction. Absolute
ethanol was used to precipitate the DNA. Precipitated
DNA was resuspended in 100 pL of double distilled
water and stored at 4°C until use. Nested PCR was

J Infect Dev Ctries 2014, 8(4):543-547,

performed as described by Asgari et al. [7]. Nested
primer sets were used for amplifying fragments of the
B1 gene of Toxoplasma gondii. The outer primers
which produced an amplified product of 432 bp were
from bases 171 to 190 (5"-CCG TTGGTT CCG CCT
CCT TC-3") and .from bases 602 to 583 (5°-GCA
AAA CAG CGG CAGCGT CT-3"). Inner primers
were from bases 180 to 196 (5-CCG CCT CCT TCG
TCCGTC GT-3") and from bases 392 to 372 (5'-GTG
GGG GCG GAC CTC TCT TG-3") producing an
amplified product of 213 bp.

Analysis of data :

Results were analyzed by SPSS software (version
17), with a p-value<0.05 taken as statistically
significant. Chi-squared and Fisher exact tests were
used to compare the seroprevalence values related to
the characteristics of the subjects. '

" Results

The mean age of participant was 39.1 (range: 20-
68 years of age). Most of the subjects were aged 31-40
years. Male constituted 94.3% of participants and
female were 5.7% of the subjects. Anti T. gondii
antibodies was detected in sera of 286 out of 1,430
blood donors corresponding to. an  overall
seroprevalence of 19.3% in this population. Of these,
182 (12.3%) were seropositive for only IgG, 81
(5.47%) were seropositive for only IgM and 23-(1.6%)
were positive for both IgG and IgM. Demographic
features of the blood donors are shown in Table 1.

Considering the residence of the blood donors,
Kazeroun had the highest seroprevalence rate of
Toxoplasma (25.5%) followed by Nourabad (22.7%),
Darab (18.3), Firouzabad (16.3%) and Jahroum
(14.7%) counties. The differences in Toxoplasma
seropositivity and residence of participant was
statistically  significant (p<0.05). The highest
seroprevalence rate of Toxoplasma (31.2%) was found
in the age group of 41-50 years while the lowest
seropositivity (16.2%) was seen in the age group of
20-30 years. The differences between age and
presence of anti-Toxoplasma antibodies was
statistically significant (p < 0.05).

Seroprevalenc erate of Toxoplasma was lower in
educated people and this difference was statistically
significant (p < 0.05). The seroprevalence rate was
higher in married subjects than in unmarried ones and
the differences were significant (p < 0.03).
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Table 1. Pemographic characteristics of blood donors and relative seropositivity to T. gondii in Fars province, southern Iran

J Infect Dev Ciries 2014; 8(4):543-547.

Positive for anti-Toxoplasma

Characteristics - F"Equ::;l ey Percent (%) (eith ::.1 ;?éd;:slgm P value
No. %
Gender
Male 1396 94.3 264 19
Female 84 5.7 22 26.2 >0.05
Age group
20-30 364 24.6 59 16.2
31-40 455 30.7 74 ’ 16.3
: <0.05
41-50 383 25.9 87 - | 227
51 through higher 262 17.7 59 22.7
Residence
Kazeroun 297 20.1 73 24.6
Jahrom 285 19.3 42 147
Darab 306 207 56 18.3 <0.05
Firouzabad 296 20 48 16.3
Nourabad 296 20 67 227
Marital status
Married 1175 79.4 242 20,6
Unmarried 305 20.6 44 14.4 <0.05
Educational level ’
Uneducated 33 2.6 g 21.1
- Primary and secondary level 603 40.9 139 231 <0.05
" Post-secondary level 498 33.6 21 16.3 )
University level 342 23.1 56 164
Occupation
Employee 398 26.9 76 19.2
Business 719 48.6 142 19.8
Housewives 77 52 21 273
Student 113 7.6 13 11.5 >0.05
Laborer 65 44 13 20
Farmer and stockbreeder 73 49 13 17.8
Unemployed ' 35 2.4 8 229
Blood group
A 399 27 89 225
B 360 243 66 18.3
AB 92 62 19 207 7005
O 618 41.8 110 17.8
Rh
Positive 1354 91.5 263 19.5
. ; >0.05
Negative 115 18 21 18.3
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While most of donors (44.7%) gave blood on a
regular basis, 28.1% of them had no experience of
blood donation before. Blood group O was the most
frequent group (41.8%) and AB was the least frequent
(6.2%) biood group. No correlation was found
between Toxoplasma seropositivity and ABO or Rh
blood group (p > 0.05). Moreover, no association was
found between the occupations of participants and
Toxoplasma seropositivity (p > 0.05). .

All of IgM-positive samples were tested for the
presence of Toxoplasma DNA. Toxopiasma DNA was
detected in two of IgM-positive samples (1.9%). These
two samples were positive for only IgM but not IgG.
Correlation between IgM positivity and PCR resulis
was statistically significant (p = 0.005).

Discussion

Presence of organism in blood during the course of
infection ensures its transmission through transfusion
[9]. Moreover, the ability of organism to survive in the
stored blood is another factor which increases the
chance of transmission through transfusion. It has been
found that tachyzoites of Toxoplasma can survive in
stored blood for several weeks [19]. During the course
of active infection, Toxoplasma might be present in
blood and this would be a real threat for blood
recipients especially patients undergoing multiple
transfusion or those who require blood transfusion
during the course of transplantation.

The current study is the first seroprevalence study
of Toxoplasma infection among healthy blood donors
in south of Iran. Samples were taken from healthy
volunteers donating blood from five blood transfusion
centers in different geographical areas of Fars
province, south of Iran. The Iranian blood transfusion
organization (IBTO) is a naticnally qualified
organization which performs blood transfusion
procedures. IBTO has a main center in each province
and different branches in counties of each province.
Recent data show that there are twenty-three blood
donors per 1,000 population in Iran. More than 90% of
blood donations in Iran are collected from voluntary
non-remunerated blood donors and the rest is donated
as family replacement donation [20].

We found an overall seroprevalence of 19.3% in
blood donors. This rate of seroprevalence in healthy
blood donors is more or less similar fo the rates
reported from Malaysia, South India, United Arab
Emirates and Turkey [15-16, 21-22], but lower than
those reported from Brazil, Egypt and Saudi Arabia
{11,13-14].

J Infect Dev Ctries 2014; 8(4).543-547,

In a study by Ormazdi ef al, the rate of
Toxoplasma infection in blood donors referred to
Tehran blood transfusion organization has been
evaluated. Among 250 healthy volunteer blood donors,
132 (52.8%) cases have been positive for IgG and nine
cases (3.6%) for IgM anti-Toxoplasma antibodies [23].

In the current study, differences in the
seroprevalence rate of Toxoplasma in different
donation centers of the province were statistically
significant as people living in Kazeroun and
Nourabadhad had a higher seroprevalence rate of
Toxoplasma than others. This might be due to the
differences in climate condition of these two areas
whose temperature is milder than Firozabad, Jahrom
or Darab. This might increase the chance of survival of
oocysts in the environment and a higher transmission
rate of Toxoplasma through contaminated food or soil, |

High seroprevalence of T. gondii with age detected
in this study is consistent with other studies conducted
on this subject [11,17-18]. The increase in risk of
acquiring Toxoplasma for elder people may be due to
a longer lifetime exposure of these people to
Toxoplasma-contaminated environmental sources.

Seroprevalence of Toxoplasma was higher in .
married compared to unmarried subjects in this study.
Considering the association of age and Toxoplasma
seropositivity, this might be more related to the age of
the married subject, rather than to the marital status,
which is higher for married participants.

The inverse rate of seroprevalence with the level
of education detected in our study has been also
documented in previous studies {11,14,18].

Gender was not associated with Toxoplasma
seropositivity and it is difficult to draw any relation
between sex and seroprevalance since more than 90%
of people donating blood are males. The presence of
IgM anti-Toxoplasma antibodies reflects the risk of!
transmission through transfusion. The seroprevalence
rate of IgM anti-Toxoplasma antibodies in blood
donors varies from 2.4 to 5% [12]. In our study, 5.4%
of the blood donors were seropositive for IgM and
1.6% was tested positive for both IgG and IgM. More
importantly, Toxoplasma DNA was detected in blood
samples of two of IgM positive cases. The presence of
parasitemia revealed. by PCR in IgM-positive healthy
bicod donors ensures the likelihood of transmission of
Toxoplasma through blood transfusion.

Conclusion

In conclusion, considering the relatively high
seroprevalence rate of Toxoplasma infection in blood
donors reported in this study, and in view of the fact
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that [gM-positive individuals might have tachyzoites
in their blood, toxoplasmosis should be considered as
a significant transfusion risk in this region and alse in
any region with similar conditions. Appropriate
strategies should be adapted to reduce the risk of
acquiring toxoplasmosis through blood transfusion. It
can be suggested that immunosuppressed recipients
and pregnant women receive T. gondii antibody-
negative blood components for transfusion.
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TRANSFUSION COMPLICATIONS

Assessment of prion reduction filters in decreasing infectivity of
ultracentrifuged 263K scrapie-infected brain homogenates in
“spiked” human blood and red blood cells

Franco Cardone,™ Samuel Sowemimo-Coker,?* Hanin Abdel-Hagq,"* Marco Sbriccoli,?
Silvia Graziano,' Angelina Valanzano,’ Vito Angelo Berardi,’ Roberta Galeno,’ Maria Puopolo,’ and
. Maurizio Pocchiari!

.BACKGROUND: The safety of red bleod cells (RBCs)
is of concern because of the occurrence of four
transfusion-transmitied variant Creut=feldt-Jakob
disease (vCJD) cases in the United Kingdom. The
absence of validated screening tests requires the use of
pfocedures to remove prions from blood {0 minimize the
risk of transmission. These procedures must be vali-
dated using infectious prions in a form that is as close
as possible to one in blood.

STUDY DESIGN AND METHODS: Units of human
whole blood {WB) and RBCs were spiked with high-
speed supernatants of 263K scrapie-infected hamster
brain homopenates. Spiked samples were leukoreduced
and then passed through prion-removing filters (Pall
Caorporation). In another experiment, RBCs from 263K
scrapie-infected hamsters were treated as above, and
residual infectivity was measured by bioassay.
RESULTS: The overall removal of infectivity by the
filters from prion-spiked WB and RBCs was approxi-
mately iwo orders of magnitude. No infectivity was

‘detected in filterad hamster RBCs endogenously
infected with scraple.

CONCLUSION: The use of prion-removing filters may
help to reduce the risk of transiusion-transmitted vCJD,
To avoid overestimation of prion removal efficiency in
validation studies, it may be more appropriate to use
supernates from uliracentifugation of scrapie-infected
hamster brain homogenate rather than the current
standard brain homogenates.

880 TRANSFUSION Volums 54, April 2014

I patients infected with the variant Creutzfeldt-

Jakob disease (vCID) agent by blood iransfi-

sion received nonleukoreduced cells sourced

from asymptormatic vCJD donors.! No case of
infection has so far been reported in recipients of
leukoreduced red blood cells (RBCs), suggesting that
leukoreduction is an important safety procedure:
However, data from experimentally prion-infected
animals show discordant resuits -on the efficiency of
leukoreduction in removing infectivity*® leaving uncer-
tainties on the real efficacy of this procedure for the
safety of human blood. Moreover, partition of prion
infectivity in blood constituents (i.e., RBCs, white blood
cells [WRCs], platelets, and plasma) in different prion-
infected ‘sheep and rodents varies considerably?+!
warning about extrapolating level of infectivity in human
blocd. based on results produced by experimental
models. Thus, it is possible that leukoreduction alone

ABBREVIATIONS: 87 = high-speed supematant;
vC]D = variant Creutzfeldt-Jakob disease; WB = whole blood,
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does not guarantee the safety of blood or plasma; hence
recipients of leukoreduced blood sourced from vCJD-
infected donors might eventually develop disease with
very long'incubation periods. Despite the disappearance
of clinical cases, the high prevalence {1 in 4000 to 1 in
10,000 peaple} of variant CJD infection estimated for
the UK population’® calls for continued attention to
the risk of secondary person-to-person transmission
through blood transfusions. Finally, the possible reported
case of vCJD infection in an elderly hemophilia patient
who received batches of Factor VIII concentrate prepared
from inedvertently infected plasma pools indicates that
this mode of transmission is likely and that prion infec-
tivity is present in human plasma from vCJD-infected
donors.!

In the past years, several “ad hoc” devices, such as
resins or filters with high prion-binding capacities, have
been developed to remove prion infectivity with the aim
to improve the safety of blood by overcoming the pos-
sible low efficacy of leukoreduction. These devices were
validated by using either human blood spiked with

- scrapie-infected hamster or mouse brain homogenates
or blood taken from hamsters infected with the 263K
strain of scrapie®3® $piking blood with brain
homogenates, however, might overestimate the amount
of prion removal because infectivity in brain tissues
tends to form large aggregate that might enhance the real
clearance effect of devices."” On the other hand, valida-
ton studigs performed with blood taken from infected

-animals has the disadvaniage to contain low levels of
infectivity and therefore underestimate the potential effi-
ciency of prion removal,

To overcome these criticisms, we spiked human
whole blood (WB) and RBCs with high-speed
(ultra)centrifuged homogenates prepared from brains of
263K scrapie-infected hamsters, which is likely the best
available spike for representing the physical infectiou
particles circulating in bleod.'!® Such .

PRION REMOVAL BY PRION REDUCTION FILTERS

WB in CPD anticoagulant and RBC in CPD plus
saline-adenine-glucose-mannital. ‘

Scrapie-infected (263K strain) blood was collected by
intracardiac puncture of diseased hamsters, mixed with
citrate-phosphate-double dextrose and fractionated at
3500 x g for 20 minutes at 25°C. RBCs (155 mL) were col-
lected and mixed with 62 mL of saline-adenine-ghicose-
mannitol: All samples were stored at 4°C.

Preparation of prion spike and
filtration procedures

The hamster-adapted 263K scrapie strain was used for
spiking into units of human WB and RBCs from healthy
blood donors. Brains of scrapie-diseased hamsters were
processed to obtain infectivity devoid of large aggregates
of PrP™® according to a published procedure from our
group.'”!® Briefly, a 10% brain homogenate in phosphate-
buffered saline (PBS) was sonicated (10 sonication pulses,
Vibra Cell, Sonics & Materials, Inc., Newtown, CT) and
clarified at low speed. The supernatant was further soni-
cated as above and ultracentrifuged at 200,600 x glor 30
minutes. The resulting high-speed supernatant (SH%) was
used for spiking 2 pooled units of WB (540 ml) and 2
pooled units of RBCs {540 m1). The ratio between 8% and
WB or 8% and RBC was always 1:9 to keep the final con-
centration of 263K scrapie-infected brain at 107 g
equivalent/mTL (Fig. 1, left panel). Spiked WB and RBCs
were leukoreduced by commercial filters (WBES for blood
and BPF4 for RBCs, Pall Corporation), divided in two iden-
tical aliquots, and finally filtered through either LAPRFI or
LAPRE? filters (Leukotrap, Pall Corporation).? RBCs from
283K scrapie-infacted hamsters were leukoreduced with a
BPF4 filter (Pall Medical, Pall Corporation) and then pas-
 saged through a LAPRF? filter (Fig. 1, right panel).

preparations were used for measuring Human Blood Human RECs Scrapie-infected RECs
the removal of prion infectivity in (S40ml) o oo (A0 o rea {217 ml)
blood by affinity prion reduction filters (60 mi) (5D mL)
(LAPRF1 and LAPRE2, Leukoirap, Pall _
Corporation, East Hills, NY).%1516 v Bioassay v Bicassay A4

WBF2 BPF4 BPF4

MATERIALS AND METHODS

Supply of blood and RBCs
Prof. G. Girelli {Centro Trasfusionale, l

LAPRF1

Policlinico Universitario “Umberto I”
Rome, Italy) and Dr E. Mannela (Centro
Aziendale Produzione Emocomponent,
8. Camillo-Forlanini Hospital, Rome,
Italy) provided units of normal human

Bioassay

LAPRF2  1APRF1 LAPRF2 LAPRF2
v l \!/ v
Bipassay Bipassay Bioassay Bioassay

Fig. 1. Flow chart of experiments with prion-removing filters. WBF3 and
BPF4 = WBC blood filter; LAPRF1 and LAPRE2 = WRBC affinity prion reduction fiter.
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TABLE 1. Bioassay of infectivity in filirates of S¥-spiked human blood and REBCs, in prefiltered and filtered
RBCs from scrapie-infected hamsters, and relative removal factors
Dilution of spiked Infected/ Infectivity
Samples sample (volfvol) Inoculated {log LDso/mL) RF* {log}
wB : )
Prefiitered Undilutedt 9/9 3.4
19 4/5
1072 4/
10° o0/6
WBFS/ILAPRF1 Undilutedt 3/6 1.3 2.1
WBF3/LAPRF2 Undilutedt 1/6 <1.3 >2.1
Concentrated RBCs
Prefiltered Undilutedt 1515 3.7
107 9/9
1072 8HO
107 110
10 00
BPF4/LAPRF1 Undilutedt 5/6 >1.3 <2.4
BPF4/LAPRF2 Undilutedt 11H16 1.7 2.0
107 310
. 1072 oMo
Concentrated RBCs from acrapie-infected hamsters
Prefiltered Undiluted 6/84%.§ 1.5 (0.6)ll —
BPF4ALAPREF2 0/84§ <D.2 (0.2)1 20.9
* RF = remaval factor, calculated as log titer of prefiltered samples minus log titer after filtiration.
+ Undiluted sampiss contain 102 gram eduivalents of braln/mL. )
T One animal was asymptomatic when killed at 514 days after inociiation but resulted positive for PrP% in the brain at the Westem biot
analysis.
§ p=0.0176 (Fishers exact test).
It Title estimated as reporied by Gregori end colleagues™ and expressed in JD/mL (SD).

Bicassay

Infectivity was measured in recipient golden Syxian ham-
sters by intracerebral injection (50 pl./animal) of human
spiked samples and scrapie-infected hamster RBCs before
leukoreduction and after passage through Pall Leukotrap
filters {Fig. 1). Pre- and postfiltered RBCs from scrapie-
infected hamsters were subjected to four cycles of freezing
and thawing before inoculation in recipient hamsters.
When appropriate, samples were serially 10-fold diluted
in PBS before incculation {Table 1) and infectivity calcu-
Iated by the Reed and Muench method in samples inocu-
Iated at serfal dilutions or, when a single dilution was
injected, estimated by the percentage (equal, lower, or
higher than I LDs) of animals that developed scrapie. In
our bioassay conditions 1 LDs, corresponded to 1.3 Iog
LDso/mL. In RBCs from scrapie-infected hamster, infectiv-
ity was calculated by the limiting dilution method accord-
ing to the Poisson distribution' (Table 1). Fisher's exact
test (one tailed) was used to assess the significance of the
different distribution of scrapie-aifected animals in fil-
tered and unfiltered RBCs from 263K scrapie-affected
hamsters.

Animals were observed daily for the appearance of
clinical signs and sacrificed at the terminal stage of
disease or, when asymptomatic, between 17 and 18
months -after inoculation. Brains were removed and
divided sagittally and then half the brain was fixed in 10%
buffered formalin for histologic examinations and the
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other halfbrain was frozen at -70°C for PrPTSE detection by
Western blot.!® All the animals used in these studies were
housed at the animal facility of the Istituto Superiore di
Sanita under the supervision of the Service for Biotechnal-
ogy and Animal Welfare of the ISS thatwarrants adherence

to national and international regulations on animal
welfare. '

RESULTS

263K-§"°-spiked human samples

Human WB and RBCs spiked with $% showed similar
infectivity titers (3.4 and 3.7 log LDs/mL, respectively;
Table 1) suggesting that different substrates do not influ-
ence the measurement of infectivity. End-point assays of
iltered samples were only performed once (RBCs through
BPF4 and LAPRE? filters) because we expected more than

2 logs of infectivity removal after passage through prion-

specific filters. In other words, less than 50% of animals
developed disease after inoculation with undiluted
samples. However, this low percentage of diseased
animals (1 in 6) occurred onlyin those inoculated with the
WBF3- and LAPRF2-filtered sample of spiked WB
(Table 1). In the other samples, 50% of hamsters devel-
oped disease when inoculated with the WBE3- and
LAPRF1-filtered WB. In contrast to filtered WB samples,
undiluted scrapie-contaminated RBC samples processed
through BPF4 and LAPRF1 or BPF4 and LAPRE? caused



scrapie infection in 83 and 69% of inoculated znimals,
respectively. The BPF4- and LAPRF2-filtered sample,
however, was also end-point assayed resulting in two
orders of magnitude infectivity removal. We could have
‘used the dose-response method for estimating infectivity

titer in the BPF4 and LAPRF1 RBC sample but the unex- -

pectedly great variability of incubation periods in this and

other samples, possibly due to interference with some -

unknown factors in blood and RBCs, made this optmn
unfeasible.

Removal of endogenous infectivity from
scrapie-infected hamster RBCs

The RBC preparation from 263K scrapie-infected ham-
sters showed a titer of 1.48 ID/mL (Table 1). Five of the 84
recipient hamsters developed scrapie disease with incu-
bation periods ranging from 157 to 287 days. The sixth
infected anirnal did not develop clinical signs but was
PrP5 positive at the Western blot analysis. When the RBCs
were filtered with BPF4 and LRE2 filter combination, there
was no detectable infectivity in recipient intracerebrally
inoculated hamsters (Table1). No animals developed
clinical signs of disease up to the end of the observation
period (511-528 days) and none were PrP* positive in the
brain at the Western blot analysis. Thus, the combination
of BPF4 and LAPRF2 filtration remaoved all endogenous
infectivity, which, however, resulted only in 0.9 log reduc-
tion because of low endogenous infectivity in the ongmal
RBC sample.

DISCUSSION

Filters with high prion-binding capacity were developed
for increasing the safety of bloed in addition to
leukoreduction and other precautionary measures to
‘minimize the risk in relation to transfusion-transmitted
vCID."® Clinical trials in healthy volunteers showed that
prion-removing filters are safe® and do not substantially
alter the content of hemoglobin or BBC quality,? but there
is still uncertainty on the cost-effectiveness of these filters
for their routine use in transfusion medicine® and
whether available validation studies are relevant in

proving their real efficiency in removing prion infectivity .

from blood of donors with vCJID infection.51°

The aim of this study was to provide further informa-
tion on the efficiency of two prion-removing filters
(LAPRF1 and LAPRFZ) by spiking human blood and RBCs
with brains of 263K scrapie-infected hamsters containing
high prion infectivity in a poorly aggregated format
(8%9).71% This ultracentrifuged spike represents a sound
alternative for validation studies aimed to prove the effi-
ciency of devices for removing prion infectivity from body

fluids where prions are likely to be in the poorly aggre- .

gated forms. This poorly aggregated form of infectious

PRION REMOVAL BY PRION REDUCTION FILTERS

prions differs from those present in brain extracts or
microsomal fractions. Recently, a validation study per-
formed with the S spike preparation showed that several
brands of nanofilters with pore sizes between 20 and -
15 nm removed approximately two orders of magnitude
tess infectivity than previously found with “standard”
spikes.!” This report from Cardone and coworkers!” sug-
gests that the 8" fraction contains infectious particles
with a mean size smaller than 15 or 20 nm in line with the
size estimated by Silveira and colleagues.® Thus, one must
be cautious in the interpretation of process removal
results based on spikes containing highly aggregated .
prions. Results from our current study show that previous
validation experiments performed with “standard” spikes
had overestimated the magnitude of the efficiency of

* prion removal filters by as much as two orders of magni-

tude (TFable 2). Our data also suggest that this highly
soluble, nonaggregated form of infectious prion is not
removed by leukoreduction, especially considering that in
our experimental setting the $*-spiked samples were ini-
tially leukoreduced before filtration with prion removal
filters. This may also explain the data from Gregori and
coworkers® that showed only 50% reduction in infectivity
with leukoreduction presumably due to the removal of
cell-associated mfecumy and aggregated forms of infec-
tious prions.

Our data show that there was no significant difference
in infectivity reduction between the 22-layer (LAPRF2)
and the 10-layer (LAPRF1} prion-specific filtering mate-
rial, suggesting that the latter might be adequate for
improving the safety of WB or RBCs contaminated with
infectious prions. Although ihese devices work differently
from nanofilters,* it is Likely that their efficiency also
depends on the level of prion aggregation, which may
explain the observed difference in performances between
the 10- and 22-layer filters when “standard” spike was
used in an infectivity assav.'® The level of this agaregated
form of infectious prion is low in endogenously infected
WB, ptasma, or RBCs, and it is likely similar to that present
in the spike preparation used for our study. The discrep-
ancy between the incomplete removal of infectivity by

- BPF4/LAPRF? filters challenged with RBCs spiked with SHS

and the complete remaval of infectivity by the same BPF4
and LAPRF2 filters challenged with endogenous RBC
infectivity is likely because of low endogenous infectivity
in the original RBC sample. Alternatively, S% might
behave differently from endogenous blood infectivity.

In conclusion, we are aware that infectivity titers of
somne samples were estimated with very small numbers of
animals and that the final efficacy of prion-removing
filters should be direcily assessed in human blood with
endogenous vCJD infectivity. However, this achievement
would be difficult to assess in the near fiture because
of the lack of systems able to demonstrate prion infectivity
in blood of vCJD patients with the required level of
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TABLE 2. Removal of blood infectivity by affinity prion filters or resins
Infectivity ) Affinity Residual  Reduction Titration ~
TSE strain preparation Substrate prion filter infectivity  factor (log) - assay Reference
Scrapie 263K 1% clarified Human LAPRF2* Yes 37 End-paint Sowemimo-Coker
(3000 x g% 3 min) RBCs bloassay | etal?
hamster BH in PBS
0.1% clarified Hurnan Resin L03 Yes 40 Bioassay Gregori stal.®?
{12,000 % gx 15 min} RBCs Hesin L13 Yes 4.2
and sonicated Resind21 Yes 0.4
hamster BH in 0.5% Resin L46 Yes 3.3
sarkosyl/PBS Resin L51 Yes 40
Resin L70 Yes 27
Endogenous RBCs in None LAPRF2* No >0.7 Bioassay Sowemimo-Coker
0.5% sarkosyl/PBS etal?
LAPRF1* No >1. Bioassay Sowemimo-Coker
' et al 15§
LAPRF1* Yes >0.7 Bloassay . Sowemimo-Coker
LAPRF2" Yes 0.7 Bioassay etal'®g
WB in CPD None Resin Li3 Yas/No >1.2 Bloassay Gregori et al.™
Resin L13AY Yes/MNo >1.2 Bloassay
Serapie RML 0.07% mouse brain Human LAPRF1* | Yes 1.4 Stendard scrapie  Sowemimo-Coker
homegenate {no RBCa B1451AQ No »2 ocell assay et al*®
detalls were glven)} B1570Al No >2
. . B1570AK No »2
Scrapie PG127  Endogenous RBCs in Neone Combinationt No NA! Bioassay Lacroux et )5
CPD - LA plus™ Yes NAY|
* Pall Comporation.
t P-CAPT.
1 ASAHI-KASEL
§ Sowemimo-Coker et al.” contains updated results from a study first deseribed In Sowemimo-Coker et al.
Il, T NA = ot available; all {n = 5} sheep inoculated with unfiltersd RBCs developed disease, while nona (0/5)i or 1 (1/5)F with filtered RBCs.

sensitivity and dynamic range necessary for velidation
studies.’”® Thus, the findings that Pall leukoreduction in
combination with the LAPRF prion-removing filters effi-
ciently reduce low aggregated prions of approximately
100-fold should encourage the use of thiese fiiters for mini-
mizing the risk of transfusion-transmitted vCJD in coun-
tries, such as the United Kingdom, with a high prevalence
of vCJD infections.”? Whether these devices should also be
used for preventing the still uncertain possibility of spo-
radic CjD transmission via blood transfusion®?* remains
10 be determined.
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Abstract’ ‘ ‘ :
The emergence of variant Creutzfeldt Jakob Disease (vCID) is considered a likely consequence of human dietary exposure to
Bovine Spongiform Encephalopathy (BSE) agent: More recently, secondary vCJD cases were identified in patients transfused
with blood products prepared from apparently. healthy donors who later went on. to develop the 'disease. As there is no
validated assay for.detectiony of vCID/BSE infectéd individuals the prevalence of the disease in the population remaing’
uncertain. In that context; the risk of WCID blood borne transmission is considered as,a serious concern by health authorities.
In this study, appropriate cohditions and substrates for highly efficient arid specific in vifro amplification of vCID/BSE agent
using Protein Misfolding Cyclic Amplification (PMCA) were first identified. This showed that whatever the origin (species) of
the vCJD/BSE:agent, the ovine Q5 PrP substrates provided the best amplification performances. These results indicate that
the hormology. of PrPamino-acid seqiience between the seed and the substrate’is niot the crucial determinant of the vCJD
agent propagation in vitro. The ability of this riethod to detect endogenous vCID/BSE agent in the blood was then defined.
In.both sheep and primate models of the disease, the assay enabled the identification of infected individuals,in the early
pretiinical-stage of the incubation period. Finally; samiple panels that irncluded buffy coat from vCID affected patients and
healthy controls were tésted blind, The assay identified three out of the four tested vCID affected patients and no false
positive was observed in 141 healthy controls. The negative results observed in one of the tested vCID cases cancurs with
results reported by others using a different vCID dgent blood detection assay and raises the question of the potential
absence of prionemia in. certain patients. . i ‘
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Introduction been treated with one batch of FVIIT that was manufactured using

plasma from a donor who developed vCID six months after
donating blood [6]. '
The total number of vCJD clinical cases identified so far
remains limited (225 patients worldwide at the time of writing).
- However the prevalence of vCJD} infected and asymptomatic
individuals in the BSE exposed population remains extremely
uncertain [7]. A first retrospective analysis of stored lymphoid
tissues indicated that vCJD prevalence in the UK could approach
1 out of 4000 individuals, though with wide confidence intervals
[8]. More recently 32,441 appendix samples, collected during

The emergence of variant Creutzfeldt Jakob Disease (vCJD) is
considered a likely consequence of human dietary exposure to the
Bovine Spongiform Encephalopathy (BSE) agent [1]. Both
primate and sheep experimental models rapidly indicated that
vGJD/BSE could be transmitted by blood transfusion {2,3]. To
date, three vCJD cases and one vCJD infected but asymptomatic
individual have been identified in the United Kingdom (UK), in
patlents that received Red Blood Cell units from donors who
developed symptoms of vCJD 17 months to 3,5 years after

donatien [4,5]. More recently, one preclinical vGJD case was
reported in the UK in a haemophiliac patient. This patient had

PLOS Pathogens | www.plospathogens.org

surgery on patients born between 1941 and 1985 were tested for
abnormal prion protein accumulation, This study indicated a

June 2014 | Volume 10 | Issue 6 | 1004202



Author Summary

Variant Creutzfeldt Jakob Disease {(vCID) cases were
identifiedt in patients whe received blood products that
had been prepared from donors who later developed the
disease, The blood borne transmission of vCID s a major
concern for blood transfusion banks, plasma derived
products manufacturers and public health authorities, A
vCID blood screening test would represent an Ideal
solution for identifying donors/blood donations that might
be at risk. In this study, we describe a blood assay which is
based on the in vitro amplification of vCID agent by
Protein” Misfolding Cyclfc Amplification (PMCA). In vCID
animal maodels (sheep and primate), the assay eénabled the
identification of infected individuals in a very early stage of
the asymptomatic incubation phase. We also provide
evidence of the high specificity and the high analytical
sensitivity of this assay using blood samples from vCID
affected and healthy patients.

likely vQTD prevalence estimate of 1 in 2,000 in these age cohorts
(95% Confidence Interval ranging from 1 in 3,500 to 1 in 1,230)
[91.

In addition, human PrP transgenic mouse models indicated that
the BSE agent can colonize lymphoid tissues without propagating
to detectable levels in the brain and causing elinical disease, This
suggests the possibility of silent carrying by vCJD infected
individuals [10]. -

This data raised major concerns about the possible occurrence
of inter-individual jatrogenic vCJD transmission in particular by
blood and blood products. Despite a decade of efforts, there is
currently no validated test that would allow the identification of
vCID infected but asymptomatic individuals or the screening of
blood donations for the presence of the vGJD agent [11].

There is currently limited information related to the infectivity
level and distribution in the blood components of vG]D affected
patients. Bioassay testing of blood fractions from a single vG]D
affected patient indicated an infectious titer of .45 ID per mL of
blood which was approximately equivalent to the infectivity found
in 1 pg of a reference vCJD brain sample [12]. Such low infectious
titer makes the direct detection of prion in blood difficult to
achieve, Like in various TSE animal models’ fmice, hamsters,
sheep and cervids), a substantial part of the infectivity in this
patient was associated with white blood cells (WBC) [13-16]. This
suggests that WBG could be an appropriate target to detect
endogenous vCJD agent presénce in human blood,

Prions are primarily composcd of multimers of a misfolded form
{PrP%) of the host-encoded prion protein %’rPc) They propagate
by recrumng and convertmg PrP° into PrP* and fragmentatlon of
PrP*® multimers is thought to provide new PrP* seeds for the
conversion reaction. The Protein Misfolding Cyclic Amplification
{PMCA) technology is aimed at replicating this phenomenon in
vitro, allowing amplification of mmute amounts of prions [17]. It
facilitates the combining of a PrPC -contammg substrate with
previously undetectable amounts of PrP by repetitive cycles of
incubation and sonication leading to amphﬁcanon of abnormal
PrP, With this potential [-ugh sensitivity, PMCA. has been
proposed for prion detection in blood, and studies have been
carried out in scrapie-infected hamsters and sheep that validated
the concept that blood associated PrE™° cam be amplified by
PMCA [14,18,19]. However, despite the ability to amplify brain-
derived vCJD agent by PMCA, the reported amplification
performance was considered too limited for reliable detection in
blood [20,21].

PLOS Pathogens | www.plospathogens.org
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In this study, we first identified PMCA substrate and conditions
that allow highly efficient and specific amplification of the vGJD/
BSE prions. We then show, using white blood cells as a template,
that this method enables the identification of vCJD/BSE in
asymptomatic experimental animals in the early phase of the
incubation period.

Methods

Ethics statement

All animal experiments have been performed in compliance
with institutional and French national guidelines, in accordance
with the European Community Council Directive 86/609/EEC.
Primates were housed and handled in accordance with the
European Directive 2010/63 related to animal protection and
welfare in research, under constant internal surveillance of
veterinarians, in level-3 confined facilities entirely dedicated to
prion research (agreement numbers A 92-032-02 for animal care
facilities, 92-189 for animal experimentation), where cynomolgus
macaque is the only housed animal species. Primates were placed
in individual cages {a maximum of 20 cages per room) in six
separate roonis, taking into account different parameters including
the experiment they belong, their ages, their sex, their affinities to
each other and their hierarchical status. Social enrichment was a
constant priority, through individual activities and feeding
according to the infectious risk, Animals were handled under
anaesthesia (including blood sampling) to limit stress and avoid
injury of handlers, and euthanasia (barbiturate overdose) was
performed for ethical reasons when animals lost autonomy. The
blood donor animals used in this study were included in
experiments that were approved by the CETEA ethical committee
(French Ethical Committee N°44, approvals 12-020).

Sheep were housed in level -3 containment animal care facilities
(agreement numbers C-31-555-227 for animal care facilities, 31-
09-555-47 for animal experimentdtion). The experimental proto-
col (oral challenge and blood collection) was approved by the
Camité d’éthique Midi Pyrénées (ref MP/05/05/01/12).

Each healthy blood donor was individually informed and gave
his/her written consent for using the collected samples in a
scientific study. One vGJD blood sample included in the first panel
of human blood samples was collected from a French patient at the
clinical stage of the disease. According to French regulation,
written informed consent for the use of this sample was obtained
from the next of kin. Collection, storage and use of blood samples
from vC]D patient included in this study was approved by national
ethical authority (PHRC ref 2004-D50-353).

The use of the second human blood sample panel that was
provided by the MRC Prion Unit, London, (United Kingdom) was
appraved by a UK national ethical committee (authorization
number 03N/022). These samples were analyzed anonymously.

Finally, the experimental protocol on animals and the use of
human samples was examined and approved by the INRA
Toulouse/ENVT ethics committee.

Sheep oral inoculation with BSE

TSE free sheep were produced in the Defra ‘New-Zealand
flock” which was a unique source able to provide animals that can
be considered free from classical scrapie [22]. The animals
included in our experiments were imported into France and
housed in dedicated scrapie free facilities before their use in
experiments. In all cases, PrP genotype was obtained by
sequencing the Exon 3 of the PRNP gene s previously described
[23,24].
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Figure 1. Relative performances of vCJD/BSE agent amplification by Protein Misfolding Cyclic Amplification using brain from
transgenic mice expressing different species PrP sequences as substrate. PMCA reactions were seeded with ten-fold dilution series of vCID/
BSE brain material {1072 10 1077 from different species {(human, cynomologus macague, bovine, ARQ sheep and porcine). PMCA substrates were
prepared using brain from transgenic mice over-expressing either human (methionine 129 variant, O), bovine (V), murine (O} or sheep (VRQ
variantA, ARQ variant:A) Prion protein. Unseeded reactions were included as specificity control. PMCA reactions were then submitted to 2 to 6
amplification raunds each constituted with 96 cycles (30 s sonication-30 minutes incubation at 39.5°C) in a Misonix 4000 sonicatar. After each round,
(i} reaction products {1 volume) were mixed with fresh substrate (9 volurnes) to sked the following round while (ii} a part of the same product was
analysed by Western Blot (W8) for the presence of abnormal PK resistant PrP (PrP™ -antibody Sha31 epitepe YEDRYYREL For each round, the last
dilution displaying a positive signal in WB is indicated on the graph,

doi:10.1371/journal.ppat. 10042029001

Four ARQ/ARQ sheep (6-10 months old) were orally signs and cuthanized when exhibitng locomotor signs of the
challenged with 5 g equivalent of brain material (1% brain disease that impaired their ability to eat. White blaod cells (WBC)
homogenate in glucose). The inoculum was prepared using hrain from age and breed matched uninoculated TSE free ARQ/ARQ.
from an ARQ/ARQ sheep experimentally challenged with cattle cantrol animals (n = 60) were obtained by osmotic lysis of the buffy
BSE. Animals were then observed until the occurrence of clinical  coat {one valume) with ACK solution (one volume) (NH,Cl 0,15

¢
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Figure 2. vCJD/BSE, sCJD and Alzheimer seeded Protein Misfolding Cyclic Amplification reactions using brain from transgenic mice
as substrate. (A-D) WB PrP™ detection in PMCA reactions seeded with diluted 10% brain homogenates from human vCID patient (vCID Hu) or
sporadic CJD (sCID MM1, MV1, MV2, VV2 and W1), ovine BSE {BSE Ov), porcine BSE (BSE po), or vCID in primate (vCJD pri). A Scrapie isolate (WB
centrol) and vCOID in human (vCID Hu) isolate were used as positive control in an immunoblot (Sha31 anti PrP monoclonal antibody: epitope:
YEDRYYRE, amino acid 145-152). Unseeded reactions (no seed) and reactions seeded with brain homagenate {1072 diluted, 10% - frontal cortex) from
3 Alzheimer affected patients (Alzh.) were included as specificity controls. The nature of the PMCA substrate and the number of amplification rounds

are indicated.
doit10.1371/journal ppat.i 004202.9002

M, KHCOj; | mM, NaEDTA 0,1 mM, pH 7.4) for 5 min RT.
WBC were washed 3 times with 50 mL of PBS before being
pelleted and stored at —80°C.

Control and vCID infected primates

Captive-bred 2.5 year-old male cynomolgus macaques (Macaca
Jascicularis) were provided by Noveprim (Mauritius). Primates were
checked for the absence of common primate pathogens before
importation, and handled in accordance with national guidelines.
One animal (Macaque 6) was transfused with 40 mL of blood from
a vC]D-infected primate sampled at the terminal stage of the
disease. The other primates were intravenously inoculated with
clarified supernatants (obtained by centrifugation at 1,500 g for
10 minutes after extensive sonication) derived from 10 or 100 mg
of brains from BSE- or vGJD-infected primates. Such intravenous
inoculation route is likely to mimic the contamination as it occurs
in post-transfusion vGJD secondary cases.

Primate blood samples were drawn into sodium citrate and
fractionated by centrifugation at 2,000 g for 13 minutes according
to the techniques classically applied in humnan transfusion. WBCs
were obtained by osmetic lysis of buffy coat (one volume) with
Easy-lyse {(Dako, 9 volumes) for 10 minutes RT. WBCs were
washed three times with 50 mL of PBS. Animals were handled
under anesthesia to limit stress, and euthanasia was performed for
ethical reasons when animals lost autonomy.

The majority of the blood samples used for vCJD agent
detection were obtained from archive collections. No influence was
possible on the design of blood sampling plans. The possibility of
collecting multiple samples from each animal was limited by
ethical constraints {reduction of stress to the primates). All samples
were encoded before dispatch and tested blind. None of the
primates that were involved in this experiment suffered from the
myelopathic syndrome recently described in primates challenged
with human and primates blood products [25].

Contrel and vCID affected patients

In a first experiment related to human blood, WBC from 135
healthy volunteer human donors were prepared using the same
protocol as in primates, In addition a vC]JD bloed sample collected
in a French patient at clinical stage of the disease was tested. This
blood sample was the same as the one used to measure vCJD
infectivity in blood components by bioassay in a recently published
study [12]. In this patient, vGJD was confirmed by hoth
neuropathological examination and Western blot. All these
samplés were encoded before dispatch and testing,

In a second experiment, a panel of nine buffy coat samples was
provided by the MRC Prion Unit {London, UK). This panel
comprised material collected and prepared more than 10 years
ago. It included three vCJD affected patients, and nine healthy
patients. The blood volume that was used to prepare the buffy coat
of each healthy patient varied between 3.5 to 8 mL. For one of the
vCJD cases buffy coat samples were prepared using 3.5 mL of
bload. In the two other vG]D cases the initial blood volume was
undocumented. The nature of the anticoagulant used to collect the
blood samples, the purity and the final number of WBC in the

PLOS Pathogens | www.plospathogens.org

samples was not available. None of the vGJD samples that were
included in this panel had been tested using the MRC vC]D blood
assay described by Edgeworth et al. [26).

WBC were received as a frozen cell suspension {in 50 pL of
PBS). They were re-suspended in 200 uL of PMCA amplification
Bbuffer before homogenization. The homogenates were then split in
two aid tested in parallel in INRA UMR 1225 (Toulouse, France)
and INRA UR 892 (Jouy en Josas, France).

‘Brain material from vCJD (n=4), sCJD (ene MM, one MM2,
one VV1, one VV2, and one MV2) and Alzheimer’s disease {n = 3)

" affected patients were obtained from the National Creutzfeldt-

Jakob Disease Surveillance Unit (UK-Edinburgh) or from the
French CJD national reference laboratories network [27].

For testing the inhibitory impact of red blood cells on vGJD
amplification, red blood cells from a healthy human donor were
separated from plasma and buffy coat by centrifugation (2000 g-
13 min) and washed twice in PBS, Red cells were then submitted
to two freezing/thawing cycles. The obtained red blood cell lysate
was then used in the experiment.

PMCA substrate

Transgenic mice lines that express PrP® of different species were
used to prepare substrates: tgBov (Bovine PrP, line 1g110), tga20
(murine PrP), tg338 (ovine Vi3sRy54Q171 PrP), gShXI (ovine
Ayg6R1540)7) PrP variant) and tg650 (Human Met129 variant of
the human PrF). All but the hovine PrP expressing mice (tgBov)
were established on the sarme mouse PrPX® background (Zurich I)
[28~30]. In each of these mouse lines relative PrP expression level
in the brain, by comparison to the natural host species, was
deseribed (tga20: 10-fold-1g338: 6-8 fold, tgBov/tgl10: 8-fold,
tgShpXI: 3-4-fold, tg650: 6-fold) [28,31-34]

Mice were euthanized by CO, inhalation and perfused (intra-
cardiac) with PBS pi 7.4/EDTA 5 mMol (40-60 mL per mouse).
Tle brains were then harvested and snap frozen in liquid nitrogen,
10% brain homogenate was prepared {(disposable UltraTurax —
3 min) in 4°C PBS pH 7-7.65+0.1% Triton X100+ 150 mM
NaCl (10% Weight/val). The substrate was then aliquoted and
stored at —80°C,

In order to check the PrPC prowein level in the PMCA
substrates, total protein from zn aliquot of each type of substrate
was quantified by bicinchoninic acid (BCA, Pierce). Five pg of
proteins were mixed with an equal volurne of 2X Laemmli’s buffer
before Western Blotting and PrP® immunodetection (see Western
blot section below, supplementary figure 1).

PMCA reaction and controls

The desired amount of WBC or Buffy coat were resuspended in
200 uL of 4°C PBS pH 7.4+150 mMoL NaCl+ 0.1 TRITON
X100 and homogenized at high speed (Precess 48, Bertin, France).
Samples were then spun down at 15000 g for 20 seconds and then
stored at —80°C or used fresh. 7 uL of the seed were mixed with

- 63 uL of substrate in 0.2 mL ultrathin wall PCR tubes or 96 well

rnicroplates that contained five to eight 1 mm diameter silica/
zirconium beads (Biospec Cat. No. 11079110z). Amplification was
performed in a modified Misonix 4000 cup horn (see below), using
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Ov BSE Po BSE Bov BSE

12B2

Figure 3. PrP™* western biot (WB) profile of BSE originating from various species before and after PMCA amplification. PMCA
reactions were seeded with BSE brain material {1072 dilution) from different species (boving, sheep and porcine), PMCA substrates (sub) were
prepared using brain from transgenic mice over-expressing the bovine {tgBov/tg110), the murine {tga20} or the sheep VRQ variant (tg338) Prion
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protein. PK digested abnormal PrP (PrF™) W8 profile of (i) the original isolate used for seeding the PMCA reaction, (il) the product of the PMCA
reaction and i) the brain of a mouse intracerebrally inoculated with the seeding isolate and belonging to the line used to prepare the PMCA
subsirate, were compared. (A-D) WB PrP™® signature using Sha31 anti PrP monoclonal antibody (epitape: YEDRYYRE, amino acid 145-152). (E)
Relative immunoreactivity of Sha31 (epitope: YEDRYYRE, amino acid 145-152} and 12B2 (epitope; WGQGG, amino acld sequences 89-93) anti PrP
monoclonal antibodies, In vCID/BSE, the 1282's epitope is cleaved by abnormal PrP PX digestion process. For this experiment, duplicate of each
samples were submitted to abnormal PrP extraction before migration on two different gels and Western blotted. One of the WB membranes was
probed with Sha31 while 12B2 was used for the second. On each gel a scrapie in sheep isolate was used as control (WB control).
doi:10.1371/journal.ppat.1004202.9003

a water recirculation systern (39.5°C). The reaction tubes/
microplates were then submitted to 96 cycles of 30 seconds
sonication (power 70%} followed by a 29 minutes and 30 seconds
incubation period.

After the PMCA round, 7 pL of the reaction product were
added to a new tube containing fresh substrate and a new round

amplified products were performed in different rooms using
dedicated material, '
On each PMCA run, a standard 1/10 dilution series {ovine
BSE, 10% brain homogenate, 107 to 10™% diluted) was included
to check the amplification performance. A large batch of these
controls was prepared and stored at —80°C as single use aliquots,

(96 cycles) was performed. In order to limit the cross contamina-
tion risks that are linked to serial PMCA, procedures were
employed that are similar to those in place for nested PCR. In
particular, PMCA substrates, amplification and handling of

Simiilarly unseeded controls (1 unseeded control for 5 seeded
reactions) were included on each run.

A total of 68 PMCA runs were performed in the framework of
this study. Contamination of some negative control reactions (false

BSE in sheep WBC Qyéa
(round 3) $§

[¢]
0 2 6 12 16 20 {mpi)

A

WBC round 6

.8
&
© 1 2 "3 1 2 3 4

BSE in sheep control sheep

Figure 4. PrP™* detection in PMCA reactions seeded with white blood cells (WBC) from BSE infected and healthy sheep. WBC from
BSE orally chatlenged and TSE free control ARQ/ARQ sheep were homogenised and used to seed PMCA reactions. Brain homogenate from ovine PrP
transgenic mouse (ARQ variant) was used as PMCA substrate. Each sample was submitted to up to 6 rounds of amplification. Resulting PMCA
products were analyzed by Western Blot (WB) for the presence of abnormal PK resistant PrP (PrP™* -antibody Sha31 epitope YEDRYYRE). On each gel
a classical scrapie isolate (PK digested) was used as positive control (W8 control). (A) In BSE orally challenged sheep (ARQ/ARQ), WBC prepared from
blood collected at different time points (indicated as months post inaculation: mpi) of the incubation period were tested. The first clinical signs
developed at 20 mpi. (B} BSE affected sheep (3 different individuals-20 mpi) and TSE free controls sheep (breed, genotype and age matched) wete
submitted to up to 6 PMCA rounds to check the specificity of the amplification.

doi:10.1371 /journal ppat.1004202.9004
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Table 1. PrP* detection in Protein Misfolding Cyclic Amplification (PMCA) reactions seeded with white blood cells from ARQ/ARQ sheep orally inoculated with BSE agent,

Four TSE free ARQ/ARQ sheep were orally challenged (before the age of 6 months) with 5 g of brain from BSE affected sheep. Blood was collected in these animals at
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trate. Each sample was used to seed 4 independent reactions {two different runs onto 2 different sonicators}, Five successive PMCA amplification rounds (R) were

expressed the ARQ variant of the avine PrP was used as subs!

(=) indicated that all 4 replicates were negative.

the number of PrP™* positive replicates (as assessed by Westem biot) is indicated in the table.

applied. After each amplification round,

{mpi); months past inoculation,

doi:10.1371/journalppat.1004202.t001
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positives) was observed in 4 runs that had been performed in
individual PCR tubes. In two of these runs, contamination was a
likely consequence of a fault in the tube caps (obvious loss of
reaction mixture in the tube). In two other cases the source of the
contamination remained unclear, but the WB PrP™ pattern in
false positive reactions was typical of a vCGJD/BSE prion, making a
cross contamination between tubes a likely explanation. No false
positive reaction was observed in PMCA runs that were performed
in 96 well PCR microplates. When a false positive was observed,
the complete PMCA runs were discarded and restarted from the
first amplification round.

Misonix 4000 % Sonicator modifications

Modifications consisted of the enlargement (3 mm inner
diameter) of existing holes and creation of new holes for water
recirculation in the crown surrounding the plate horn. These holes
allowed a closed water circulation systern.in the horn delivering
over 1.5 liters per minute of water, Permanent water re-circulation
was ensured by a peristaltic pump (Watson Marlow 520 U) and
deflectors were added to the horn to avoid water projection. The
water circuit consisted of 10 metres of flexible tygon tube
{diameter 9.2 mm) placed in a water bath, This system allowed
the temperature of the water in the horn to return to its nominal
value (39.5°C) within 20-40 seconds following the sonication burst
and also maintained the water level in the horn at a constant level.

The bottom of the reaction tubes or 96 well microplates were
positioned at a height of 2 mm above the horn plate and the water
level in the horn was adjusted (before each PMCA round) to be at
the same level as the reaction mixture in the tubes. Finally the
acoustic protection box containing the sonicator hom was placed
in an environment (femperature regulated room or incubator)
maintaining the air temperature between 35°C and 40°C (limit of
condensation).

Western blot (WB) of abnormal PrP

PK resistant abnormal PrP extraction (PrP™) and Western blot
were performed as previously described [35], using a commercial
extraction kit (Biorad, France). For PMCA products the equivalent
of 20 pL of reaction product were loaded on to each lane. PrP
immunodetection was performed using either Sha3! monoclonal
antibody (0,06 ug per mL, epitope: YEDRYYRE, amino acid
145-152) or 12B2 (4 ug/ml) (epitope WGQGG, amino acid
sequences 89-93). Both Sha3l and 12B2 antibodies have been
described in previous studies to bind the mouse, ovine, hovine,
porcine and human PrP® and PrP™ in WB [27,36-39].

Results

The first goal of the study was to identify a substrate and
experimental condidons that together would enable a highly
efficient PMCA amplification of vGJD/BSE agent. For that
purpose, brain material from different transgenic mouse lines .

‘_expressing ovine (A135R154.QJ7] and VRQ variants), bovi.ne,

human (Metqg variant) and murine PrPS were used to prepare
substrates. Reactions were then seeded with ten-fold dilution series
of brain homogenate from vC]JD/BSE-affected humans, primates,
pigs, cows and sheep {figure 1),

After six PMCA rounds, no PK resistant abnormal PrP (PrP™)
could be detected by Western blot (WB) in un-seeded reactions
(figure 1,2) or in those seeded with healthy brain material (data not
shown). Whatever the substrate, no PrP™ was detected in
reactions seeded with brain material from Alzheimer affected
patients {figure 2A, B},
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Figure 5. vCJD agent detection in the buffy coat of experimentally infected primates. Eight cynomologus macagues were intravenously
challenged with vCJD brain hemogenate or blood from a vCID affected macague (macague 6). At different time points of the incubation period,
blood was collected and buffy coat prepared. Clinical onset (clin) and time to euthanasia of the animals are indicated {upper label on arrows) as
months post inaculation {mpi). The buffy coat samples were used (as homogenates 1/100 diluted in PMCA buffer) to seed PMCA reactions in which
brain homogenate from ovine PrP transgenic mouse (ARQ variant) was used as subsirate. Each sample was submitted to 6 rounds of amplification
each comprising 96 cycles (30 s sonication-30 minutes incubation at 32.5°C) in a Misonix 4000 sonicator. PMCA products were analyzed by Western
Blot (WB) for the presence of abnormal PX resistant PrP {PrP™ -antibady Sha31 epitope YEDRYYRE). Samples were received encoded and tested blind.
The time point corresponding to blood samples {months post inoculation} that were tested and the results of PrP™* WB detection in PMCA reactions
ave indicated (under arrow} No positive WB result was observed before the third PMCA vound. No additional positive result was cbserved after 5

PMCA rounds.
doi:10.1371/journal.ppat.1004202.g005

All the tested substrates allowed the amplification of vGJD/
BSE, but displayed dramatically different detection limits.
Whatever the origin (species) of the BSE/vGJD agent, the ovine
PrP substrates (ARQ and VRQ) provided the hest detection
performances, t.e. positive for reactions seeded witha 107% ¢ 1078
dilution of the original brain homogenates (figures 1, 2C). No
amplification was observed in ovine substrate reactions seeded
with sGJD brain homogenates (figure 2B). All these results support
the view that the homology of PrP amino-acid sequence between
the seed and the substrate may not be the crucial determinant for
vGJD/BSE agent PMCA amplification.

Strikingly, the capacity of the human PrP substrate to amplify
the vGJD/BSE agent varied greatly according the infectious source

PLOS Pathogens | www.plospathogens.org

species (figure 2D). Human vGJD, porcine BSE and ovine BSE prions
were amplified using human PrP as a substrate but in contrast wCJD/
BSE from cattle or primates was barely or not amplified.

For all vCJD/BSE agent source/substrate combinations, the
PrP™ WB pattern (glycoprofile and mobility) observed after
PMCA amplification was indistinguishable from that observed in
the brains of the transgenic mouse line used to prepare the PMCA
substrate {figure 3A-D). In particular, the PrP™ obtained after
PMCA displayed the same low/null immunoreactivity to 1282
antibody (epitope WGQGG, amine acid sequences 89-93) as the
original vGJD/BSE isolates (figure 3E). These results indicate that
whatever the substrate, the amplified prion displays a PrP™
molecular signature consistent with BSE/vCJD.

June 2014 | Volume 10 | issue 6 | e1004202
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Figure 6, PYP™ in PMCA reactions seeded with blood samples from vCJD infected and healthy primates. Buffy coat samples (BC) or
white bload cells samples {WBC) were prepared using blood volume collected from vCID infected primates. Homogenized BC and WBC were used to
seed PMCA reactions. In all PMCA brain homogenate from ovine PrP transgenic mouse (ARQ variant) was used as substrate, Each sample was
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submitted to 6 rounds of amplification each comprising 96 cycles (30 s sonication-30 minutes incubation at 39.5°C) in a Misonix 4000 senicator. The
resulting PMCA products were analyzed by Western blot (WB) for the presence of abnormal PK resistant PrP (PrP™* -antihody Sha31 epitope
YEDRYYRE). On each gel a classical scraple isolate (PK digested} was used as a positive control (WB control). {A) BC from four different unchallenged
cynomolgus macagues (cont) and 5 different vCID affected primates (see figure 5) were blindly tested, The WB corresponds to the original one
performed before decoding the samples after & PMCA rounds (3 controls and 4 infected animals). (B} BC samples (collected between 2005 and 2012)
were prepared at different time points of the incubation period {indicated as mpi) in a vCJD Inoculated primate (intravenous route, macaque 2 in
figure 5). The animal developed clinical signs at 46 mpi and was euthanized at 58 mpi. () WBC and BC were prepared from the same blood sample
collected in a clinically affected primate {macaque 6-38 mpil. Diluted WBC and BC were used to seed PMCA reactions (see table 2).

doi:10.1371/journal.ppat.1004202.9006

In order to establish the capacity of the assay to detect

endogenous vGJD/BSE agent in the blood, WBCs from 4 sheep
orally challenged with BSE and 60 healthy control sheep were
tested using the ovine ARQ) substrate, In that experiment, the BSE
infected sheep had developed disease 20 months post incculation
(mpi) (table 1). For all the symptornatic sheep, reactions seeded
with WBC were shown to be positive after two PMCA rounds with
a typical BSE PrP™ WB pattern. After four rounds, reactions
seeded with WBCs collected at 6 mpi from some animals and at
12, 16 and 20 mpi from all animals were positive (table 1 and

figure 4A). The WBC from the 60 TSE-free controls remained

negative after 6 PMCA rounds (figure 4B).

These promising results enabled: us to test blood samples
collected from vCGJD-infected primate experiments (figure 5). This
mode] is considered to be the closest to infection in humans [2].
Buify coat (BC-n=33) and WBC (n = 14} obtained by red cell lysis
of BC from vC]D-infected (n=8) and control (n=15) cynomalgus
macaques were tested. The anirhals had been challenged by the
intravenous route using either brain homogenate {n=7) or blood
from a vCJD-affected primate and developed the disease with
incubation periods ranging from 33 to 61 months (figure 5). All
samples were encoded before dispatch and were tested blind.

After 4 PMCA rounds, blood from all the clinically affected
primnates was positive (figures 5, 6A). All the reactions seeded with
BC or WBC (1=17) from unchallenged primates remained
negative after 6 PMCA rounds (figure 6A).

In four vCJD-infected primates (macaques 2, 4, 6 and 7), BC
had been collected at different times during the asymptomatic
phase of the incubation period. The reactions seeded with BC
collected from 10 mpi to 14 mpi (more than 32 months before
clinical onset) were positive after five PMCCA rounds (figures 5, 6B).
These data indicate that vCJD infection can be detected in the
early preclinical stage in primates.

The comparison of PMCA reactions seeded with BC and WBC
prepared from the same blood samples suggested the presence of
amplification inhibitor(s} in the BC (figure 6C and table 2). The
negative cffect of red blood cell presence on the vGJD
amplification by PMCA was demonstrated by spiking a vCJD
brain dilution series with red blood cell lysate (figure 7A). The
addition of red blood cells resulted in a lack of amplification in
reactions seeded with low dilutions of vCJD brain material
(figure 7B, C). This loss of sensitivity in the vCJD amplification was
not compensated by a higher number of PMCA rounds. However
this inhibitory effect was compensateéd for/attenuated by diluting
the red blood cell tainted seed in PMCA buffer prior two
amplification. To limit inhibition, BC had to be diluted at least
fifty-fold before being processed (figure 6C, table 2). This
phenomenon could impact on the final sensitivity of the assay
when applied to BC samples and could explain some of the
negative results obtained in samples from asymptomatic but
infected primates (fgure 5 -macaque 2).

The results obtained in vCJD infected primates allowed access
" 1o a first panel of human blood samples that included WBCs from
one French vQJD affected patient and 135 healthy controls.

PLOS Pathogens | www.plospathogens.org

Samples were received encoded and tested blind, After 6 PMCA
rounds, no PrP™ was detected in reactions seeded with WBC from
human healthy controls (figure 8A). In contrast, two PMCA
rounds (figure BA) were sufficient to detect PrP™ in reactions
seeded with the vCJD affected patient's WBC,

In order to test additional samples from vC]D infected patients
we next contacted the MRC Prion Unit (London UK). They
provided us with a panel of nine buffy coat samples that included
three vCJDD cases (confirmed by neuropathology and Western blot)
and six healthy controls, The samples were received encoded and
tested blind in two laboratories (UMR INRA ENVT 1225,
Toulouse and UR 982 Jouy en Josas) using the same methodology,

In both laboratories, the PMCA results were identical. After six
PMCA rounds no PrP™ was detected in reactions seeded with BC
from the healthy controls. Twa PMCA rounds were sufficient to
detect PrP™ in PMCA reactions seeded with the buffy coat from
two of the vGJD cases (figure 8B and 9A} However, even after
these six PMCA rounds, no PrP™ was detected in reactions seeded
with buffy coat prepared from the third vCJD affected patient,

The rarity of blood samples collected in vCJD affected patients
and the lack of samples from infected patients at preclinical stage
of the disease are two major limitations for the development and
performance assessment of vCJD blood detection assays. To model
the capacity of this assay to detect lower amounts of blood vGJD
agent (as expected in patients at preclinical stage) a ten-fold
dilution series of WBC and BC samples from the three positive
vCJD patients was made.

Using the WBC sample from the French vGJD affected patient,
three amplification rounds allowed PrP™ detection in ane out of
two PMCA reactions seeded with material equivalent to 0.05 uL.
of starting whele blood (figure 94). Similarly, after three PMCA
rounds, PrP™ was detected in reactions seeded with 1073 to 1073
diluted buffy coat homogenates from two UK vCID affected
patients (figure 9B). Under the assumption that 3.5 mL of whele
bloed were used to prepare these BC (see method), these results
indicate that less than 0,5 nL of whole blood equivalent material
was sufficient to detect endogenous vCJD agent in the blood of
these two patients. .

Finally, the WBC homogenate from the French vCJD affected
patient were mixed with WBC from either eleven (8 different
pools), twenty-three (4 different pools), forty-seven (2 different
pools) or ninety-five (1 pool} healthy donors plus the WBC from
the vC]D affected patient {figure 9C). After three PMCA rounds,
‘reactions seeded using a pool constituted with up to forty-seven
healthy donors plus the vG]JD affected patient’s WBC were PrP™
positive, All the reactions seeded with pools containing only WBC
from healthy donors were negative.

Discussion

Cell free conversion assays have heen extensively used to
investigatr: PeP% induced PrE¥ to PrP conversion. Combinations
of PrP*® and PrP® from different species have provided insight into
the molecular basis for barriers to the transmission of TSEs

June 2014 | Volume 30 | Issue 6 | 21004202
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Figure 7. Red blood cell and inhibition of PMCA vCJD amplification. (A) Two vCID brain homogenate (human) dilution series (1/10 dilution,
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1072 to 10™°) were prepared (aliguots of 450 pl). Each aliquot also contained 50 uL of PMCA buffer {series 1: V) or Red blood cell lysate (human)
(series 2:¥). A third serles (serles 3: A) was prepared starting from a 1072 dilution of the vCJD brain homogenate (300 L} in which 100 uL of red
blood cell lysate have been added. In each aliquot (450 pl) of dilution series 3, 50 pl. of PMCA buffer were added. The three dilution series were then
used to seed PMCA reactions (7 uL of seed) in which ovine PrP expressing mice {ARQ variant) was used as substrate (63 L), Five successive rounds of
PMCA were performed. After each round PrP™* detection was carried out in PMCA reactions by Western blot {Sha31 anti PrP monoclonal antibody:
epitope: YEDRYYRE, amino acid 145<152). Ten unseeded controls (O) were included in the experiment. The results of the PMCA amplification after
each round are presented in graph (B). WE cotresponding te the fifth round of amplification is presented as an illustration (€).

doi:10.1371/journal.ppat.i004202,9007

between species (species barriers) and same-species hosts with
different PrP genotypes (polymorphism barriers), Results obtained
in this systemn, indicate that the reactions between PrP% and Prp©
molecules of the same sequence are more efficient than
heterologous sequence conversion, These results provided strong
support for the comcept that the sequence specificity in the
conversion of PrE® to PrP% modulates the interspecies or
intraspecies transmissibility of TSE agents [40-46].

The results obtained here when amplifying by PMCA vCJD/
BSE agents originating from different species are not full
consistent with those findings. -‘The observation that human PrP
substrate support better PrP™® amplification when seeded with
human vCJD agent than with any other source of vCJD/BSE
agents, and that the murine PrP” substrate was poorly efficient at
amplifying non-murine vGJD/BSE agents, concur with the
general conclusions derived from cell free conversion assay.
However, the fact that whatever the considered source of vGJD/
BSE agent (human, bovine, porcine etc...), the Q7 ovine PrP®
substrates provide better amplification than homologous PrP®
sequence substrates was unexpected.

PrP% amplification levels in cellfree conversion assays remain
very-limited. This is a likely consequence of the fact that the newly
formed PrP> has cither no or very limited seeding activity in this
type of assay. In PMCA each sonication cycle is believed to create
new seeding sites, including in the bulk of newly converted PrP®®,
These new seeds have the same aminao acid sequence as the PrE®
substrate and therefore the efficacy of the PrP™ conversion could
be enhanced. These differences might explain the discrepancies
between cur results and those previously reported using cell free
conversion assay.

In addition, it is worth noting that whereas conventional mice
are poorly susceptible to sporadic Creutzfeldt Jakob, they
propagate variant GJD isolates prepared from patients displaying
identical (Methionine homozygous at codon 129) PrB® sequence
[47]. This illusirates that rather than depending solely on the
donor/recipient host PrP sequence homology the capacity of a
prion to propagate efficiently in 2 host and in PMCA is also
directly dependant of its strain properties. Similarly while human
PrP substrate supported amplification of BSE adapted in ARQ),
sheep in PMCA, it did not allowed the amplification of ARQ
sheep scrapie [20,48]. This phenomenon could alse contribute to
an explanation for the results we obtained when amplifying vG]D/
BSE by PMCA in different substrates.

Whether, at the molecular level, the species specificity of PMCA
faithfully mimics the species barrier as observéd in ‘living hosts’
remains to be thoroughly assessed. Interestingly prion strains

amplified by PMCA using a homologous PrP amino acid sequence

as the substrate share identical biological properties to the parental
strain, e.g. in bioassay {49]. In addition, propagation of a prion by
PMCA using a substrate with a heterologous PrP sequence, can
result in an evolution of its strain properties identical to that
observed after in vizo propagation of this strain in the heterologous
host (i.e. PMCA can reproduce the transmission barrier phenom-
enon) [50]. Here, the vCJD/BSE agent amplification ohtained
with different PMCA PrP™ substrates paralleled to some extent the
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propagation efficiency already reported in zive. For instance, ovine
BSE propagates with an apparently similar efficiency to cattle BSE
prions in bovine transgenic mice (tgBov} [36] and with an higher
efficiency in human transgenic mice (tg650) [51]. BSE/vC]D
agents propagate with little or no transmission barrier
transgenic mice expressing the avine ARQ PrP [33,52,53] and
can be passaged in those expressing the ovine VRQ PrP variant
(tg338 mice) [54]. -

However, in our opinion, there are still missing elements to
establishing whether the PMCA amplification efficiency of an
isolate/substrate combination is systematically correlated to the
corresponcing bioassay sensitivity, In this context, a end-point
titration of the vGJD/BSE isolates used in the different transgenic
PrP mouse lines (tga20, tgBov, tg338 and tgShXD) has been
initiated.

Despite the limited number of vGJD clinical cases observed so
far (n=177) in the United Kingdom, the most recent epidemio-
logical studies indicate that, in this country, 1 out 2000 people
could carry the vCJD agent. In the absence of validated vCJD
screening assay, UK like most of the developed countries apply
systematic measures aiming at mitigating the blood borne
transmission risk of the disease. These measures represent a
substantial cost and increase the difficulty met by the blood
banking system to provide certain blood products. In that context
the added value from a vCJD blood detection assay is obvious.

The absence of human blood samples that would have been
collected in infected individuals at asymptomatic stage of the
disease represents a major limitation for developing and validating
such assay. Using the two animal models that are considered as the
most relevant for vGJD agent infection (sheep and primates), our
study demonstrates that an assay based on the in sitro amplification
of BSE/vCID by PMCA allows an early and specific detection of
infected animals,

The blind testing of two sample panels, that included a limited
number of vGJD cases (1= 4) and a substantial number of healthy
controls (n =141}, provides evidence that PMCA can be used for
detecting vCJD agent in blood in human. These results also
demonstrate the very high sensitivity of the PMCA method for
detecting the endogenous vGID agent associated to WBC/buffy
coat in three vCJD affected patients, as detection can be possible
with the equivalent of 0.5 nL of infected whole bloed. However,
despite its sensitivity, our assay failed to amplify PrP™ in the
reactions seeded with buffy coat from one of the vGJD affected
patient.

This failure might be the consequence of several non-exclusive
phenomena. First, it might be due to the sample processing.
Indeed our experiments in vCJD infected primates clearly
highlighted that buffy coat can contain PMCA inhibitors

Alternatively, this negative result might be due to a lower or
absent prionemia in certain vCJD affected patients. This
explanation would fit with the results reported by the MRC unit
in the UK using a different vGJD blood detection assay. Rather
than amplifying abnormal PrP, this assay is based on the capture
of non FK digested disease-associated PrP on a solid-state binding
matrix. Like our PMCA method, the MRC vCJD blood assay
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ibody (epitope epitope: YEDRYYRE, aming acid 145-152).

detection was carried in each PMCA reaction by Western blot {WB) using Sha31 anti PP anti

were submitted to 5 successive rounds (R) of amplification. PrP™*

doi:10.1371/journal.ppat.1004202.1002
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displayed an excellent analytical semsitivity and specificity.
However about a third of the vCJD blood samples tested so far
were score negative (6 out the 21 vCJD affected cases) [26,55,56].
The idea of a lower/absence of prionemia in certain vCJD cases is
also indirectly supported by the observations recently reported by
Mead et al. This author reported that in a vCJD affected patient
that was negative using the MRC vCJD blood detection assay, the
lympho-reticular tissues displayed unusually low PrP% accumula-
tion levels [57]. Beyond this, 2 low level or an absence of infectivity
in the blood of certain vCJD infected patients could also explain
the lack of disease transmission observed so far in certain patients
who received blood from donors who later developed vCJD [58].

To date, the presence of vCJD endogenous infectivity in human
blood has been formally established (bivassay) in a single affected
patient [12]. In that context, measuring through bioassay the
infectivity level in blood from a panel of vCJD affected patients
{including if possible vCJD blood samples that were scored
negative for PrP* presence) would be highly valuable.

For more than a decade PMCA has been reputed to be a highly
sensitive but unreliable technique [59]. Even if there is still a need
for standardisation of protocols and for an optimisation of
hardware, in our opinion, the reliability of the technique has
now reach an acceptable level. Moreover, the recent progress in
the miniaturisation of the method [60] and the demonstration that
brain homogenate can be replaced by ceil lysate [61] should
further facilitate the use of this technique.

Over the last few years alternative methods to PMCA for in »itro
amplification and detection of prions have been developed. The
quaking induced conversion (QulC} and the real time QuIC (RT-
QulIC) are based on fibrillation of a recombinant PrP (rec-PrP)
substrate triggered by the presence of a minute amount of PrpS
[62,63]. QuliC already allowed highly sensitive detection of
abnarmal PrP® in various biclogical fluids and some studies
reported its capacity to detect brain derived vGJD PrP¥ in plasma
[64-66]. The possibility of using lbacterial rec-PrP and the
apparent simplicity of - these methods are quite attractive.
However, at this stage, in case of a positive reaction, the assay
does not offer the opportunity to confirm directly the nature of the
TSE agent that triggered conversion. In contrast, since PrP™
amplified with PMCA has all the biochemical characteristics of the
original seed (in our case BSE/vC]D) this method allows the direct
identification of the vCJD agent signature in positive reactions.

Despite all the remaining difficulties, the results obtained so far
by two different methodologies (PMCA as presented here and the
abnormal PrP capture), and the rapid progress of QulC derived
technologies, zllow potential new possibilities for vC]D screening
and the prevention of its iatrogenic transmission.

Supporting Information

Figure S1 PrPT in PMCA substrate prepared using
brain from different mouse lines. Total proteins from an
aliquot of each type of PMCA substrate were quantified and five
Itz of proteins were mixed with an equal volume of 2X-Laemmli’s
buffer before Western blotting and PrP® probing using Sha3!
antibody (epitope YEDRYYRE).
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A PMCA in ARQ substrate

round 2
round 6
B
PMCA in ARQ subsirate
human BC samples
3 2 4 5 6 7 8 9
round 2
round 6

Figure 8. PrP™* in PMCA reactions seeded with WBC or BC from a vCJD affectad patients and healthy controls. (A) WBCs from a French’
vCID affected patient (vCID-WBC) and healthy controls (H-WBC) were used to seed serial PMCA amplification (six rounds). PMCA contrals included
unseeded reactions (no seed). (B) Simitarly, nine human buffy coat samples (received from the MRC Prian Unit (London, UK) were used to seed serial
PMCA amplification {six rounds). The panel included three vCJD affected patients (sample 3, 3 and 8) and six healthy controls. A vCiD brain
homogenate (10%, 1072 diluted) was used as positive amplification control. In all cases brain homogenate from ovine PsP transgenic mice (ARQ
variant) was used as substrate. PMCA products were analyzed by Western blot (WB) for the presence of abnarmal PK resistant PrP (PrP™ -antibody
Sha31 epitope YEDRYYRE). On each gel a classical scrapie isolate (PK digested) was used as positive control (WB control).

doi:10.1371/journal ppat.1004202.9008
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Figure 9. Analytical sensitivity of endogenous vCJD agent PMCA detection in the blood of affected patients. 1710 dilution series {in
PMCA buffer) were prepared using (A} WBC homogenate from one French vCID affected patient and (B} buffy coat homogenates from twa UK vCID
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s

affected patients. These dilutions series were used to seed serial PMCA amplifications (up to 6 rounds) using brain homegenate from ovine PiP
transgenic mouse (ARQ variant) as substrate. After each round, PMCA products were analyzed by Western Blot (WB) far the presence of abnormal PK
resistant PrP (PrP"™* - antibody Sha31 epitope YEDRYYRE). On each ge! a classical scrapie isolate (PK digested) was used as positive contro! (WB
control). {A) WBC homogenate from the French vCID affected patient (Hu vCJD WBC} and healthy patients (H-WBC) were submitted to three
amplification rounds, Each dilution was tested in duplicate. The equivalent whole blood ameunt used to seed the reactions is indicated in the figure,
(B) PrP™ WE detection after the first (white circle), the second (grey circle), the third (black circle) and the sixth (white triangle) round of PMCA.
Reactions were unseeded (no sead) or seeded with serial 1/10 dilution of the nine 8C samples provided by the MRC unit (London, UK), (C) WBC from
the French vCID affected patient was tested either alone or after pooling with WBC from 11 (pi2),23 (p24), 47 (p48) or 95 (p98) healthy controls, The
WBC homogenates used to prepare pools were equivalent to 50 pl of starting whaole blood. Reactions seeded with WBC from healthy controls (H-

WBC) were included as controls.
doi:10.1371/journal.ppat.1004202.g00%
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Table Laboratory data on admission
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31 : 405

YV, VAREYOFESHYRPBEEL TRV LR
PhOTAMEMEMEC Lo TR ERRER2RE |
L7ER R EME, BeBICREL-=ERERL
=

ERREATERTRE IS,
BARECRRT PR L. BRNE RERELL.

+ CBC

WBC
neutro
lymph
eosino
baso
mono
aty-lym

RBC

Hb

Ht

PLT

Coagulation
PT%
PT-INR

5500 /I
546 %
271 %
39%
06 %
138 %
00 %
522 % 10% /i
169 g/dt
498 %
16610t /i

90 %
107

Chemistry
P 7.7 g/dl
Alb 42 g/dl
T-Bil 7.6 mg/dl
DBl 5.8 mg/d!
AST 3948 1041
ALT 2726 1U/1
LDH 3153 TU/1
ALP 420 TU/!
+GTP 1419 TI/1
BUN 155 me/d!
Cre 074 mg/di
Glu 316 mg/dl
HbAlc 93 %

Immunochemistry
‘CRP 40 mg/dl
ANA {-)
AMA (=)

Viral Marker
HBs Ag
HBs Ah
HBc¢ Ab
HBe-IgM Ab
HBV-DNA
HCV Ab
HCV-RNA
HAV-IgM Ab
CMVIgM Ab
CMV-IgG Ab
CMV Ag (C7-HRP)
EBV VCA-TgM Ab

EBV VCAIgG Ab -

HEV-IgA Ab
HEV-IgM Ab
HEV-IgG Ab
HEVRNA

—
1

Y o Tt e e ma et

1 + i

(+)
{+)
(+)
{+)

1) RRWEHRL S -

2) BREREIERZLEYF M) v aRH

- 8) PR LERATRMNR, Wt ERR v —
4) EBERCERER - REERE S 1V AEHN

5) ZEAZH{LE - FEAR
*Corresponding author: tanakano@sfstarcatnejp
< BAFH20144E3 5 11H > <IRRH20144E5H 11 H >
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Genotype 4

Genotype 3

i1 B 553575 (2014)

ABZ20977_RE-JA3S_Japan_Hokkaldo
AB220976_HE~JA28. Japan_Hoikaldo
A3220979,J-1E<JM1 Jaf an Hokkaido
AB16IT16_JYW-Sap02_Japan_Hokkaldo
AB161718, J'I'S-SapOLJapan_Hokkaldo
AB220572_HE-JF4_Japan Hokkaido
AB220973_HE-JFS_Japan_Hokkaldo
ABOTA37_JKK-58p_Japen_Hokkaldo
AB220978_HE-JAT? Japan_Holkkalda
AB220975_HE-JA1S_Japan,Hokkaido
AB16I71T, JSM-Sap95 Japan_Hakkaldo

JQT4Q761_CHN-NJH2011_Ching
100 I—':' GU18835%_WHDO_China

GL118967_CHN-XISWH3_China

beesmrerammee JQE55735_WA_China

ASM93178_JYN-NIi0ZL_Japen_Nigats
ABO0934T_FE-JK4_lapan_Tochigl
AB193176_JSF-TO3G_Japar_ToReri
AB200230_JSN-Sap-FH)ZC_Japan_Hokkaida
AB193177_JYN-8ap01C_Japan,_Hokkaldo
ABDYTRTZ_HE-JA1 Japan_Hokkaldo
AB097a 11 _swJ13-1_Japan_Hokkalda
AB220871_HE-JF3 Japan_ibaragl
AB0BOE?S_HE-JI4_Japan_Tochigt
AB481227_gwB-H7 Japan_unknown
ABC7ANS_JAK-Sal_japan_Saftama

100

100

AB220974_HE-IAZ_ Japan_Hokkaido
ABGSBESA_JYE- Yamanu‘l'l _Japan, Yamaguehl
AB108537_CCC220_Chin
ABRTBYG68 EUB?-SAPU&C _Japan?China?
JQB56738_\W2-5. c'T\l'ua
AJ272108_T1_China
HM 152568 ] bisws_Ching
GLI208555, blswi_China
97 GU361892 hb-3_Ghina
FJ510232_swCH102_China
AYES4199_swCH25_China
EUST6172_swBEX40_Ching
DR275637_swDQ_China
HM439284_EChZ20,_ China
= AB291984 JYK- ‘rokoac  Japan_Tokyo

AY?23745 ND-SW-00-01_India
ABG05225_WhJIGF-08-2_Japan_Gifu hoar_2008
ABB02439, HE-AichkC4_Japan_Aich_huran_2005
ABS21808_JYN-Shiz08L,_Japan_Shizuoka_human,_2008
AB521805_JKS-Shi2071_tapan_Shizuoka_human_2007
Q070628 WR1.AihT Japan_AiChi_bosr_unknown
ABZG5199 HE-AkhI-C2 Japa:u.ichl fuman, )_2005
ABY15403_HEJA13-7003 Japan_,Mle human_2013 +
ABE05222 WHNGF-05-1_Japan, Gifu_boar_2008
ABGN5223 whJGF-06-2_dapan_Giu boar_2006
ABZB5200_HE-Aichl-53_Japan_Aichi_human_2006
AB266261_HE-Alchl-C4 Jag:n_ﬂichL_human 2006
ABE02440_whJGR-085_Japan_Gifu_boar_2008
ABB24694_ME-JA12:0202_Japan_WMa human_zmz

100
97

.m a3, 3us_ﬁEvz.1 _China

9600_E087-51J05C_China
a8 JF915746 SAASFX1T_China

50072 SWGH31 _China
L——--—-— EF570133_SH-SWL251_China
QUI19960_CHN-GBW33_China
AB197673_JKG-ChiSa1980_( Chinl

HO834346_TWE198E_Talwa

EUB66959_ leX:iZ Chna
JOgs5733_MO_China

100

£Fl1a3142_KNIHDHEV4 Korea

_:__—:EFOWBM |, Ch-5+1_China
ABIGTETA_, .m-cmsalmc China
AB248520 HE-JA4-1811_Japan

NT4508_Mexkio-strain_Mexico

‘002

e AB253420 HEVNZ, an_CHinawa "

Japan
Hokkaido
strains

Japan
Wide area
strains

Japan
Aichi/Shizuoka
strains

MT3218_Butma-strain_Burma Genotype 1 &2

Fig. Phylogenetic tree construcied by the neighbor-joining method based on the partial nucleotide sequence (412
nt} of the ORF2 region of 77 human, wild animals and swine hepatitis E virus (HEV) isolates. In addition to the
HEV isolate obtained in the present study, which are indicated by "4, one each of the prototype HEV of geno-
type 1, 2 or 3, and 73 genotype 4 HEV isolates, and their accession numbers are shown, followed by isolates’
names, countries of isolation, and the prefectures when they were isolated in Japan. Three major clusters of gen-
otype 4 HEV in Japan, Hokkaido, wide area, and Aichi/Shizucka strains are indicated, For Aichi/Shizucka strains,
the animal species from which they were isolated and vear of isolation are also indicated. Bootstrap values are in-
dicated for the major nodes as a percentage of the data obtained from 1,000 resamplings. The scale bar is in units
of nuclectide substitutions per site.
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SAEDH 4 2 AW, 2013 4E 6 A TILBREEE -~ O AL
&5 b VETHBITEITWER Y, KR 80 g/day
CBE BEMD3AAMREYTY A MREROR
BERL. BENRRNEEERL. 4V, ¥,
TELOBMERL. 75 EOREEIELIH o0
B TIUA—, TIRLEVOREERL, WAL
7Y RIEETHRLTCENELOT, BETHO
A== —4 v+ 2IFCHALL 8 Al HEE
FeHmE B HRERASTwWARW. 98 TH, &
ATAORBICTRALLLUAZHETMHL TR
BL7Z= #HFK, WAKESKLAZ LR L. RER
3% BRI, B, BRI SRR CER A Sn
DREFERZVWEZ LD, CNEOE~ToED
Thlpoie.
20134¢ 10 AT L D SBRRY HE LEEL 28
LaBFBEEEHEHmsh, BENRENICTIOAS
HLSBEA~EASARL ko fe. ARRESIZNIET,
RRRERICREE B FakgZEo LR, ¥ur
¥ YO EREROIDRRABITEYS T o 72 (Table).
TEERRBE AR, SR CT CIRFRREO8I4L & B0
FRE2EDLUARETRIEBD 2ol IgA-HEV
Hidk, IgM-HEV Fifk, IgG-HEV Hi4%, HEV-RNA Bt
LDy AL R T—h— EORRI LM ERIFE
LWL (Table), MiEE 7V FN)F Y HEMTTE
BEAZ LTz 25, 820 RWE I SRS
ELRBRE L, AR IgM-CMV kb B ThH -
7238, CMV B XM T, BB IgM-CMV JiikdE
CERD 2o fedzw, FEEHFISE 21 persistent
IeM X WLz,

HEV-RNA O & 2 0B {ETEIIEN - BEOH
IR A & BERIC 6 v HEV @ ORF2 $Eigio 412
EIE 2 IR USRS 2 5E LY, BRkoEE5s)
&b AT HERER B R L (Fig). SEFO
HEV # HE-JA13-2003 &8RRI H S HEV k%
BLAST search iz T+ 2 & HE-Alchi-Cl &9 i#&E
FR A EHTHD?, 42 BEROEFNIB T 990%
OFW—FIHEIR L7, HEJA13-2008 i HE-Aichi-Cl
7 ¥ ARSI EER & 100% D bootstrap AT Y 9 A ¥ —
2BHE LY. SOZFAY—LERT HHhE OIEERT]
OHFEMIL 978% Lk ThHo7n

#E  SEETIE 2012 510 4 REMBERIC X 58
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33 1 4U7

PRSI ) Y Y NOREERS Y, BB CE
Lib#i N3y ZhE T 4 HEMB 3
N FETWRRRTH B4, FEFIISEDD LD
MESFHBETEY, LEbRENSPEMACRCA
BOBANTolz b %L, SERNCERLEC L
AL FEOND. COWEERES D, 4 DSMRREED
BFAEEMBAMC DTN Y, ZORBEIRLS AR

ARTEZEREBALTWD Z L3 GbRD. BEAA

DM EEREOENETo s, Thlveio ik
PO MY, REEEARE SEditicLi
FEoicd, REEL WV OO L) RFLE
HBELLEHBEIWEP o7 foTHBSNLLDEED
HERRIE, BREEBEAETSHE. LiL, TORHE
DRERFEFZERCEITRATVLZLIIERT, £
DFEITIEE 52 DEFOERIC & A IEHINM A NG
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Lo RwERERFSZOMD Lk, %, oh

ET=H, T4, BB RUHHERE & C HEV B
RERTAECE, BEICFADYRERUERR2ITR
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o TEEILDBENS R WERRITES LELE
BRI X o T T ST Z20EBSE sl
ZEL T RELRbNS.
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Xk ' 1) Sato Y, Sato H, Naka K, et al. Arch Virol
2011;156: 13451358  2) WKAET, IWMAMERE, 32
FAJERE, . FFB 2006 ; 47 : 465—473 3) I
fietl, ARELIE, 8T8, f AFIE 2010 51:
418—424 4) Mizuo H, Suzuki K, Takikawa Y, et
al J Clin Microbiol 2002 40;3209—3218 5) Okano
H, Takahashi M, Isono Y, et al. Hepatol Res in
press
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RVEE
A case of acute hepatitis E in Mie prefecture infected
with genotype 4 hepatitis E virus strain endemic in
Aichi and Shizuoka prefectures (Aichi/Shizuoka
. strain), without a history of eating wild animal meat

Shino Fujimoto®, Satoshi Ishida®, Tatsunori Nakano®*,
Nagako Kitagawa®, Kunihiro Higuchi?,
Michihiro Izumi”, Naoki Nakagawa®,

Ryuichi Afkawa”, Yukihiko Adachi??,
Masaharu Takahashi®, Yoshiyuki Takei®,
Hiroaki Okamoto®

We experienced a case of hepatitis E in Mie prefec-
ture infected with genotype 4 hepatitis E virus (HEV)
strain endemic in Aichi and Shizuoka prefectures
{Aichi/Shizuoka strain). The HEV isolate obtained from
the patient clustered with other Aichi/ Shizuoka
strains with 100% of hootstrap value in the phyloge-
netic tree, and was more than 97.8% identical to other
Aichi/Shizuoka strains, in the 412-nucleotide sequence
within the ORF2 region. Interestingly, the patient had
no history of consuming wild animal meat althdugh all
other reported Aichi/Shizuoka strains were recovered
from meat from wild animals or humans after eating
wild animal meat. The finding indicated that the origin
of Aichi/Shizuocka strains is confined not only to wild
animal meat but also to other unknown reservoirs.
Key words: hepatitis E virus, genotype 4,

Mie prefecture .

Kanzo 2014; 55: 405—408
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Subject: PRO/EDR> Dengue - Japan: {ST)
Archlve Number: 20140828.2731079

DENGUE - JAPAN: (SAITAMA)
oK 3ok ook oK A KR ok K K AR oK

A ProMED-mell post

http: f/www.promedmall.org

ProMED-mall Is a program of the
International Soclety for Infectious Diseases

http://www. isid.orq

{1]
Date: Tue 26 Aug 2014 |
From: Kazuke Fukushima <fukushima-kazukoe@mhiw.go.jp> [edited]

apan officially reports an autochthonous case of dengue fever in a patient (teenaged female) without any
overseas travel history, The patient {currently hospitalized) was reperted from a heaithcare facllity In
Saitama City [Saitama Prefecture], and following confirmatory laboratory testing procedures at the National
Institute of Infectious Diseases, the patient was verified as a confirmed case of dengue infection.

As the patient has no overseas travel history and is believed to have acquired the infection domestically,
_ currently Saitama City’ls conducting epidemiologic investigations jointly with the Ministry of Health, Labour
and Welfare (MHLW) and other local government counterparts,

In addition, regarding this event, MHLW Is providing information and feedback to prefectural counterparts
and has alerted healthcare facilities.

Dengue fever is a febrile viral illness. The virus is transmitted by mosquitoes, and is found widely
throughout the world, such as In Asla, Central and South America, and Africa, The virus is not transmitted
person-to-person, In Japan, the mosquito _Aedes albopictus_ (a mosquito species that is mostly active
during daylight hours In outdoor environments) is the vector believed to be most likely to transmit the
virus.,

Domestic transmission of dengue virus was present in Japan during the early 1940s when many soldlers
returned from the tropics, but a domestic case had not been confirmed since then. However, in recent
years, approximately 200 imported cases {those that have onset after returning to Japan following
overseas travel) are reported annually, and transmission from such patients (via mosqultoes) Is a
possibility.

As the investigation regarding this event is ongoing with Saitama City, updated information will be provided
in a timely manner.

Kazuko Fukushima

Tuberculosis and Infectious Diseases Contro! Division

Health Service Bureau, Ministry of Health, Labour and Welfare
Japan

<fukushima-kazuko@mhiw.go.jp>

[ProMED thanks Dr. Kazuko Fukushima for sending in this report, The recelpt of official reports sent In so
promptly, such as this one, is valued. - Mod.TY]

Heake sk e ke

(2]
Date: Wed 27 Aug 2014
Source: Japan Today [edited]
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Japanese health authorities have reported the 1ist locally transmitted case of dengﬁe fever in the country in
nearly 70 years.

The ministry sald the case occurred in Saitama Prefecture, Local media reports said the patient was a
teenage girl who has since recovered,

Government spokesman Yoshlhide Suga, in confirming the report, said Wednesday [27 Aug 2014] that the
news was not cause for alarm because the iliness is not transmitted directly from person to person.

Japan sees dozens of imported cases of dengue fever each year, mostly tourists who catch the illness while
traveling In tropical reglons. The disease, which Is transmitted by mosquito, was common In Japan during
World War 1T but was locally eradicated for decades.

Dengue causes symptoms including fever, severe joint pain and headaches. There is no treatment,

Dengue has been spreading in recent years, with 50 million to 100 million dengue infections 2 year in more
than 100 countries. According to the World Health Organization, before 1970 only 9 countiies had
experienced dengue epidemics. Japan reported 249 cases last year,

Communicated by:
ProMED-mail Rapperteur Kunihiko Tizuka

o ek ek

[3]

Date: Thu 28 Aug 2014
Source JIJI Press [edlted]

The Ministry of Heath, Labor and Welfare sald Thursday [28 Aug 2014] that 2 more domestic cases of
dengue fever have been confirmed in Japan.

A man in his 20s from Tokyo and a woman in her 20s from Saitama Prefecture, north of Tokyo, have been
confirmed to have contracted the disease the ministry said.

The news came after the discovery on Wednesday [27 Aug 2014] that a woman in her teens had been
Infected with the tropical disease, the 1st locally transmitted dengue fever case in Japan In about 70 years.

The 3 go to the same school in Tokyo and have no history of cverseas travel. As all of them went to Yoyogl
Park in Tokye's Shibuya Ward rgcently, they are belleved to have been infected by mosquitos.

Communicated by:
ProMED-mall Rapporteur Kunihiko Iizuka

[The occurrence of 3 cases occurring simultaneously in the same place, after a 70-year absence of dengue
virus transmission in Japan, is remarkable, It seems likely that the 3 Individuals were infected in the very
same spot, and likely at the same time. It would. be_of interest to receive reports of any additional cases
that might occur there and any related mosquito vector field studies that might be carried out, confirming
the presence of _Aedes alboplctus._. ’

There was a dengue case in Germany ex Japan that occurred in September 2013, reported in a

ProMED-mail post of 9 Jan 2014 (see ProMED-mail archive no. 20140109.2162194). This case was reported
again recently in Eurosurveillance (Schmidt-Chanasit J, Emmerich P, Tappe D, Gunther §, Schmidt S, Wolff
D, Hentschel K, Sageblel D, Schoneberg 1, Stark K, Frank C. Autochthonous dengue virus infection in Japan '
Imported into Germany, September 2013, Euro Survelll. 2014;19(3):pii=20681. Avallable onllne:

ttp://www.eurosurveillance.ora/ViewArtlcle . aspx?Articleld=20681).

The summary of that report stated, "In September 2013, dengue virus (DENV) infectlon was diagnosed in a
German travelier returning from Japan, DENV-specific IgM and IgG and DENV NS1 anticen were detectéd in
the patient's biood, as were DENV serotype 2-specific antibodies. Public health authorities should be aware
that autochthonous transmission of this emerging virus may occur in Japan. Qur findings also highlight the
importance of taking a full travel history, even from travellers not returning from tropical countries, to

26/10/23 12:30
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assess potential infection risks of patients.” This report was sent to ProMED by Roland Hubner. So perhaps
the 3 cases above are not the 1st indications of local dengue virus transmission in nearly 70 years after all,

A HealthMap/ProMED-mail map showing the location of Saltama Prefecturs can be accessad at
http://healthmap.org/promed/p/41237, - Mod.TY]

See Also

Dengue/DHF update (03): Germany (Berlin) ex Japan, RFI 20140109.2162194
................................................. Iw/ty/ie/iw :

©2001,2008 International Soclety for Infectious Diseases All Rights Reserved.
Read our privacy guidelines. Use of this web site and related services Is governed by the Terms
of Setvice. -
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pc Centers for Disease Contro! and Prevention
I COC 24/7: Seving Lives. Protecting People.™

Press Release

For Immedlate Release Thursday, J uly 17, 2014 o ' ‘

i Contact: CDC Media Relations (mailto:media@cdc.gov) |
(404) 639-3286 |

First Chikungunya case acquired in the United States reported
in Florida

Seven months after the mosquito-borne virus chikungunya was recognized in the Western
Hemisphere, the first locally acquired case of the disease has surfaced in the continental
United States. The case was reported today in Florida in a male who had not recently
traveled outside the United States. The Centers for Disease Control and Prevention is
working closely with the Florida Department of Health to investigate how the patient
contracted the virus; CDC will also monitor for additional locally acquired U.S. cases in the
coming weeks and months.

Since 2006, the United States has averaged 28 imported cases of chikungunya (chik-un-
GUHN-ya) per year in travelers returning from countries where the virus is common

(http://www.cde.gov/chikungunya/geo/index.html) . To date this year, 243 travel-associated
cases have been reported in 31 states and two territories
(http://www.cde.gov/chikungunya/geo/united-states.html) . However, the newly reported case

represents the first time that mosquitoes in the continental United States are thought to
have spread the virus to a non-traveler. This year, Puerto Rico and the U.S. Virgin Islands
reported 121 and two cases of locally acquired chikungunya respectively.

“The arrival of chikungunya virus, first in the tropical Americas and now in the United
States, underscores the risks posed by this and other exotic pathogens,” said Roger Nasci,
Ph.D., chief of CDC’s Arboviral Diseases Branch. “This emphasizes the importance of CDC’s
health security initiatives designed to maintain effective surveillance networks, diagnostic
laboratories and mosquito control programs both in the United States and around the
world.”

Chikungunya virus is transmitted to people by two species of mosquitoes, Aedes aegypti and
Aedes albopictus. Both species are found in the southeastern United States and limited
parts of the southwest; Aedes albopictus is also found further north up the East Coast,
through the Mid-Atlantic States and is also found in the lower Midwest.



CDC and the Florida Department of Health are assessing whether there are additional
locally acquired cases and are providing consultation to the public on ways to prevent
further spread of the virus by controlling mosquitoes and educating people about personal
and household protection measures to avoid mosquito bites. CDC has asked state health
departments to report cases of chikungunya to help track the virus in the United States.
Local transmission occurs when a mosquito bites someone who is infected with the virus
and then bites another person.

It is not known what course chikungunya will take now in the United States. CDC officials
believe chikungunya will behave like dengue virus (http://www.cde.gov/dengue) in the United
States, where imported cases have resulted in sporadic local transmission but have not
caused widespread outbreaks. None of the more than 200 imported chikungunya cases
between 2006 and 2013 have triggered a local outbreak. However, more chikungunya-
infected travelers coming into the United States increases the likelihood that local
chikungunya transmission will occur.

Qutbreaks of chikungunya have been previously reported from countries in Africa, Asia,
Europe, India, and the Middle East, and on the French side of the Caribbean island of St.
Martin. The virus spread quickly in St. Martin through the Caribbean in December 2013
and into South and Central America. Local transmission has been reported in 23 countries

in the hemisphere (hitp://www.cde.gov/chikungunya/geo/americas.html) prior to the U.S. case.

People infected with chikungunya virus typically develop fever and joint pain. Other
symptoms can include muscle aches, headaches, joint swelling or rash. Travelers returning
from areas with chikungunya activity and those living in areas where the virus has been
reported in the United States should seek medical care if they experience chikungunya
symptoms. Health care providers in areas with reported cases should be on the alert for
possible cases. People infected with chikungunya should protect themselves by wearing
insect repellents, using air conditioning or window and door screens to keep mosquitoes
out, wearing long pants and long-sleeved shirts when possible, and emptying standing
water outside your home. Protecting yourself and others from mosquito bites during the
first few days of illness can help prevent other mosquitoes from becoming infected and
reduce the risk of further spread.

Infection with chikungunya virus is rarely fatal, but the joint pain can often be severe and
debilitating. This virus is not spread person to person. There is no vaccine and no specific
treatment for infection, but research is underway in both areas. Patients recover in about a
week, although long-term joint pain oceurs in some people. Accordmg to CDC, infection is
thought to provide lifelong immunity..

For more information, visit www.cdec.gov/chikungunya (http://www.cde.gov/chikungunya) .

For more information about preventing mosquito bites, visit

www.cde.gov/chikungunya/prevention/index.html
(http://www.cde.gov/chikungunya/prevention/index.html) .

#RYE

0.5. DEPARTMENT OF HEALTH AND HUMAN SERVICES (http://www.hhs.gov/) &
. {http:/ /www.cdc.gov/Other/disclaimer.htm])

Page last reviewed: July 17, 2014
Page last updated: July 17, 2014
Content source: Centers for Disease Control and Preventlon

Centers for Disease Control and Prevention 1600 Clifton Rd. Atlanta, GA 30333, USA
800-CDC-INFO (800-232-4636) TTY: {(888) 232-6348 - Contact CDC-INFO
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s et REGISTRATION NOW OPEN

R TP PN A S N N L A e S T R NS ES R

America’s Blood Centers ©7ho indiana Blood Center is looking

£ forward fo welcoming ABC members
|nformc1’r|o n TeCh no IOgy WOTkShOp to Indfanapolis for the information

Indianapolis, IN - September 16-17, 2014 Technology Workshop, We anticipate
oy a vibrant dialogue, exchange of ideas
Hosted by p 2 and discussions on the time fested best

practices used by our member centers.

indiana This will be an excellent opporiunity
BLOODCENTER fo mingle with your peers, meet new
. people and prepare for the rigors of the
Negotiated hotel room rate: $159 + tax changes bound to hit the information
hitp:4/bit.lyfomni_indianapolis technology world. We look forward to
*Deadline o receive group rate is August 22, 2014, seeing you in Indianapolis this Fall, Y,
2014 Workshop Fees {early hird/regular) - Byron Buhner
2-day registration: $390/$445 President and CFO, Indiana Blood Center

There are seven (7) $800 scholarships available to

ABC members fo cover the cost of registration fees Sponsorship opportunities available.
and help with travel expenses. Application link and Contact Abbey Nunes at anunes@
additional details included in registration. americasblood.org for details.

stop service 1o 34 destinations; check www.indianapolisairport.com for mora information.

, x\".! Indianapolis International Airport (IND) is served by most major US alrlines and offers non-
/

INFECTIOUS DISEASE UPDATES
CHIKUNGUNYA

Seven months after the mosquito-borne virus chikungunya was recognized in the Western Hemi-
sphere, the first locally transmitted cases in the US have been reported in Florida, according to the '
US Centers for Disease Control and Prevention. Two cases were reported on July 17, one in Miami
Dade county and the other in a Palm Beach county; neither patient had traveled outside of the US recent-

- ly. CDC will also monitor for additional locaily acquired US cases in the coming weeks and months,
reported the agency in a July 17 press release. “The Department has been conducting statewide monitor-
ing for signs of any locally acquired cases of chikungunya,” Anna Likos, MD, state epidemiologist in
Florida and Disease Control and Health Protection director, said in a Florida Department of Health state-
ment. Chikungunya is spread by the Aedes aegypti and dedes albopictus mosquitoes, and symptoms can
include sudden high fever, severe joint pain, headache, muscle pain, back pain, and rash. “It is not known
what course chikungunya will take now in the US. CDC officials believe chikungunya will behave like

“dengue virus in the US, where imported cases have resuited in sporadic local transmission, but have not
caused widespread outbreaks. None of the more than 200 imporied chikungunya cases between 2006 and
2013 have triggered a local outbreak. However, more chikungunya-infected travelers coming into the US
increases the likelihood that local chikungunya transmission will oceur,” said CDC in a

(continued on page 15)
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INFECTIOUS DISEASE UPDATES (continued from page 14)

statement.- Transfusion medicine experts have theorized that chikungunya virus could spread via blood
transfusion, but no cases of transfusion-transmission have been recorded despite titanic outbreaks in Affi-
ca, Asia, Europe, India, the Middle East, and now the Caribbean. The US blood community is currently
considering a range of mitigation strategies including observation and confirmation that there is any clini-
cal risk of transfusion-transmission; donor deferrals for travel to epidemic regions; and the development
of nucleic acid tests for use in the event of epidemic spread in the US. A chikungunya fact-sheet prepared
by AABB’s Transfusion Transmitted Diseases Commitiee can be viewed at http://bit.ly/1pkZkéZ. Donors
with travel to epidemic areas are encouraged to report any illness consistent with chikungunya following
donation. (Sources: CDC press release, 7/17/14; Florida Department of Health press release, 7/17/14)

HI1V

A new report conducted by Centers for Disease Control and Prevention researchers shows that the
annual diagnosis rate of HIV has dropped by one-third in the general population, but has climbed
among young gay and bisexual males. The report, published in JAMA: The Journal of the American
Medical Association, found that fewer heterosexuals, drug users, and women were diagnosed each year
with HIV, however, the annual diagnosis rate more than doubled for young gay and bisexual males. CDC
investigators, led by Anna Satcher Johnson, MPH, examined trends in HIV diagnoses from 2002 to 2011
in the US using data from CDC’s National HIV Surveillance System. The report only examined people
diagnosed with HIV, and health officials have said that many more are infected with the virus but are
unaware of their infection. The data also does not offer any information on when these people were in-
fected, making it difficult to pinpoint trends in efforts to prevent transmission of the virus. While almost
500,000 people were diagnosed during the study period, the annual rate of diagnoses fell 33 percent from
24 out of 100,000 people to 16. For women, the diagnosis rate dropped by about half and among men by
more than a quarter. For blacks and Hispanics, the rates of diagnosis declined 37 percent and 41 percent,
respectively, The report estimates that HIV infections due to injection drug use fell by roughly 70 percent
and from heterosexual contact by more than one-third for men and women. The jump in the diagnosis rate
among males aged 13 to 24 suggests that many gay males and bisexual men are not practicing safe sex,
note the authors, who add that young people may fail to practice safe sex because the AIDS epidemic is

not in the consciousness of this younger generation. “Among men who have sex with men, unprotected
" risk behaviors in the presence of high prevalence and unsuppressed viral load may continue to drive HIV

transmission. Disparities in the rates among young men who have sex with men present prevention chal-
lenges and warrant expanded efforts,” conclude the authors.

Citation: Johnson AS, ef al. Trends in Diagnoses of HIV Infectlon in the US, 2002-2011. JAMA 2014
July 23;312(4):432-4. é

GLOBAL NEWS

The International Federation of Blood Denor Organizations (IFBDO) recently launched a newly
redesigned website, available at www.fiods-ifbdo.org/. Founded in 1955 in Luxembourg and headquar-
tered in Monaco, IFBDO consists of 72 blood donor organizations from around the world, The
organization works to promote self-sufficient blood supplies supported by voluntary, unpaid blood donors
in its member countries.- The new website features information about the organization’s history and
events, relevant news, and World Blood Donor Day. (Source: IFBDO website, 7/17/14) é
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West Nile Virus and Other Arboviral Diseases — United States, 2013
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Arthropod-borne viruses (arboviruses) are transmitted to
humans primarily through the bites of infected mosquitoes and
" ticks. West Nile yirus (WINV) is the leading cause of domestically
acquired arboviral disease in the United States (7). However,
- several other arboviruses also cause sporadic cases and seasonal
outbreaks of neuroinvasive disease (i.c., meningitis, encepha-
litis, and acute flaccid paralysis) (7). This report summarizes
surveillance data reported to CDCin 2013 for WINV and other
nationally notifiable arboviruses, excluding dengue. Forty-seven
states and the District of Columbia reported 2,469 cases of
WNV disease. Of these, 1,267 (51%) wete classified as WNV
neuroinvasive disease, for a national incidence of 0.40 per
100,000 population. After WV, the next most commonly
reported cause of arboviral disease was La Crosse vitus (LACV)
(85 cases), followed by Jamestown Canyon virus (JCV) (22),
Powassan virus (POWV) (15), and eastern equine encephalitis
virus (EEEV) (eight). WINV and other arboviruses conrinue to
cause serious illness in substantial numbers of persons annually.
Maintaining surveillance remains important to help direct and
promote prevention activities. .

In the United States, most arboviruses are maintained in
transmission cycles between arthropods and vertebrate hosts
(typically birds or small mammals). Flumans usually become
infected when bitten by infected mosquitoes or ticks. Person-
to-person transmmission occurs rarely through blood transfusion
and organ transplantation. Most human arboviral infections are
asymptotnatic. Symptomatic infections most often manifest as
a systemic febrile illness and, less commounly, as neuroinvasive
disease. Most endemic arboviral diseases are nationally notifi-
able and are reported 1o CDC through the ArboNET surveil-
lance system (2,3). In addition to collecting data on human
disease cases, ArboNET collects data on viremic blood danors,

veterinary disease cases, and infections in mosquitoes, dead

birds, and sentinel animals. Using standard definitions, human
cases with laboratory evidence of recent arboviral infection are

classified as neuroinvasive disease or nonneuroinvasive disease
(2). Because of the substantial associated morbidicy, detection
and reporting of neuroinvasive disease cases is assumed to
be more consistent and complete than for nonneuroinvasive
disease cases. Therefore, incidence rates were calculated f--
neuroinvasive disease cases using U.S. Census Bureau 20
mid-year population estimates.

In 2013, CDC received reports of 2,605 cases of nationally
notifiable arboviral diseases, including those caused by WINV
(2,469 cases), LACV (85), JCV (22), POWV (15), EEEV
(eight), unspecified California serogroup virus (five), and
St. Louis encephalitis virus (SLEV) {one). Cases were reportet]
from 830 (26%) of the 3,141 U.S. counties; no cases were
reported from Alaska or Hawaii. Of the 2,605 arboviral disease
cases, 1,383 (53%) were reported as neuroinvasive disease, for
a national incidence of 0.44 per 100,000 population.

Actotal of 2,469 WNV disease cases, including 1,267 (51%)
neuroinvasive cases, were reported from 725 counties in
47 states and the District of Columbia (Table 1), WNV dis-
ease cases peaked in early September; 90% of cases had illness
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onset during July—-September. The median age of patients
was 55 years (interquartile range [IQR] = 41-67 years);
1,425 (58%) were male. Overall, 1,494 (61%) patients were
hospitalized, and 119 (5%) died. The median age of patients
who died was 78 years (IQR = 6783 years).

Of the 1,267 WNYV neuroinvasive disease patients,
669 (53%) had encephalitis, 486 (38%) had meningitis, and
112 (99%) had acute flaccid paralysis. Among the 112 patients
with acute flaccid paralysis, 85 (76%) also had encephalitis or
meningitis. The national incidence of neuroinvasive WNV
disease was 0.40 per 100,000 population (Table 2). States with
the highest incidence rates included North Dakota (8.9 per
* 100,000), South Dakota (6.8), Nebraska (2.9), and Wyoming
(2.8) (Figure). Six states reported approximately half (51%) of
the WINV neuroinvasive disease cases: California (237 cases),
Texas (113), Colorado (90), Illinois (86), North Dakota (64),
and Oklahoma {60). Neuroinvasive WINV disease incidence
increased with age, with the highest incidence among persons
aged 270 years. Among patients with neuroinvasive disease,
111 (9%) died.

The 85 LACV disease cases were reported from 59 counties
in 12 states; 77 (91%) were neuroinvasive (Table 1}, Dates of
illness onset for LACV disease cases ranged from June through
October; 71 (84%) had onset during July-September. Forty-
nine (58%) patients were male. The median age of patients
was 7 years (IQR = 4-11 years); 76 (89%) wete aged <18
years. LACV neuroinvasive disease incidence was highest in
West Virginia (0.54 per 100,000), Tennessee (0.35), North
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Carolina (0.13), and QOhio (0.12) (Table 2). Those four states
reported G0 {78%) LACV neuroinvasive disease cases. A total
of 80 (949%) patients were hospitalized; two (2%) died.

Twenty-two JCV disease cases were reported from 20 counties
in 10 states; 15 (68%) were neuroinvasive (Table 1). Eight states
(Georgia, Idaho, Massachusetts, Minnesota, New Hampshire,
Oregon, Pennsylvania, and Rhode Island) reported their firsc
JCV disease cases. Dates of illness onset ranged from January
through November, with 14 (64%) of the 22 cases occur-
ring during July-September. The median age of parients was
46 years (IQR = 32-57 years); 17 (77%) were male. Twelve
(55%) patients were hospitalized; none died. In addition to
the LACV and JCV cases, five cases of California serogroup
virus disease were reported for which the specific infecting
virus was unknown.

Fifteen POWYV disease cases were rcported from 13 coun-
ties in seven states; 12 (80%) were neuroinvasive (Table 1).
Three states (Massachusetts, New Hampshire, arid New Jersey)
reported cheir first POWYV disease cases. Dates of illness
onset ranged from May through November; five (33%) had
onset during April-June, and six (40%) had onset during
July—September. The median age of patients was 69 years
(IQR = 45-75 yeas); 11 (73%) were male. Thirteen (87%)

 patients wete hospitalized; two (13%) died.

Eight EEEV disease cases were reported from six states,
including the first cases ever reported from Arkansas and
Connecricut {Table 1). All eight were neuroinvasive. Dates
of illness onset ranged from January through December. The

Quang M. Do-m,_MBA I’hyllls H. King,
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TABLE 1. Number and percentage of reported cases of arboviral disease, by virus and selected characteristics — United States, 2013*

Virus
West Nile La Crosse Jamestown Canyon Powassan Eastern equine
{n=2,469) [(n=285) n=22) {n=15) encephalitis {n = 8)
Characteristic No. (%) No. (26} No. (%) - No. {%) No. (9)
. Age group [yrs) ) . :
<18 96 (4) 76 (89) 3 (14) 1 Y] 2 {25}
18-59 1,392 (56) 6 (7 - 16 (73) 6 {40} 3 (38)
=60 981 (40) 3 4 3 (14) 8 (53} 3 (38)
Sex ) Co
Male 1,425 (58) 49 (58) 17 77) 11 (73) 6 {75)
Female 1,044 (42) 36 (42) 5 (23} 4 (27) 2 {25)
Period of illness onset
Jahwary-March 4 {=1) (U (0) 1 5 0 (0) 2 (25)
April-June 49 (2) 9 (1) 5 (23) 5 (33 1 (13)
July-September 2,223 (90) Al (84) 14 C ) 6 - (40) 2 (25)
October-December 193 (8) - 5 (6) 2 )] 4 (27) 3 (38)
* Clinical syndrome ’ :
Nonneuroinvasive 1,202 (49} 8 [¢)] 7 (32) 3 (20 0 (1)}
‘Neuroinvasive 1,267 (51} 77 (91} 15 68) Y (80) B (100)
Encephalitis 669 (27} 65 (76} 9 41) 10 67} 8 (100} 4
Meningitls 486 (20} 8 (o 6 (27) 2 (13} 0 0}
Acute flaccid paralysist 112 (5} 4 (5) 0 [(0)} 1] {0} 0 {0}
Outcomée .
Hospitalization 1,494 (61) 20 {94) 12 (55) 13 (87) 8 (100)
Death 1198 (5 2 2) 0 {0} T2 {13) 4 {50)

* Flve unspecified California serogroup virus disease cases in addition to the La Crosse virus and Jamestown Canyon virus disease cases were reported.
t Of the 112 West Nile virus disease patients with acute flaccid paralysis, 85 (76%) also had encephalitis or meningitls, The four La Crosse virus disease patients with

acute flaccid paralysis all also had encephalitis.

§ Of the 119 West Nile virus deaths, 111 (93%) occurred in patients with neuroinvasive disease and eight (7%) in patients with nonneurolnvasive disease.

median age of patients was 56 years (IQR = 33~74 years); six
(75%) were male. All eight patients were hospiralized; four
(50%) died. The median age of patients who died was 62 years
(IQR = 33-86 years). '

One SLEV neuroinvasive disease case was. reported from
Texas; the patient was hospitalized and survived.

Discussion

In 2013, WINV was the most common cause of neuroinva-
sive arboviral disease in the United States. However, LACV
was the most common cause of neuroinvasive arboviral disease
among children, More JCV cases were reported in 2013 than
in any previous year and included the first cases reported from
eight states. This increase is likely related to the initiation of
routine immunoglobulin M testing for JCV at CDC in 2013
and suggests that the incidence of JCV infection in prior years
milght have been underestimated. EEEV disease, although rare,
remained the most severe arboviral disease, with four deachs
among eight patients. More than 90% of arboviral disease cases
occurred during April-September, emphasizing the importance
of focusing public health interventions during this period. |

Reported numbers of arboviral disease cases vary from year
to year. Weather (e.g., temperature and precipitation), zoo-
notic host and vector abundance, and human behavior (e.g,,
repellent use, ourdoor acrivities, and use of air conditioning

FIGURE. Incidence* of reported cases of West Nile virus neurcinvasive
disease, by state — United States, 2013

21.00
[®] 0.50~0.99
[1 0.25-049
0.01-0.24
] 0.00

* Per 100,000 population, based on July 1,2013 U.S. Census popilation estimates,

or screens in the home) are all factors that can influence when
and where outbreaks occur. This complex ecology makes it
difficult to predict how many cases of disease might occur in
the future and where they will occur. Increased numbers of

MMWR / June 20,2014 / Vol.63 / No,24 523
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TABLE 2. Number and rate® of reported cases of arboviral neuroinvasive disease, by virus, U.S. Census region, and state — United States, 2013

Virus

Eastern equine

West Nile La Crosse Jamestown Canyon Powassan encephalitis
U.5. Census region/State No. Rate No. Rate No. Rate No. Rate No. Rate
United States . 1,267 0.40 77 0,02 15 <001 12 <0.01 8 <0.01
New England 11 0.08 - 3 0.02 3 0.02 2 0.01
Connecticut 1 0.03 — - — —_ — 1 0.03
Malne - — — — — 1 0.08 — —
Massachusetts 7 0.10 —_ 1 0.01 1 0.01 1 0.01
New Hampshire 1 0.08 — 1 0.08 1 0,08 - —
Rhode Island 1 0.10 — 1 0.10 - — — —
Vermont 1 016 — —_ —_ — — — —
Middie Atlantic 34 0.08 — 3 0.01 5 0.01 -— —
New Jersey 10 0.11 — - — 1 0.0 — —
New York 18 0.09 — 3 0,02 4 0.02 — —
Pennsylvania 6 0.05 — — — — — — —
East North Central 167 0.36 20 0,04 7 0.02 3 0.01 — —
Hllinois 86 0.67 — — —_ — — — —_
Indiana 19 0.29 1 0.02 — — — — — —
Michigan 24 0.24 — — — — — — —_
Ohio 21 0.18 14 212 — — — — — —
Wisconsin 17 0.30 5 0.09 7 0.12 3 0.05 — —_
Wast North Central 288 1.38 4 0.02 1 0,00 1 0.00 — —
lowa 24 078 — — -—_ — —_ — —
Kansas 34 117 — —_— — _ — — —
Minnesota ER] 0.57 4 0.07 1 0,02 1 0.02 — —_
Missouri 24 0.40 — —_ — — —_ — _—
Nebraska 54 2,89 — — — — — — —
North Dakota 64 8.85 — — — — — — —
South Dakota 57 6.75 - — — - — — —
South Atlantic 36 0.06 27 0.04 — - — — 5 0.01
Delaware 3 0.32 — — — — — — —
District of Columbia — — — — — — —_ _ _
Florida 5 0.03 — — — — — 3 0.02
Georgia 4 0.0 1 0.0 — — — — 1 0.0
Maryland 11 019 — — — — — —_ —
North Carolina 3 0.03 13 0.13 - — —_ — 1 0.01
South Carolina 3 0.06 1 0,02 — —_ — — -_— —_
Virginia 6 0.07 2 0.02 — — — — — —
West Virginia 1 0.05 10 0.54 —_ —_ —_ — —

See table footnotes on page 525.

reported cases and the identification of cases in new locations
might reflect actual changes in incidence and epidemiology or
increased disease awareness.

The incidence of WINV neuroinvasive disease declined
substantially in 2013 (incidence of 0.40 per 100,000 popula-
tion) compared with 2012 (0.92 per 100,000 populacion),
when a large multistate outbreak occurred, with incidence
nearing the levels observed in 2002 and 2003 (4). However,
the incidence in 2013 was similar to that during 2004-2007
{median = 0.43; range = 0.39~0.50) and was higher than thac
during 2008-2011 (median = 0.18; range: 0.13-0.23) (3-5).
WINV activity remained focalized in 2013, with more than
half of the neurocinvasive disease cases being reported from
just six states.

524 MMWR / June 20, 2014 / Vol.63 / No. 24

. The findings in this report are subject to at least two limita-
tions. First, ArboNET is a passive surveillance system that relies
on clinicians to consider the diagnosis of an arboviral disease
and obtain appropriate diagnostic tests, and on health-care
providers and [aboratories to report laboratory-confirmed cases
to public health authorities. Second, testing and reporting
are incomplete, leading to a substancial underestimate of the
actual number of cases {6). For example, data from previous
studies suggest there are 30-70 nonneuroinvasive disease cases
for every reported case of WINV neuroinvasive disease (7-9).
Extrapolating from the 1,267 WINV neuroinvasive disease cases
reported, an estimated 38,000-88,500 nonneuroinvasive dis-
ease cases might have occurred in 2013. However, only 1,202
(1%-3%) were diagnosed and reported.
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TABLE 2. (Continued) Number and rate* of reported cases of arboviral neurcinvasive disease, by virus, U.S, Census region, and state — United
States, 2013

Virus
Eastern equine
West Nile La Crosse Jamestown Canyon Powassan encephalitis
U.S. Census region/State No. Rate Na. Rate No. Rate No. Rate No. Rate
East South Central 48 . 026 26 0.14 - — — — — —_
Alabama 3 0.06 1 0.02 — — E—_— — — —
Kentucky 1 0.02 — — - — — — —_ _
Mississippi 27 0.90 2 0.07 — — — — — —
Tennessee 17 0.26 23 035 — —_ — —_ — —
West South Central 223 0.59 — - —_ —_ — — 1 <0.01
Arkansas 16 0.54 — — — — — — 1 0.03
Louisiana 34 - 0.74 — — — - . — — —
Oklahoma 60 1.56 —_ — — — — —_ —_ —
Texas 113 0.43 — — —_ — — — — —
Mountain 216 0.94 —_ - - _— — — —_ —_
Arizona 50 0.75 —_— —_ — — — - — —
Colorado 90 1.71 — — — — - — - —
Idaho 14 0.87 — — — — — —_ — —
Montana 10 1.00 — —_ T — —_— — — —
Nevada 3 Q.29 — —_ —_ _ —_— — —_— —
New Mexico 24 1.15 — — — — — —_ — —
Utah 4 0.14 — -— — — — — — —_
Wyoming 16 275 - —_ — — — — — —
Pacific 244 0.47 — — 1 <0.01 —_ —_ —_ —
Alaska — —_ —_ — —_ — — — — —
California 237 0.62 — — — — — — — —
Hawaii —_— —_ —_ —_ —_ — — —_ — —
QOregon 7 0.18 — — 1 0,03 - —_ — —
Washington — — — - — —_ —_ — — —

* Per 100,000 population, based on July 1, 2013 U.S. Census population estimates.

Arboviruses continue to cause substantial morbidity in the
United States. Howevet, cases occur sporadically, and the epi-
demiology varies by virus and geographic area. Surveillance
is essential to identify outbreaks and guide prevention effores
aimed at reducing the incidence of these diseases. Health-care
providers should consider arboviral infections in the differen-
tial diagnosis of cases of aseptic meningitis and encephalitis,
obtain appropriate specimens for laboratory testing, ar
promptly report cases to public health authorities (2). Becal
human vaccines against domestic athoviruses are not available,
prevention of atboviral disease depends on community and

household efforts to reduce vector populations {e.g., applying
| states, Eastern equine . insecticides and reducing mosquito breeding sites), personal
! remalnecl the most sever_e ; X , .
| case-fatahty ratr S = AT protective measures to decrease exposure to mosquitoes and
| . ticks (e.g., use of repellents and wearing protective clothing),
and screening blood donors.

prewous yea and: mc!
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A previously healthy 27-year—old man presented to our hospi-
tal on December 13, 2013 after four days of fever, headache,
arthralgia and one day of rdsh. He had visited Bora Bora Js-
land, an island in French Polynesiz, from 2 to 7 December for
sightzeeing. He did not use inseci repellent during the travel.
His body temperature was 37.2C  and he had maculopapular
rash on his face, trunk, and extremities. Other clinical exami-
nation was normal Zika virus RNA was detected by real-time
PCR performed at National Institute of Infectious Diseases,
and thus we made the diagnosis of Zika fever. His fever and °
other symptoms subsided one day after the first presentation
and his rash had gradually disappeared, This is the first case
of imported Zika fever in JapanZika fever is a dengne-like iil-
ness caused by Zika virus that spread through mosquite bites.
The Centers for Disease Control and Prevention recently an-
nounced that the French Polynesian Department of Health
has confirmed an outbreak of several hundred cases of Zika
fever in French Polynesia, including Bora BoraZika fever
should be considered in febrile patients with rash returned

from French Polynesia 4—__/
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Global Alert and Response (GAR)
Ebola virus disease update - west Africa

Disease outbreak news
28 August 2014

Epidemiology and surveillance

» The total number of probable and confirmed cases in the current
outbreak of Ebola virus disease (EVD) in the four affected countries
as reported by the respective Minisiries of Health of Guinea, Liberia,
Nigeria, and Sierra Leone is 3069, with 1552 deaths.

« The outbreak continues to accelerate. More than 40% of the total
number of cases have occurred within the past 21 days. However,
most cases are concenirated in only a few localities.

s The overall case fatality rate is 52%., It ranges from 42% in Sierra
Leone to 66% In Guinea.

s A separate outbreak of Ebola virus disease, which is not related to the
outbreak in West Africa, was laboratory-confirmed on 26 August by
the Democrafic Republic of Congo (DRC) and is detailed in a
separate edition of the Disease Outbreak News.

Heaith sector response

A full understanding of the outbreak that will lead to improved résponse
requires detailed analysis of exactly where transmission Is occurring (by
district level) and of time trends. This analysis is ongoing. Preliminary
results show that cases are still concentrated (62% of all reported cases
since the beginning of the outbreak) in the epicentre of the outbreak in
Gueckedou (Guinea); Lofa (Liberia), where cases continue {o rise; and
Kenema and Kailahun (Sierra Leone). Capital cities are of particular
conicern, owing to their population density and repercussions for fravel
and trade.

WHO and its pariners are on the ground establishing Ebola treatment
centres and strengthening capacity for laboratory testing, contact tracing,
social mobilization, safe burials, and non-Ebola health care,

WHO continues to monitor for reports of rumoured or suspected cases
from countries around the world and systematic verification of these
cases is ongoing. Countries are encouraged to continue engaging in
active surveillance and preparedness activities. Cases of EVD have
been reported from the Democratic Republic of Congo. The cases in
DRC are not related to the outbreak in West Africa. Qutside of the four
affected countries in West Africa and DRC, no new cases have been
confirmed in other countries.

WHO does not recommend any trave! or frade restrictions be applied
except in cases where individuals have been confirmed or are suspected
of being infected with EVD or where individuals have had contact with
cases of EVD. {Contacts do not include properly-protected health-care
workers and laboratory staff.) Temporary recommendations from the
Emergency Committee with regard to actions to be taken by countries

http://www.who.int/csr/don/2014 08_28_ebola/en/

BYL-2014-0425
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can be found at:
HR Emergency Committee on Ebola outbreak in west Africa

Disease update

As of 26 August 2014, the cumulative number of cases atiributed to EVD
in the four countries stands at 3069, including 1552 deaths, The
distribution and classification of the cases are as follows: Guinea, 647
cases (482 confirmed, 141 probable, and 25 suspected), including 430
deaths; Liberia, 1378 cases (322 confirmed, 674 probable, and 382
suspected), including 694 deaths; Nigerla, 17 cases (13 confirmed, 1
probable, and 3 suspected), including & deaths; and Sierra Leone, 1026
cases (935 confirmed, 37 probable, and 54 suspected), including 422
deaths. o
Confirmed, probable, and suspect cases and deaths from Ebola
virus disease in Guinea, Liberia, Nigerla, and Sierra Leonse

Confirmed Probable Suspect | Totals

Guinea
Cases 482 141 25 648
Deaths. 287 141 2 430
Liberia
Cases 322 674 382 1378
Deaths 225 301 168 694
Nigeria
Cases | 13 1 3 17
Deaths 5 | 1 0 6

Sierra Leone

Cases 938 37 54 1026

Deaths 380 34 8 422
Totals

Cases 1752 853 464 3 069

Deaths 897 477 178 1552

Nole: Cases are classified as confirmed (any suspected or probable
cases with a positive laboratory resulf); probable (any suspected case
evaluated by a clinician, or any deceased suspected case having an
epidemiclogical fink with a confirmed case where it has nof been
possible to collect specimens for laboratory confirmation); or suspected
(any person, alive or dead, suffering or having suffered from sudden
onset of high fever and having had contact with: & suspected, probable

‘or confirmed Ebola case, or a dead or sick animal; or any person with

stddan onset of high fever and at feast three of the following symptoms:!
headache, vomiting, anorexiafloss of appetife, diarthoea, lethargy,
stomach pain, aching muscles or joints, difficully swallowing, breathing

hittp://www.who.int/csr/don/2014_08_28 ebola/en/

26/10/23 11:4B
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difficutties, or hiccup; or any person with unexplained bleeding; or any
sudden, unexplained death).

The total number of cases is subject to change due to ongoing -
reclassification, retrospective investigation, and availability of faboratory
resuits, Data reporied in the Disease Qutbreak News are based on
offictal Information reported by Ministries of Health,

Related links

Ebola virus disease
Fact sheet; Ebola virus disease
Features: Ebola virus disease

Disease outbreak news: Ebola
virus disease {archive)

Travel guidance for health
authorities and the transport
sector

Country information

Guinea
Liberia
Nigeria
Sierra Leone

http://www.who.int/csr/don/2014 08 28 ehola/en/

26/10/23 11:48
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WHO: Ebola Response Roadmap Situation Report 1 g’@ World Health
29 August 2014 . 5% Organization

This is the first in a series of regular updates on the Ebola Response Roadmap. The update contains a
review of the epidemiological situation and response monitoring. This first update provides a_

~ baseline against which progress on the full implementation of the roadmap can be measured against
core Roadmap indicators over time. Additional indicators will be reported as data are consolidated.

The data contained in this report are based on the best information currently available. Substantial
efforts are being made to improve the availability and accuracy of information about both the
epidemiological situation and the response implementation.

Following the roadmap structure, country reports fall into three categories: those with widespread
and intense transmission {(Guinea, Liberia, and Sierra Leone); those with an initial case or cases, or
with localized transmission {Nigeria); and those sharing land borders with areas of active
transmission {Benin, Burkina Faso, Cote d’lvoire, Guinea-Bissau, Mali, Senegal) and those with
international transportation hubs.

The total number of prabable, confirmed and suspect cases in the current outbreak of Ebaola virus
disease (EVD) in West Africa is 3052, with 1546 deaths. Countries affected are Guinea, Liberia,
Nigeria, and Sierra Leone. The figure below shows the number of cases by country that have been

reported between the beginning of January 2014 {epidemiological week 1} and 25 August 2014
.(epidemiological week 34).

COUNTRIES WITH WIDESPREAD AND INTENSE TRANSMISSION

In the past six weeks, cases have continued to increase. Although the numbers of new cases
reported in Guinea and Sierra Leone had been relatively stable, last week saw the highest weekly

increase yet in all three affected countries. This highlights the urgent need to reinforce control
measures and increase capacity for case management.

Combined epidemioclogical curves

West Africa
600
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N ace :
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3 200
100
2
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Epidemiclogical week 2014

! A separate outbreak of Ebola virus disease, which is not related to the outbreak in West Africa, was repbrted
on 24 August by the Democratic Republic of the Congo.,



The figures below show the distribution of confirmed and probable cases in each of these countries,

GUINEA

accompanied by numbers of cases over time in capital cities.

These data indicate that the reporting of cases in Guinea appearé to have been relatively stable, but

with a marked increase in the recent week. Priorities continue to be to reduce incidence in the
epicentre (Gueckedou), and to address threatening foci in Conakry.

By contrast, in Liberia, cases are increasing in the epicentre {Lofa) and in the capital, Monrovia.
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The incidence of cases in Sierra Leone has been relatively flat, although with increases in the past
week. Problems in scaling up response measures persist, notably in two districts, Kenema and
Kailahun. Numbers of cases increased in the capital, Freetown. ’
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The map below shows the location of cases throughout the countries with most intense transmission,
differentiating the cumulative number of cases to date in each area, and the number occurring
within the past 21 days (i.e. corresponding to the incubation period for Ebola).
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- A full understanding of the outbreak that will lead to improved response requires detailed analysis of
exactly where transmission is occurring (by district level), and of time trends. This analysis is ongoing.
Preliminary results show that cases are still concentrated (62% of all reported cases since the
beginning of the outbreak) in the epicentre of the outbreak, in Gueckedou {Guinea); Lofa (Liberia),
where cases continue to rise; and Kenema and Kailahun (Sierra Leone). Capital cities are of particular
concern, owing to their population density and repercussions for travel and trade.

The outbreak continues to escalate. Over 40% of the total number of cases have occurred within the
past 21 days. However, most cases are concentrated in only a few places,

The overall case fatality rate is 51%. It ranges from 41% in Sierra Leone to 66% in Guinea.

Total number of probable, confirmed and suspected cases and deaths in
Guinea, Liberia and Sierra Leone



Cases Deaths

Country Casedef. Total 21days 21days(%) Total 21days 21days(%) CFR{3)
Confirmed 482 3 27 287 8 3 60

Guinea Probable 141 7 5 14 o o 100
Suspected 25 20 80 2 0 ¢ 8

All 648 158 24 430 8 2 66

Confirmed 322 192 60 225 16 7 70

Liberia Probable 674 423 63 30t 24 8 45
Suspected 382 251 66 168 14 8 44

_ All 1378 866 63 694 54 8 50

" "Confirmed 935 368 3% 3G I/ 7 FH]

Sierra Leone Probable 37 4 " 34 2 6 92
Suspected 54 19 - 35 8 2 25 15

All 1026 331 32 422 39 9 41

All All 3052 1355 44 1546 101 6 51

Note: Cases are classified as confirmed {any suspected or probable cases with o positive laboratory result}; probable (any
suspected case evaluated by o clinician, or any deceased suspected cose having an epidemiological link with o confirmed
case where it has not been possible to collect specimens for laboratory confirmation); or suspected {dny person, alive or
dead, suffering or having suffered from sudden onset of high fever and having had contact with: a suspected, probable or
confirmed Ebola case, or a dead or sick animal; or any person with sudden onset of high fever and ot least three of the
following symptoms: headuche, vomiting, anorexia/ loss of appetite, diarrhoea, lethargy, stomach pain, aching muscles or
Jjoints, difficulty swallowing, breathing difficulties, or hiccup; or any person with unexplained bleeding; or any sudden,
unexplained death).

COUNTRIES WITH AN INITIAL CASE OR CASES, OR WITH LOCALIZED TRANSMISSION

To date, the only country with cases linked to a case imported from a country with widespread and
intense transmission is Nigeria. The table below shows the distribution of cases in that country.

Cases Deaths

Case definition  Total 21 days 21days % Total 21days 21days% CFR

Confirmed 15 6 40% 6 4 67%  40%
Probable 1 1 100% 1 0 0% 100%
Suspected 3 3 100% O 0 - 0%
Total 19 10 : 53% 7 4 57%  37%

The first 14 confirmed cases were all linked to persons, including health care workers, in close
contact with an air traveller from Liberia, who entered Lagos on 20 July and died five days later. On
27 August, 1 additional case was confirmed in Port Harcourt by the Ministry of Health. A Ministry of

Health and WHO team Is in Port Harcourt supporting contact tracing and further investigation of the
incident. '



RESPONSE MONITORING

The map below shows the availability of the six interventions that are necessary to control Ebola in
the countries with most intense transmission. Work is ongoing to fully assess the coverage and
quality of each intervention in the affected areas.
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not yet been possible to verify all of this information.? Updates will be provided as more information becomes aveailable.

2 Sources of information include: WHO and Ministries of Health reports, OCHA 3 W matrix and maps, reports from UNICEF

Conakry and Geneva, situation reperts from NGOs {IMC) and cammunications with other partners and foreign medical
teams. :



Case management and infection prevention and control

There are serious problems with case management and infection prevention and control. The
situation is worsening in Liberia and Sierra Leone.

In Guinea, the capacity to manage the current load of EVD cases is currently adeguate in
Gueckedou and in Conakry.

In Liberia, the capacity to cope with the increasing caseload remains dramatically low,
especially in the capital, Monrovia, as well as in Bong and Nimba counties.

In Nigeria, a 40-bed isolation unit has been set up in the Mainland Hospital, and is sufficient
to accommodate the patients currently isolated. The Ministry of Health has set up an
isolation unit in Lagos town to care for cases.

In Sierra Leone, there is inadequate capacity to accommodate patients in Freetown. Patients
must be transferred to Kenema, which is already overwhelmed by local demand.

Health care workers continue to be seriously affected in all countries, especially in Liberia
and Nigeria.

Laboratary capacity

In Guinea, laboratory capacity currently appears to be sufficient. Support is being provided
by the Pasteur Institute Dakar in Conakry, the European Union Mobile Laboratory in
Gueckedou, and WHO.

In Liberia, specimens from Lofa county are tested in Guinea. Additional laboratory support’is
needed in Lofa to alleviate this burden. Specimens from other counties far from Lofa are
sent to Monrovia, where laboratory capacity, supported by the United States Army Medical
Research Institute of Infectious Diseases, US National Institutes of Health, and US Centers for
Disease Control and Prevention, is stretched. The need for more laboratory support is being
assessed in Bong {Pheebe hospital), Nimba and Bomi counties.

in Sierra Leone, additional laboratory support is needed in addition to the Kenema
laboratory (supported by Metabiota and the US Department of Defense Critical Reagent
Team) to cope with the increasing disease burden. A mobile laboratory from South Africa
has been deployed to Freetown, where Ebola treatment centres are being constructed to
care for patients locally and in better conditions, rather than referring them to Kenema.

In Nigeria, the Lagos University Teaching Hospital virology lab and the Lagos University
Laboratory are being supported by WHO and an EU mobile team from the WHO
Collaborating Centre in Hamburg, Germany.

COUNTRIES SHARING LAND BORDERS WITH AREAS OF ACTIVE TRANSIMISSION AND THOSE WITH
INTERNATIONAL TRANSPORTATION HUBS

The following countries share land borders or major transportation connections with the affected
countries and are therefore at risk for spread of the Ebola outbreak: Benin, Burkina Faso, Cote
d’lvoire, Guinea-Bissau, Mali, and Senegal.



WHO and a range of partners are working with countries to ensure that full Ebola surveillance,
preparedness and response plans are in place in these countries. Priority activities include activation
of active surveillance for clusters of unexplained death due to fever, provision of appropriate
information and advice to the general public and travellers; identification of an isolation unit;
verified access to a WHO-recognized laboratory; and the establishment of a strategy for identifying
and monitoring contacts of any suspected case. -
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BRIEF REPORT

Evidence for Camel-to-Human
Transmission of MERS Coronavirus

Esam I. Azhar, Ph.D,, Sherif A, E|-Kafrawy, Ph.D., Suha A. Farraj, M.Sc.,
Ahmed M. Hassan, M.Sc., Muneera S. Al-Saeed, B.Sc.,
Anwar M. Hashem, Ph.D., and Tarig A. Madani, M.D.

SUMMARY

We describe the isolation and sequencing of Middle East respiratory syndrome
coronavirus (MERS-CoV) obtained from a dromedary camel and from a patient who
died of laboratory-confirmed MERS-CoV infection after close contact with camels
that had rhinorrhea. Nasal swabs collected from the patient and from one of his
nine camels were positive for MERS-CoV RNA. In addition, MERS-CoV was isolated
from the patient and the camel. The full genome sequences of the two isolates were
identical. Serologie data indicated that MERS-CoV was circulating in the camels but
not in the patient before the human infection occurred. These data suggest that this
fatal case of human MERS-CoV infection was transmitted through close contact

with an infected camel.

l cently emerged in the Middle East region.*® Current epidemiologic data
' suggest multiple zoonotic transmissions from an animal reservoir leading

to human infection, sometimes with secondary transmission events in humans. In

this study, we describe reverse-transcriptase~polymerase-chain-reaction (RT-PCR) de-

tection, isolation, and sequencing of MERS-CoV from a camel and from a patient who

died of laboratory-confirmed MERS-CoV infection in Jeddah, Saudi Arabia.

ERS-COV IS A NEWLY IDENTIFIED HUMAN CORONAVIRUS THAT HAS RE-

CASE REPORT

A 43-year-old previously healthy Saudi man who had retired from the military was
admitted to the intensive care unit at King Abdulaziz University Hospital, Jeddah, on
November 3, 2013, with severe shortness of breath. Bight days before admission,
fever, rhinorrhea, cough, and malaise developed, followed 5 days later by shortness
of breath that gradually worsened. The patient owned a herd of nine camels that he
kept in a barn about 75 km south of Jeddah. The patient and three of his friends
had been visiting the camels daily until 3 days before his admission, The patient’s
friends reported that four of the animals (Camels B, E, G, and D) had been {1l with
nasal discharge during the week before the onset of the patient’s illness (Table 1).
As reported by his friends, the patient had applied a topical medicine in the nose of
one of the ill camels (Camel B) 7 days before the patient’s onset of illness. None of
the patient’s friends had had direct contact with the camels’ secretions or mucous
membranes. They all remained well during the 60 days that followed the onset of
illness in the patient. :

Five days after the patient’s hospitalization, symptoms of upper respiratory tract
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Table 1. Identification of MERS-CoV RNAin‘Nasal Swabs ahd MERS-CoV Antibodies in Human and Dromedary Samples.?
Host Age Real-Time RT-PCR IFA

) Culture Serum Serum

Original Nasal Samplest Isolatesy Sample 1§  Sample 29
upk ORFla ORF1b
yr cy}.'!e threshold |

Patient 43 4 275 347 333 13.2 <1:10° 1:1,280
Camel A 9 ND ND ND ND 1:51,200 1:51,200
Camel B <l 36.3 369 375 11.1 1:160 1:1,280
Camel C 10 ND ND ND ND 1:12,800  1:12,800
Camel D 12 ND ND ND ND - 1:1,280 1:1,280
Camel E 12 ND ND ND . ND 1:640 1:12,800
Camel F| <1 ND ND ND ND 1:80 1:1,280
Camel G| <l ND ND ND ND 1:320 1:640
CameiH 12 ND I ND ND ' ND 1:10 1:640
Camel I =+ 2 ND ND ND ND 110 1:1,280

k-
detected. ‘

IFA denotes immunofluorescence assay, MERS-CoV Middle East respiratory syndrome coronavirus, and ND not

i Results of a real-time reverse-transcriptase-polymerase-chain-reaction (RT-PCR) assay are shown for the first samples

collected from the patient and the camels, Eluted RNA was screened for the MERS-CoV upstream region of the
E gene (upE region) and confirmed by targeting the open reading frame ORFla and ORF1b regions. Samples with a

cycle threshald below 40 were considered to be positive,

collected from the patient and the camels.

e

} The culture isolates tested for the upE region were procured fram Vero cells inoculated with the first nasal samples

Serurm sample 1 was obtained on hospital admission from the patient and 5 days later from the camels.
Serum sample 2 was collected on hospital day 14 from the patient and 28 days after the collection of sample 1 (i.e,,

33 days after the patient’s hospital admission) from the camels.
The presence of rhinorrhea was reported during the week preceding the onset of the patient's illness.
** The first nasal sample from this camel was collected 33 days after the patient's hospital admission.

infection developed in his 18-year-old daughter
and resolved spontaneously within 3 days without
any complications. After admission, the patient’s
condition continued to deteriorate, and he died
on November 18, 2013, Figure 1 shows a time-

line of the main events. Details of the clinical

assessment and hospital course are provided in the
Supplementary Appendix (available with the full
text of this article at NEJM.org), including labora-
tory investigations (Table S1), chest radiography
{Fig. 81), and computed tomography (Fig. §2).

METHODS

FIELD INVESTIGATIONS . .
Five days after the patient was admitted to the
hospital, a veterinarian examined the nine camels,
a procedure that was repeated for the following
27 days. During these examinations, the camels
were found to be completely healthy, with no na-
sal discharge.

SAMPLE COLLECTION

Nasal swabs were obtained from. the patient on
hospital days 1, 4, 14, and 16. Blood samples were
also collected from the patient on days 1 and 14.
In addition, a nasal swab was obtained from the
patient’s daughter 1 day after the onset of her ill-
ness. Six days afier the patient’s admission, blood
samples were collected from his three friends, who
were asymptomatic. Nasal swabs, blood, milk,
urine, and rectal swabs were collected from the
nine camels 5 days after the patient’s admission.
Blood and nasal samples were collected again
from the camels 28 days later (i.e., 33 days after
the patient’s hospital admission). All nasal swabs,

which were immersed in viral transport medium,

and other samples were transported in a cold con-
tainer to the Special Infectious Agents Unit, a bio-
safety level 3 laboratory at King Fahd Medical Re-
search Center, King Abdulaziz University, Jeddah,
for analysis. Blood samples were centrifuged and
serum samples were collected for analysis.

N ENGL) MED 370;26 NEJM.ORG JUNE 26, 2014
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BRIEF REPORT

Chest radiograph
First nasal and blood
samples from patient

Daughter's onset of illness Third nasal sample and
First nasal and blood second bloed sample
samples from camels from patient
Chest radiograph Nasal sample from daughter Fourth nasal
CT scan Blood samples from friends sample
Second Chest radiograph from patient
Camels' lflness nasal
Patient's close Worsening sample Resolution Second nasal
contact with of patient’s from of davghter's and blood samples
sick camels symptoms patient symptoms from iamels
AdmissionDay -5 J/ -8 j/ -3 1 2 3 4 5 6 7 8 9 10 1 1z 13 14 15 16 33 J
October November December
Patient's onset  Patient's - Patient’s
ofillness admission death

Figure 1. Timeline of the Mala Events and Collection of Samples.

Shown in the top row are the days before and after the patient's hospitalization on which clinical events and the collection of samples
occurred, with the corresponding calendar dates in the row below. CT denotes computed tomography.

* CELL CULTURE

Vero cells (ATCC CCL-81) were inoculated with
100 ul of the nasal swab medium and main-
tained in complete Dulbecco’s Modified Eagle’s
Medium, as described previously.* The cells were
incubated in a humidified atmosphere at 37°C in
5% carbon dioxide and examined daily for a eyto-
pathic effect. Cell-culture supernatants were col-
lected when a cytopathic effect was observed and
were analyzed by means of real-time RI-PCR.
The MERS-CoV isolate that was generated from
the first culture passage was used for whole viral
genome sequencing.

MOLECULAR DETECTION

RNA was extracted from the nasal swabs or cul-
ture supernatants with the use of the QlAamp
Viral RNA Mini Kit (Qiagen), according to the
manufacturer’s instructions. Eluted RNA was
screened for the MERS-CoV upstream region of
the E gene (upE region) and confirmed by tar-
geting the open reading frame region ORFla
and ORF1b with the use of real-time RT-PCR,
as described previously.?2 Further confirmation
was performed by partially sequencing the RNA-
dependent RNA polymerase (RARp) and nucleo-
capsid (N} regions of the viral genome, as rec-
ommended by the World Health Organization.

)

Both assays were conducted on the original
samples collected from the patient and from
Camel B. (Details regarding the RT-PCR assay
and sequencing are provided in the Supplernen-
tary Appendix.)

VIRAL GENOME SEQUENCING

Viral RNA extracted from culture supernatants that
had been inoculated with samples from the pa-
tient and from Camel B were subjected to RT-PCR,
amplification with an ABI Veriti thermal eycler
(Applied Biosystems) with the use of primer pairs
covering the whole length of the viral genome. The
RT-PCR fragments were then sequenced, as de-
scribed in the Supplementary Appendix. Sequences
were deposited in GenBank and given accession
numbers (KF958702 MERS-CoV-Jeddah-human-1
for the patient’s isolate and KF917527 MERS-CoV-
Jeddah-carnel-1 for the camel’s isolate). Genomic
regions containing unique mutations were also
partially resequenced from the original samples
obtained from both the patient and the camel.

PHYLOGENETIC ANALYSIS

Sequences were aligned with all MERS-CoV ref-
erence strains retrieved from GenBank. Phylo-
genetic analysis and distance calculations were
performed with the use of Molecular Evolution-
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ary Genetics Analysis (MEGA) software, version 5,
by means of the neighbor-joining method with
1000 bootstrap replicates.

CONVENTIONAL [MMUNOFLUDRESCENCE ASSAY
Serum samples that were collected from the
patient and the camels were serially diluted up
to 1:51,200. A conventional immunofluorescence
assay to detect anti-MERS-CoV antibodies was
performed in Vero cells infected with MERS-CoV,
with the use of a commercially available test kit
{Anti-MERS-CoV IFT, EURQIMMUN), as described
previously.2

RESULTS

Nasal swabs that were collected from the patient
on hospital days 1, 4, 14, and 16 were all positive
for MERS-CoV upE, ORFla, and ORF1b regions on
real-time RT-PCR (Table 1). The first nasal sample
collected from one camel (Camel B) was also pos-
itive for the three regions (Table 1), The second
sample collected from this camel 28 days later
was negative. Nasal samples that were collected
from the other carmels on day 1 (seven camels)
and on day 28 (eight camels) were negative for
MERS-CoV BNA (Table 1). The milk, urine, and
rectal samples collected from all camels were
negative for MERS-CoV RNA. The nasal sample
collected from the patient’s daughter, who had
symptoms of upper respiratory tract infection,
was negative for MERS-CoV and HIN1 influenza
virus RNA. '

Vero cells that had been inoculated with the
first samples obtained from the patient and from
Camel B showed a cytopathic effect in the form
of detachment of cells 3 days after inoculation.
Culture supernatants collected 3 days after in-
oculation with both samples were positive on
real-time RT-PCR for the upE, ORFla, and ORF1b
regions. {Table 1 shows the results for the upE
region.) '

To further confirm these results and to ex-
chide the possibility of cross-contamination be-
tween the cultures for the patient and Camel B,
RNA samples that had been extracted from the
original nasal swabs obtained from the patient
and from Camel B were subjected to partial ge-
nome sequencing of 242-bp fragments (nucleotides
15049 to 15290) and 312-bp fragments (aucleo-
tides 29549 to 29860) in the RdRp and N regions
of the viral genome, respectively. The presence of

Figure 2 {facing page}, Phylogenatic Analysis of the Full
Spike-Protein Coding Gene and the Full Genome
in Human and Camel Samples.

Shown are the phylogenetic trees that were constructed
for the gene encoding the full épike protein (nuclectides
21450 to 25511) (Panel A} and the full genome (Panel B).

"Trees were generated from nuicleotidé alignments of
sequences from culiure isolates obtained from both
the patient and Camel B and from the Middle East re-
spiratory syndrome {MERS) coronavirus sequences
available in the GenBank database. The sequences of
the samples obtained from the patient and Camel B
are indicated by red squares. The abbreviation cg de-
notes complete genome sequence, and pg denotes
partial genome sequence,

MERS-CoV-specific sequences in these samples
was confirmed. Alignment of these two fragments
from the two samples confirmed that they were
identieal, :

Full genome sequencing of culture isolates ob-
tained from the patient and from Camel B showed
that the two samples were 100%. identical.
Alignment of the sequences that were obtained
in this study with others reported in GenBank
showed unique mutations in 14 nucleotide posi-
tions (Table 82 in the Supplementary Appendix).
Partial genome sequencing of the regions con-
taining these mutations from the original sam-
ples obtained from the patient and from Camel B
showed the same mutations except for a T-to-C
substitution at position 10154 and a T-to-G trans-
version at position 25800 (Fig. S3 in the Supple-
mentary Appendix). Apart from these differences,
there was complete concordance between the two
sets of partial sequences obtained directly from
the original samples and those obtained from
cultures.

Phylogenetic analysis of the gene encoding the
full spike protein (nucleotides 21450 to 25511)
and the whole genome indicated that the MERS-
CoV isolates obtained from the patient and
from Camel B were closely related to the Riyadh
3{2013 isolate (KF600613.1), the MERS corona-
virus isolate {known as the MunichfAbu Dhabi
isolate) (KF192507.1), the betacoronavirus Eng-
land 1 isolate (KC164505.2), and the human be-
tacoronavirus 2c¢ England-Qatarf2012 isolate
(KC667074.1), with 99.8% similarity in sequence
identity matrix (Fig. 2). Similar topology was also
observed for other viral genes obtained in this
study.

The serum sample collected from the patient
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A Full Spike Gene

KF600830.1 MERS syndrome coronavirus isolate Buraidah 12013 cg
KFG00627.1 MERS coronavirus isolate Al-Hasa 12 2013 cg
KF185566.1 MERS coronavirus isolate Al-Hasa 2 2013 cg
KF600628.1 MERS corenavirus isolate Hafr-Al-Batin 1 2013 cg
KF600852.1 MERS corenavirus isclate Riyadh 2 2012 ¢g
KF600547.1 MERS coronavirus isolate Al-Hasa 17 2013 cg
KF600632.1 MERS coronavirus isolate Al-Hasa 19 2013 cg
KF600612.1 MERS coronavirus isolate Riyadh 12012 cg
KF192507.} MERS coronavirus cg

KFEDOE51.1 MERS coronavirus isolate Al-Hasa 18 2013 cg
KF186564.1 MERS coronavirus isolate Al-Hasa 4 2013 cg
KF600634.1 MERS corcravirus isolate Al-Hasa 21 2013 cg
KF600644.1 MERS coronavirus isolate Al-Hasa 16 2013 cg
KF186565.1 MERS isglate Al-Hasa 3 2013 cg

KF600645.1 MERS corenavirus isolate Al-Hasa 15 2013 cg
KF600620.1 MERS carenavirus isolate Bisha 1 2012 ¢g
KFB00843.1 MERS coronavirus isolate Al-Hasa 14b 2013 pg
KF600536.1 MERS coronavirus isolate Al-Hasa 11¢ 2013 pg
JX869059.2 Human betacoronavirus 2c EMC/2012 cg
KC164505.2 Betacoronavirus England 1 cg

KC667074.1 Human betacoronavirus 2e Eng-Qatarj2012 cg
I KF917527 MERS Coronavirus Jeddah Camel 1

M KF958702 MERS Coronavirus Jeddah Human 1
KF&006813.1 MERS corohavirus isolate Riyadh 3 2013 ¢g
KC776174.1 Human betacoronavirus 2e Jordan-N3/2012 cg
KF186567.1 MERS coronavirus isolate Al-Hasa 1 2013 ¢g
KF600655.1 MERS caronavirus isolate AlHasa 7a 2013 pg

B Full Genome

M KF917527 MERS Coronavirus Jeddah Camel 1

I KF953702 MERS Coronavirus Jeddzh Human 1

KF600613.1 MERS coronavirus isolate Riyadh 3 2013 cg
KC667074.1 Human betacoronavirus 2c Eng-Qatar/2012 cg
KC164505.2 Betacoronavirus England 1 cg

KF192507.1 MERS coronavirus eg ,

KC776174.1 Human betacoronavirus 2c Jordan-N3/2012 cg
JX869059.2 Human betacoronavirus 2c EMCf2012 cg
KF&00620.1 MERS coronavirys isolate Bisha 1 2012 cg
KF&00612.1 MERS coronavirus isolate Riyadh 1 2012 eg
KF600528.1 MERS coronavirus isolate Hair-Al-Batin 1 2013 ¢g
KF600530.1 MERS coronavirus isolate Buraidah 1 2013 cg
KF600652.1 MERS coronavirus isolate Riyadh 2 2012 cg
KF600655.1 MERS coronavirus isolate Al-Hasa 7a 2013 pg
KFE00645.1 MERS coronavirus isolate Al-Hasa 15 2013 cg
KF600644.1 MERS coronavirus isolate Al-Hasa 16 2013 cg
KFG00634.1 MERS coronavirus iselate Al-Masa 21 2013 cg
KF186566.1 MERS coronavirus iselate Al-Hasa 2 2013 cg
KF600647.1 MERS coranavirus isolate Al-Masa 17 2013 cg
KF600632.1 MERS coronavitus isolate Al-Hasa 19 2013 cg
KF186567.1 MERS corenavirus isolate Al-Hasa 1 2013 eg
KF&00651.1 MERS corenavirus isolate Al-Hasa 18 2013 ¢g
KF600627.1 MERS coronavirus isolate Al-Hasa 12 2013 ¢g
KF186565.1 MERS isolate Al-Hasa 3 2013 cg

KF186564.1 MERS coronavirus isolate Al-Hasa 4 2013 cg
KFE00643,1 MERS coronavirus isolate Al-Hasa 14b 2013 pg
KFG00636.1 MERS coronavirus iselate Al-Hasa 11c 2013 pg

- KC545386.1 :7282-21673 Betacoronavirus isolate ErinaceusCoV/2012.218/GER/2012 cg
"L KC545383.1 :7255-21646 Betacoronavirus isolate ErinaceusCoV/f2012-174/GER /2012 cg
DQ648794.1 :6838-21617 Bat coronavirus (BtCoV/133/2005) cg
EFD85508,1 :6854-21636 Bat coronavirus HKU4-4 cg
EF065503.1 :6824-21806 Bat coronavirus HKU4-1 cg
EF063507.1 :6824-21606 Bat coranavirus HK4-3 cg
EF065506.1 :6824-21606 Bat coranavitus HKU4-2 cg
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on day 1 was negative for MERS-CoV antibodies
{<1:10) on immunofluorescence assay, whereas
the sample collected on day 14 showed quadru-
pling of the antibody titer (1:1280) (Table 1, and
Fig. 54 in the Supplementary Appendix). Paired
serum samples that were collected from Camel B
also showed an increase in the antibody titer by
a factor of more than 4, an increase that also
occurred in four other camels (Camels B, F, H,
and I) (Table 1). The remaining four camels
(Camels A, C, D, and G) had high antibody titers
in both samples (Table 1). No MERS-CoV anti-
bodies were detected in serum samples obtained
from the patient’s three friends.

DISCUSSION

The epidemiologic features of the MERS-CoV in-
fections suggest zoonotic transmission from an
animal reservoir to humans, perhaps through an
intermediate animal host.*%*¢ Limited secondary
transmission from human to human has also been
confirmed in both health care and household set-
tings.571% Analysis of short genomic sequences in-
dicated that MERS-CoV might have an ancestor in
bats,®***2 This hypothesis was further supported
by the detection of a small fragment of genomic
sequence identical to that of EMCJ2012 MERS-CoV
Essen isolate {(KC875821) in an Egyptian tomb bat
{Taphozous perforatus) that had been captured in
Saudi Arabia.?3 In addition, serologic studies have
shown the presence of cross-reactive antibodies
to MERS-CoV in dromedary camels in Oman, the
Canary Islands, and Egypt.+14

However, the mere presence of antibodies
that are cross-reactive to MERS-CaV without si-
multaneous isolation or PCR detection of the
virus from camels in these studies could not
confirm their role as reservoirs or intermediate
hosts for transmitting the virus to humans. In a
recent study, the presence of MERS-CoV RNA
was confirmed on real-time RT-PCR assay and
partial genome sequencing of the viral RNA in
3 of 14 nasal samples collected from 14 camels
on a farm in Qatar and in 2 nasal swabs col-
lected from two patients on the same farm.'s
However, conclusive evidence of transmission from
camels to humans or vice versa could not be
established.?s

In our study, the evidence suggests that a
dromedary camel was the source of MERS-CoV
that infected a patient who had had close contact

with the camel’s nasal secretions. The presence
of identical sequences in the two MERS-CoV
isolates recovered from the patient and from
Camel B suggests that direct cross-species trans-
mission had probably occurred between the two
without any intermediate host. Although cross-
contamination between the two samples could
be a concern, it is unlikely, owing to the inde-
pendent times and locations of collection and
processing of the two samples. We concluded that
the camels had been infected before the patient,
since the first serum samples collected from four
of the nine camels showed high MERS-CoV anti-
body titers that did not subsequently increase,
as compared with negative MERS-CoV antibody
(<1:10) in the patient’s first serum sample and the
subsequent quadrupling (1:1280) in the patient’s
second sample, collected 2 weeks later. In addition,
active transmission of MERS-CoV among the nine
dromedary camels was suggested by a rising
MERS-CoV antibody titer and the detection of
MERS-CoV RNA and viral isolation from the na-
sal secretions of Camel B, along with evidence of
MERS-CoV antibody titers in the other eight
camels that were either high (in four camels) or
rising (in four camels). Although it is possible
that camels shed the virus intermittently, the
clearance of MERS-CoV from the nasal secre-
tions of Camel B and the absence of any detect-
able MERS-CoV RNA from the secretions of the
other camels, despite the serologic evidence of
recent infection, suggest that these camels were
transiently infected and did not shed the virus sub-
sequently. These two isolates showed close simi-
larity (99.8%) to the Munich/Abu Dhabi isolate
(KF192507.1), betacoronavirus England 1 isolate
(KC164505.2), human betacoronavirus 2¢ England-
Qatar/2012 isolate (KC667074.1), and Riyadh 3/2013
isolate {KF600613.1). However, unique mutations
were identified in the sequences that differentiated
them from other, previously reported sequences
(Table S2 in the Supplementary Appendix). The
nucleotide differences between sequences of the
original samples and those of the culture iso-
lates at positions 10154 and 25800 were proba-
bly caused by cell-culture adaptive mutations.
In conclusion, these data suggest that MERS-
CoV causes a zoonotic infection that can infect
dromedary camels and can be transmitted from
them to humans through close contact. These
data also suggest that the camels were tran-
siently infected, since the virus seemed to be
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cleared after the acute infection. Camels may act
as intermediate hosts that transmit the virus
from its reservoir to humans. The exact reservoir
that maintains the virus in its ecologic niche has

yet to be identified.

Editar's note: The patient and camels discussed in this article are
also described in Memish ZA, Cotten M, Meyer B, et al. Human
infection with MERS coronavirus aftet exposure to infected cam-

Disclasure forms provided by the authors are available with the
full text of this article at NETM.org.

We thank Professor Chiristian Drosten, Institute of Virology,
Bonn University, Bonn, Germany, for providing MERS-CoV-spe-
cific primers and an anti-MERS-CoV antibody conventional
immunofluorescence assay kit and for his technical advice; and
Professor El-Tayb M. Abuelzein, Sheikh Mohammad Hussain
Al-Amoudi's Scientific Chair for Viral Hemorrhagic Fever, King
Abdulaziz University, Jeddah, for conducting the veterinary as-

els, Saudi Arabia, 2013. Emerg Infect Dis 2014;20:1012-5.

camels.

sessment and overseeing the collection of samples from the
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Your health, your choices

Deadly MERS ‘camel flu" may now be airborne

Behind the Headlines

Thursday July 24 2014

MERS emerged in the Middle East during 2012

*Deadly Mers virus 'could now be airborne',” The Independent reperis. The Middle East Respiratary ‘Syndroma (MERS) virus, which has an estimated
case fatality rate of 50%, has been delected in an air sample in a camel barn in Saudi Arabia. This raises the possibility the virus could be spread
through the air in the same way as flu.

MERS emerged in 2012 and can be extremely serious, leading ic severe breathing difficulties, kidney failure and death ({though it appears some people
may become unaffected carriers of the virus).

The World Health Organization (WHO) states that 837 laboratory-confirmed cases of infection have been reported since 2012, including at least 291
related deaths,

In 2013, evidence emerged thatl camels could be the main source of the virus (hence the nickname).

The research behind the story highlights the case of a2 man and his came!s living in Saudi Arabia. The man and some of his camels were infected with
MERS, and the man sadly died as a result,

On investigation, genetic fragments from the MERS virus were detected in an air sample from the barn housing the infected camels.

There is no concrete evidence that the man was infected through the air, and it should also be noted that he had direct contact with the camels.
Howaver, the possibility of airborne transmission has raised concerns.

It is important to keep researching this new virus and tracking its spread, to gain a better understanding of how it is transmitted 1o people,

Advice for travellers

There are currently no medications, or similar, to protect against the MERS infection.

If you are lraveﬂlng to the Midgle East, taklng standard precautions against airborne viruses, such as the common celd and flu, could help reduce your
risk. These include:

« making sure you wash your hands regwvlarly with soap and water

+ washing your hands before ar after touching animals

« aveiding contact with sick animals

+ cleaning surfaces such as keyboards, telephones and door handles regularly tc get rid of germs

using tissues to cover your mouth and nose when you cough or sneeze
putting used tissues in a bin as soon as pessible

More specifically, the WHO advises that people aveid close contact with animals - particularly camels - when visiting farms, markets or barn areas where
_ the virus is known to be circulating. People should also avoid drinking raw came! milk or camel urine, or eating meat that has not been properly cooked.

Where did the stdry come from?

The study was carried out by researchers from King Abdulaziz University, Jeddah, Kingdom of Saudi Arabia, and was funded by the same institution.
The study was published in the Armerican Society for Microbiology, a peer—teviewed science journal.
This whole journal is open-access, meaning that anyone can read the publications for free online, including this Jatest research.

The study highlights new research into the origins and possible transmission of Middle East Resplratory Syndrome Coronavirus (MERS-CaV) ~ a new
human virus that causes severe respiratory symptoms and kidney failure,

Since it was recognised, the WHO reports there have been 837 laboratory confirmed cases in humans, and_at least 291 deaths.

The authors report that these have been in at least 17 countries in Asta, Africa, Europé and North America — most originated from countries in the
Arabian Peninsula, including Saudi Arabia,

They say the virus has the ability to infect close contacts such as family members and healthcare workers, and that it causes the death of many of those
affected. This means the virus is a potential globat public health threat. A case death rate of just under 30% is unusually high for a respiratory virus, a
statistic that has sparked concern.

The authors say the origin and transmission of MERS is not fully understood, but it seems hurnans could contract it through direct contact with infected
camals. Howaver, intermediate steps in this process have been suggasted, as well as airborne transmission.



This latest research aimed to investigate whether MERS-CoV might be transmitted from camels to hurnans via the air. -

What kind of research was this?

This was a laboratory analysis of air samples collected from a camel barn in Saud) Arzbia.

The researchers knew of a man and some of his nine camels that had contracted exactly the same MERS virus (100% identical when tested in the lab),
suggesting that the camels had infected the man.

However, it was not clear whether the man contracted the virus from touching the camels ar from braathing in air containing the virus criginating from the
camels.

What did the research involve?

The researchers tested the air from the barn where the infected camels were housed for traces of the MERS virus to see if, at least in theary, it was
possible for the virus to be transmitted through the air.

The man became unwell on October 25 2013 and reported that four of his camels had suffered respiratory illness since October 19, He was admitted to
an intensive care unit ICU} on November 3 2013, Three air samples were collected from the camel barn on three consecutive days from November 7,
All three samples were screened for the presence of the MERS virus genetic material, and the camels were tested for the MERS-CoV infection.

The rman died on November 18 2013; his camels appear to have survived.

What were the basic results?

Only the first air sample tested positive for airborne MERS genetic material. The other two samples, collected in the next two days, were negative, The
authors note that the first sample was collected on the same day as one of the nine camels alsc tested positive for the MERS infection, although four of
the nine camels had been showing signs of respiratory iliness for many weeks,

They confirmed that the genetic fragments from the air were 100% identical to fragments found in the infected man and the infected camel. This, they
said, suggested that the genetic material in the air had originated from the infected camel.

The virus material from the aic samples was not able to infect cells in the laboratory, indicating there may have been loss of viral infectivity from the air
sample.

How did the researchers interpret the results?

The authors say the data suggests that, “camels may be a source of infectious MERS-CoV, which can be transmitted to humans within confined spaces”
and that, “these results also suggest that air sampling might be a useful approach to investigata the role of the airborne transmission of MERS-CoV
spread and shedding.”

They added that, “further studies are urgently needed to fully understand the role of camels in the transmission of MERS-CoV and whether airbormne
transmission plays a role in MERS-CoV spread, in order to implement control and prevention measures to prevent the transmission of this deadly virus.”

Conclusion

This genetic research found genetic fragments from the MERS virus in an air sample of a barn housing MERS-infected camels. This raises the possibility
that the owner contracted the MERS virus from airborne transmission, rather than through direct contact, as had previously been assumed.

However, it is important to realise that, based on this research alone, there is no concrete evidence 1o suggest the transmission was airborne, only that it
_ is a possibility to investigate fucther.

It was also unusual that the virus was only detected in one of the three air samples, taken 12 days after the onset of iliness and four days after the man
had been admitted to an ICU. There could be many explanations for this — such as ventilation in the barn.

Either way, it highlights that more investigation is needed to establish whether the MERS virus, or at least some strains of it, is regulasly aicborne and
how long it may stay airborne.

Research needs to establish how MERS infection is spread between camels and humans, and whether ¢this can happen through the air, If it can, this
makes the virus more likely to spread quicker and more widely, like other airborne diseases, such as flu. Research also needs to establish whether the
MERS virus can remain infectious when on surfacas, which may be touched by people, providing further indirect infection routes.

This study is important because the MERS virus is new, so is not yet fuliy understocd. It will be important to keep researching this virus and tracking its
spread to better understand how it is transmitted to humans. This will, ultimately, help inform better prevention or control measures, thereby protecting .
people fram this potentially fatal infection.

In the meantime, the WHO recommends strict control measures such as gloves, mask and eye protection for healthcare workers when caring for
affected individuals. There are as yet no travel or trade restrictions, and no screening recommendations for entry into other countries.

Read the latest WHO Disease cutbreak news here.

Analysis by Bazian. Edited by NHS Choices. Follow Behind the Headlings on Twitter. Join the Healthy Evidence forum,

Links to the headlines

Deadly Mers virus ‘could now be airborne’, warn scientists in study on Saudi Arablan barn, The Independent, July 22 2014




Deadly MERS virus 'may be airborne', sparking fears it may spread quicker. Mail Onling, July 23 2014
Links to the science

Azhar El, Hashem AM, EFKafraw SA, et al. Detection of the Middle East Respiratory Syndrome Coronavirus Genome in an Air Sample Originating from
a Camel Barn Owned by an Infected Patient, mBio. Published online July 22 2014

Anzlysis by Bazian..
Edited by NHS Choices
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Give blood

Many people would not be alive today if it wasn't for the generosity of our donors. To join them teday, find a blocd donation session near you:
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B X
TR Js8—4 A (Ross River virus : RRV) &%
PSERA—A P 7RB LD ELEFETT TR

bhd, RRVICX o TEERI ShBREETHD.

ZHETHRENIKBWTHERI S h BRI %
 SEFEHNOEFALERLDHET 5.
E B

BE 3 kR

EiF : FEE.

B « s EER L.

BRE 2013 1 AP LY -3V 7Ry F—%F
RLT, =AM ZVTC#ERLTwE 2ARPD

1 BB A= FITHRTLTWARAE A LR VD -

WBELTWE,
SAMHOBREBICEREDEELEE GEOE

EEHEL, $OVBRELIEEChol. BHICIE

FOEPEL LS ERGIE S HE Lk, T
FERE (general practitioner) 2SS L7, Mk
FHITSN/AL A, WBC 4600/uL, Hb 139g/dL,
Plt 180000/uL, ESR 7mm/hr, AST 20IU/L, ALT
14TG/L, CRP 003mg/dL, #OdEchisngs
2, ERRBE 20297 Hamsny o
0%, EREBELCFR0whon, BEbHELCL
PEVRETHo . 3 BRICHEFHEORBITIC
HEFTHAL .

4 R EANCESEELL, RER: FiREORELE
Zols. BEROXSLEREEALAE,SE F0O
CRAEEEES, A RO REBOBEEAR RS2

BURIRE RS © (T604-8845) FUARRFIEDT Ao X430 4
BT 1—2
R T AIR B R R ITEEEAEE

SEnk264E 3 H20H

7=, MR ZHITE N, WBC 3,800/ul, Hb 123g/
dL, PIt 180000/uL, ESR 5mm/hr, #@ifoiRET
bEEITNEEFRAOCAL P o/ RRV, /Neg
BRIA VAL Vo7 A VAERDEESL, w4
W ARERM SR ARHEC CRAEAB L
o, 0

SAMArORERRACHEL, FF2I51
ToTai FAZOE RRVOBREXRBEECH -
REERIYETOLORL ERIREOHE R  Ros
River virus serology :'IgG antibody : low positive,
IgM antibody : positive 2013/4/19. IgG antibody :
positive, IgM antibody : positive 2013/5/9).

5 A7 REFSWMERIEARS VEHLIZ o
7o, ERAFEL 5 AREIBEL, KBE3 AR
LEERR L otk

AR, RBE, REL UEEEDAOERE Lo
7.

PIBR: 4 ¥ FRF Y, LaxsT.

MHRBE : EREH, IE 109/59mmHg, A
76 /%, #3274,

FIIRED - DR - RERICESEERTR B L, BBl L.

ERBE, RECERHY, BERAERRLL.

HRCERERSH D, ERARTHERHBELv.-H
AR L.

ZORMOBHC L BEAHRE R L.

MPEHRE (Table 1) : BERBOLFRE 2, I
TR EFALED o,

MEEER  A—A V7 CREL-BE%RE
L LR R TORERR LD, RRV EdE
ZEEv, BV RIGERIERTICOREEKEL:. 2K
OMFARFEITT, Ross River virus 1gG Bi%, [gM B



156 %ﬁ%%ﬁ%ﬁkﬁﬁ o

Table 1 Laboratory findings

WBC 5300 /UL AST 14 TU/L ANA <40 x
Neutro 64.0 % ALT 11 /L anti-isDNA <7 I/mL
Lympho 262 % LD 147 1U/L RF 34 OJ/mL
Mono 65 % ALP 138 IU/L aoti-CCP 0.6 U/mL
Eosino 27 % +GT 10 TU/L
Baso 06 % Amy 94 IU/L Urinalysis

Hb 125 g/dL Crea 0.5% mg/dl, glucose (-

Plt 19.3x10% /ul. BUN 100 mg/dlL pratein (-)

PT-INR 0.96 Na 139 mEa/L blood (-

APTT 2855 K 45 mEqg/L ketone {~)

ESR 4 muy/hr cl 107 mEq/L RBC 14 /3F

TP 71 g/dL ‘T-Bil 04 mg/rdL WBC <1 /HF

Alb 42 g/dl. CRP 001 mg/dL

CK 102 TU/L

Tzable 2 Ross River virus serclogy test
Day of first visit 2 weeks after
IgG absorbed IgM ELISA {panbic)  index=284 Index=282
' positive positive ’

IgM capture ELISA (in house) P/N rato=28 P/N ratio=24
endpoint titer: 1,600x endpoint titer: 400x
Dositive positive

IgG ELISA (panbio) index=2284 index=282 .
endpoint titer; 800x endpoint titer: 800x
positive positive

Neutralizing antibody titer: 1.280x titer: G40x
positive positive

T (Table 2, Fig 1) TH Y, RRVOAERE L F
AL TORDEESFL 2EHRCEERES
ITo7=%5, ®1% Y Ross River virus IgG KB TH 1,
IgM iE capture ELISA - 3T, 1600x 7 & 400%
EHARMEDIET 2 5%, RRV OBMBRYE: LTFE
LBWHRRThHo7z. Z0D RRVBRE LB L
7. )
z B

RRVEHICL s TEASHA TR VAD—
BTHY, PHYANRE, TATFILVMRBIS
FEha 99ECF—ZAMFVT, 24~ X5
v FM @ Ross River T, Aedes wvigilax 7 HHHTH
ST, Aedes vigilax YITVIZ Aedes comptovhynchus,
Culex annulirostris 7 EQWHIENTE L ENT WD,
F—A TN T7TTREFEN400 AOBERRELT
BY, EE, HHERL, FH WQArL2
BE) 2T 45. A—2 59 7UHNTY, R7T
Za—=FoTF, Za-HLFoT, 74V, 27,
v VHBLVoREROETLRENRFE AT
5,

RRV DIEERA ¥ TN~ S¥—ThY, 22

PEREENTAI LI T MIBRRAES 5.
BELTHEHD LEEERT, —ER3 2 bk
ENLHFFHRICE Y ZOREZEER ESh, &
NE THEEROBRE T 2w,

RRV BE#E OEAEI M2 E% 7~9 A Ch 525, 3~
ZIACRAZELH DY, MEE - QEE, REvk
B, HAE, BR, VURSERLvo e gER
PEMERTH S, @DHi%  WEEZIIZESTORS

- AL, ELLT/EE, SEMC, T, EEE

JREAHE, J5E5EE, HOELESHHEICEsShE, B
IR A REMSEL S LM T, BEEI~-6 0 B
W, TRUEREE LSS, ERIEET A EED
BIZE, BRIV e FHERLIORESHL TV
LBHShARELS, ThOHORBMTEREED
BRE2oTWR LW BEDLHBY. ERIBET
HBFBVWTI, MREOAEIEHIIArTDE
LT AERDH S, BHIZ1~Smm OEEKKRE
BEBLEN% OBECALNS, BEERYSS
ERPLHABRTHAL, 5~10 B CclgB+s oL
PEWH, HEHICEERTEILLH S, SEE
%ﬁ%ﬁm&<.%<uﬁﬁ.mﬁt%6ﬂ,ﬁuu

BHESHEE &88% Hm2%
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Fig. 1 Detection of Ross River virus antibodies using the immunofluorescence

methad.

Immunodetection using 1: 10 diluted patient serum sample (A, B). 1: 10 diluted poly-
clonal RRY antibody (C, D), and non-RRV human serum {E, F). RRV infected celis
were stained with the primary antibody or a’serum sample and the secondary
green-fluorescent goatanti human IgG antibody. Both patient serum sample and
positive control (anti-RRV polyclonal antibody) detected the RRV antigen (bright
greem, figure 1A and C). Images were obtained using fluorescent (4, C. D} and
bright field microscopy (B, D. F. Seale indicates 50im.

Fluorescent

1:10 mAb anti-RRV 1:10 Patient Serum

1:10 non-patient serum

P, FE-RECALhAIE LSS, BEME

50% BA LB TR Hh, WP 58%, SEhiE 33~

50% QBHETHLNDY, SHmRIEEE 1 EMBRE
T B,

ZWHCRETR~DEREYL, HA0RELHST
HIEMMBEE RS, WA TEREFALRBIE
4, IS T hRBMERO LA, Ribo e
A O %, CRPIZILH & o EHME 0w, MUY
ELT, ELISA L& BHifiENmiTchn 4 —
APFNTTIERNNTES, AREZBOTE—E0HK
EEETIEFEHRERTE 2wt SRR

&

i

K264 3 A201

Bright Field

TN AE—HE2RIEET A S LM TH A,
74 N AMESRERRE LaEREs, Forc
PCRTRNA #HiTE A2 b H40 IBEERES
e, PRS- HFHTINVA, FroraTyq
VA, Y FERA Aol Til 7 vy q
WA CTEFNIBTAHI LS HY, MIICIEEEANE
PN BRER G IsMELLE, 976%. 065% &
B BWICHMTH AY. 1gM IR0 A5y
BOT, [pMOMBEREOREERL T4, 3
lgGoATlfEREL BELHIIEHEEL R
HALNITTEORR L #2 5.
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BRI NSADD IS X ARERERTS . B8, Ak
PR T —YOLGEBREENREVEWIHELD
B, TrFridkl, BEHENTHICRERETH
5. .
RRV B0 BEELENESE LT, AL MY
ANWABDTA VARBERE RSB, /H—<F KT N
ABGE, Ty FoTRNBY OGNS, -k
TANVABREEORERF A PSS THALOAT,
TOERIZRRY BRELIZRERETH LY, B
1 30% REE L v, ZBFHRLERDS 2000 A
SBebil ZETOHREL V. —FFrrr=
TERRTYT, T7UATHFTLTEY, BARKBn
TEHAFEREZTE N TWEV, 2006 £l 5
OEAEFFESE S h, 2011 £ R o mig
B ECHESh LT NERRE 2 o -,

20134F 8 B ¥ CEMTIX 39 HOEASHES T -

37, EREBRRVEBEE: BT SUBHE0E
RAGRL, BEEERERRZEL LT ) BRI
BHFEBTHS. KL, FI YT TRIEE—R
FIU T TOREEREFERTHIABER LY, =
NEDT A VIR PCR, MAREIC L - TERMT
BTHY, SEACBNTIE, N—EHYL LA
HomEREcEETHY, Frrr=TiiRER
AT o 22 EIC B W T, IgM B2 ELISA 148 P/N ra-
tio=133 QOMEXEM) LBETHY, LdiomE
RIZFEShis
$Eﬂ#ﬁ%f%%%&ﬁﬁ%§btﬁmaLf.
E—ICRRV EEEOTHTIZF—A NSV TS, &
BRASHRLT, 2011 Yy MY T TR S - 7-
YO0, BEZBEROLRVWRETEEIRAL-
CEk, BLLERFBEEOLTRECESNELN
RVIERERTh ol EXBIFbhL, LALES
BERICHMEISEC TS ARAREETH D,
F-APIVTEREOD 2HEHBECEER
RRV B SHICE (LB S 5,
CNETHRTHEELZRRV BEOHS .
REORAMEMEVWC L, EEOFs vy oy R
i D BREE LOBRNEER TRV, BET
TERMREAROATWAI LR EAERESLS. L
L, BA—A L7 7 TORTRREEETEER F
SRR T RAER S Y v ¥ — 2005 £%470 In-

fectious Agents Suveillance ‘Report (IASR) T4

S, FREEFHARETOR— A —UTY,
2011 F1 AL EHAEICHIY, F—RP5YTFT
@ RRV FeeE O AT S 5 :I'L.JB B E, DETA
SEAEFOBRTCOREEIBESATWEY, F4

YV, YYHFE-NEETRECEREICBITERRY

BN ESRTHE Y, AP b F— A kT
TDEREOSSFELHL, SHRIETORIE
FloRAEmT 2D LBbh A,

SGEA—Z M7 7 CREL: RRY Bt D)

BT AR, EREBEERL, F-X b3 07
OEMBEFHIUILRRY BRYPEELENLLTEL B~
ETha.
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The First Case Report of Ross River Virus Disease in a Japanese Patient who Returned from Australia

Kentaro TOCHITANIY, Tsunehiro SHIMIZU”, Koh SHINOHARA", Yasuhiro TSUCHIDOY,
Meng Ling MOI? & Tomohiko TAKASAK?
"Department of Infectious Diseases, Kyoto City Hospital,
“Department of Virology 1, Natiortal Institute of Infectious Diseases

A 3l-year-old Japanese fernale had stayed in Australia from January to May 2013. She presented with a
sudden onset of left ankle and right knee arthralgia in March but neither fever nor rash was present. As
ker arthralgia persisted, she visited our hospital upen her return to Jzpan in May. When she came to our
. hospital, she complained of left ankle and right knee pain, but no arthritis findings, Laboratory findings were

also within normal ranges. Ross River virus (RRV) antibody levels were examired as she was suspected of
having contracted the disease in Austratia, RRV 1gG antibody and IgM antibedy were positive, and the Da-
tient was confirmed as a case of acute RRV disease. RRV disease is endemic in Australia, but there are no
prior reports of the disease in Japan, This is the first case of RRV disease confirmed in Japan. Typical SYmp-
toms of RRV disease include arthralgia, fever, and rash. Our patient had only arthralgia. With the increase
"in the number of travelers and lengih of stay in RRV endemic regions, health care providers need to con-

sider the 'disease in their differential diagnosis, among returning tra\{elers with arthralgia, fever, rash and a
travel history to RRV-endemic regions.

(J.J.A. Inf D. 88 : 155~159, 2014)
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and GIP[6] along with G2P[4] and
GIYP[8]. Our study results are similar
to those of recent studies conducted
in other African countries (5—8§) and
confirm results of studies that found
that the same genotypes circulated in
western Cameroon in 2003, albeit at
different percentages (4,%).

Cur study provides relevant data
about the genotypes of rotavirus-A
from children in the Central African
Republic, 25 years after the most re-
cent study (2). These data represent
baseline information that will help
with monitoring for potential changes
in genotype prevalence after the intro-
duction of rotavirus-A vaccine in the
Central African Republic.
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Genome Analysis
of Mayaro Virus
Imported to
Germany from
French Guiana

To the Editor: Mayaro virus
(MAYV), a mosquite-borne New
World alphavirus of the family To-
gaviridae, causes a febrile arthralgia
syndrome resembling dengue and
chikungunya fever. The virus is main-
tained in a natural cycle involving
nonhuman primates and Haemagogus
spp. mosquitoes in tropical rainforest
areas of South America (I}. After ¢
incubation time of 7-12 days follow-
ing an infectious mosquito bite, rash,
fever, headache, and arthralgia devel-
op in patients, followed by restoration
to their original conditions after sev-
eral weeks (I).

Qutbreaks of Mayaro fever have
been reported from the Amazon region
(1,2). There are increasing reports of
travel-related infections imported from
South America to Europe and the Unit-
ed States (3—7). We describe an acute
MAYYV infection in a German traveler
who returned from French Guiana,
Full-length MAYV genome amplifica-
tion was performed on virus obtained
from a serum sample of the patient.

In Auvgust 2013, a 44-year-old
woman (bookkeeper) came to an ou
patient clinic with fever (temperature
<£38.7°C), chills, a mild headache,
severe fatigue, highly painful swell-
ing of small finger joints, and pain in
bath feet. Symptoms appeared 2 days
before when she experienced aches in
her wrists and left forefoot. Four days
before, the patient had returned from
a 2.5-week visit to French Guiana,
where she traveled with her partner and
caught butterflies. She had conducted
these activities during her holidays for
the past 5 years, mostly in spring or
autuinn. In July 2013 at the end of the
rainy season, she had many mosquito
bites, especially on her hands, despite
use of repellents and bed nets.
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Physical examination showed a
body temperature of 38°C, throat en-
anthema, generalized macular exan-
thema, and slightly swollen and tender
interphalangeal joints of the hands

and feet. Her medical history was un- -

remarkable, and her partner was as-
ymptomatic. Laboratory tests showed
reference values for hemoglobin con-
centration; platelet count; and levels
of liver enzymes, creatinine, and anti-
nuclear and anti~citrulline peptide an-
tibodies. C-reactive protein level was
increased (24.2 mg/L; reference value
<5 mg/L), and serum lactate dehydro-
genase level was slightly increased
(4.4 pkat/L; reference value <4.12
pkat/L). Leukopenia (2.4 G/L; refer-
ence value 4.0-10.0 G/L) was present,
which intensified the next day (2.0
g/L). The leukocyte count returned to
a reference value 8§ days after disease
onset and the patient fully recovered.

Malaria, dengue fever, and rickett-
siosis were excluded by using several
tests. Blood cultures obtained on day
2 after disease onset remained sterile,
and a viral infection was suspected.
Follow-up investigation on day 16 of
illness showed an increased IgG titer
(80) against chikungunya virus (by
indirect immunofluorescence assay;
teference value <1:20) (6) but no IgM
titer. Additional tests for alphaviruses
were then performed on the same sam-
ple, and indirect immunofluorescence
assay showed an IgM ftiter of 2,560
and an IgG titer of 10,240 (reference
value <20) (6) against MAY'V. Results
of serologic tests were negative for
Venezuelan equine encephalitis virus,
Eastern equine encephalitis virus, and
Oropouche virus. IgM (80) and IgG
(160) titers for antibodies against Ross
River virus were low.

An acute MAYV infection was
strongly suspected and a stored se-
rum sample from day 2 underwent
generic reverse transcription PCR
(RT-PCR) for alphaviruses with prim-
ers VIR2052F (5-TGGCGCTAT-
GATGAAATCTGGAATGTT-3)
and VIR2052R (5-TACGATGTT-
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GTCGTCGCCGATGAA-3") (8) and
quantitative MAY'V real-time RT-PCR
(in-house) with primers MayaroF
(5'-CCTTCACACAGATCAGAC-3",
MayaroR (5'-GCCTGGAAGTA-
CAAAGAA-3"), probe labeled with 6-
carboxyfluorescein (FAM) and black
hole quencher 1 (BHQ-1) MayaroP
(5'-FAM-CATAGACATCCT-
GATAGACTGCCACC-BHQ1 3% by

‘using the AgPath-ID One-Step RT-PCR

Kit (Life Technologies, Carlsbad, CA,
USA) according to the manufacturer’s
instructions. The generic RT-PCR for
alphaviruses showed a positive result,
and direct sequencing of the amplicon
showed a MAYV-gpecific sequence.
The serum sample had an MAY'V viral
load of 1.24 x 107 copies/mL when in
vitro—franscribed RNA from a refer-
ence plasmid was nsed as a quantifica-
tion standard,

Attempts to isolate MAYV in cell
culture were not successful, There-
fore, the serum sample was used
to obtain the complete MAYV ge-
nome sequence by using primers de-
signed from multiple alignments of
the MAYV genomes obtained from
databases. (Primer sequences used
are available on request.} The com-
plete MAYV genome (strain BNI-
1, KJ013266) was amplified from
the serum sample, and phylogenetic
analysis of a 2-kb genomic fragment
showed that strain BNI-1 belonged
to genotype D (9) and is closely re-
lated to strains circulating in Brazil
(Figure, http://wwwne.cde.gov/EID/
article/20/7/14-0043-F1.htm).

In 2 dlinic-based syndromic sur-
veillance studies in South America,
0.8%—3% of febrile episodes were
caused by MAY'V infection (2,10). In
travelers, MAY'V infections were ac-

quired in tropical rainforest or wildlife-

conservation areas (7) and were some-
times associated with insect-hunting
activities (J). Successful complete ge-

nome amplification of MAYV sfrain -
BNI-1 from a clinical sample might "

help identify regions in the MAYV
genome that undergo rapid mutations

caused by the isolation process in cell
culture and improve phylogenetic and
functional genome analysis, More-
over, the viral load in our patient was
high enough for efficient transmission
of MAYV to a susceptible mosquito
vector (S. Becker, pers. comm.). Thus,
in disease-endemic regions, patients
with an acute MAY'V infection should
be protected from mosquito bites dur-
ing the first week of disease to prevent
spread of the virus,
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Diphtheria-like
Disease Caused
by Toxigenic
Corynebacterium
ulcerans Strain

To the Editor: Toxigenic Coryne-
bacterium ulcerans is an increasingly
reported cause of diphtheria in the
United Kingdom and is often associ-
ated with a zoonotic origin (/,2). Here,
we report a case of diphtheria caused by
toxigenic C. ulcerans in a woman, 51
years of age, from Scotland, UK, who
was admitted to a hospital in August
2013 with a swollen, sore throat and a
gray-white membrane over the pharyn-
geal surface. The patient had returned
from a 2-week family holiday in the
state of Florida, United States, before
the admission and aiso reported recent
treatment of a pet dog for pharyngitis.
The patient was believed to have been
vaccinated against diphtheria during
childhood. She was immediately ad-
mitted to an isolation ward and treated
with a combination of clindamycin,
penicillin, and metronidazole.

Microscopic examination of the
throat biofilm (collected by using a
swab) showed gram-positive bacilli;
swab samples from the exudative mem-
brane and throat produced small, black
colonies indicative of Corynebacterium
spp. on Hoyle medium. Further efforts
to identify the strain by using VITEK
MS and VITEK2 ANC card systems
(bioMérieux, Marcy I’Etoile, France)
to evaluate the swab samples suggested
that the infection was caused by either

-C. ulcerans or C. pseudotuberculosis

(50% CI). The isolate detected from this
process was sent to the Streplococcus
and Diphtheria Reference Unit, Public
Health England, Colindale, UK, and
‘wag confirmed to be a toxigenic C. ul-
cerans strain that we designated RAHI.
Throat swab samples were collected
from family members of the patient
and were negative for C. ulcerans. The
family dog was not tested for presence
of the organism, although it is known

LETTERS

that C. ulcerans infections are often of
a zoonotic nature (/,2). After treatment,
the patient made a full recovery.
Toxigenic C. uicerans can pro-
duce both diphtheria-like and Shiga-
like toxins (3); to identify the genetic
basis of toxin production and other po-
tential virulence factors in this strain,
a whole genome sequencing approach
was applied to the isolate. The genome
was sequenced by using an Ion PGM
System (Thermo Fischer Scientific,
Loughborough, Leicestershire, UK)
and resulting reads (2,965,044 reads,
~90x coverage. Data are available on
GenBank SRA: high-throughput DNA
and RNA sequence read archive (http(r "
www.ncbi.nlm.nih.gov/Traces/sra/st...
cgi?view=search_obj, accession no.:
SRR1145126) and were mapped onto
the published genome sequences of
a Shiga-like toxin—producing clini-
cal isolate 809, asymptomatic canine
strain BR-AD22 (3), and diphtheria-
like toxin—producing strain 0102 (4).
Most of the previously identified viru-
lence genes (3,4) were present in the
patient isolate (Table). The fox gene,
encoding diphtheria toxin, was pres-
ent, which verified the diphtheria-like
disease in the patient. The rbp gene,
responsible for Shiga toxin-like ri-
bosome-binding protein, was absent,
However, strain RAH]1 also possessed
the venom serine protease gene (vsp2),
which, in C. ulcerans strain 809, b
been implicated in the increased viru-
lence in humans. The fox gene was
present in a prophage that showed
similarities to ®CULCR09I (3) and
OCULCO0102-I (4). Genome-based
phylogenetic analysis of the RAH!
strain (ClonalFrame analysis [J]) and
strains 809, BR-AD22, and 0102 indi-
cates a much wider phylogenetic diver-
sity of C. ulcerans strains than previ-
ously appreciated (data not shown).
This caseraises the issue of waning
vaccine protection in older patients and
suggests that toxin-mediated coryne-
bactertal disease remains a threat to pub-
lic health. The declining costs of next-
generation sequencing and availability
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In May 2014, six patients presented in Germany with
a Sarcocystis-associated febrile myesitis syndrome
after returning from Tioman Island, Malaysia. During
two earlier waves of infections, in 2011 and 2012,
about 100 travellers returning to various European
countries from the island were affected. While the
first two waves were associated with travel to Tioman
Island mostly during the summer months, this current
series of infections is associated with travel in early
spring, possibly indicating an upcoming new epidemic.

Here we report the clinical and laboratory findings

of a new, third wave of Sarcocystis-associated febrile
myositis syndrome in travellers returning to Germany
from Tioman Island, Malaysia, in spring 2014.

Case series _

Six previously healthy German patients, aged 15-44
years were seen in early May 2014 in travel clinics in
Tithingen, Saarbrilcken and Munich, with a febrile
myositis syndrome after travel. The patients (hree
female, three male) complained of current or very
recent episodes of fever of up to 40 °C, headache and
myalgia. All had returned at the end of March to the

end of April from Tioman Island, Malaysia. Laboratory

investigations revealed eosinophilia in all but one and
elevated muscle enzyme levels in half of the patients
(Table). There were no clinically relevant electrocardio-
gram abnormalities but mild splenomegaly was seen
in some. Serclogical tests for trichinetlosis, toxoplas-
mosis and dengue virus infection were negative in all
patients. Tests for chikungunya virus antibodies were
not carried out for one patient, but negative in all oth-
ers. All patients had stayed in the north-west of Tioman
istand and developed symptoms t-18 days (mean: 10)
after leaving the island, Their travel history, including
locality of lodging on the island, estimated incubation
time {a few days to three weeks), clinical picture and
laboratory results were consistent with the Sarcocystis-
associated febrile myositis syndrome seen in travellers

www.eurosurveiliance.org
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returning to various European countries from Tioman
Island in 2011 and 2012 [1-4). No such series of infec-
tions were seen in 2013.

Patients 1-3

Inthree patients who sought medical attentlon 1-6 days
after first onset of fever, headache and slight myalgia
(i.e. in the early, rather non-specific phase of clinical
disease) and who had no elevated creatine kinase {CK)
levels, therapy with trimethoprim/sulfamethoxazole
{cotrimoxazole) (2 x g60 mg/day) [4] was started within .
a few days. All three improved clinically but developed
higher easinophilia after 7-20 days, yet there was no
elevation of CK level, '

Patients 4-5

A couple presented in a later phase of the disease. One
patient was currently asymptomatic with moderate CK
elevation 23 days after a previous short-lived febrile
episode. The other had fever and severe myalgia plus
high eosinophilia and CX elevation 28 days after onset
of a short-lived episode with high fever, headaches and
night sweats. Both showed a further increase of eosin-
ophil counts (maximum count of 500/pt and 5,260/

-pl, respectively) after the start of cotrimoxazole treat-

ment. The previously symptom-free patient developed
moderate myalgia together with increasing CK levels
thereafter; the other had to be started on high-dose
steroids four days 'later (prednisolone starting dose
100 mg/day) because of intensifying severe myalgia.

Patient 6 \

The patient with the lengest interval (43 days) since
onset of first symptoms (fever, headache, myalgia)
was treated with steroids (prednisolone starting dose
4o mg/day).

Administration of steroids resulted in rapid clini-
cal improvement in both patients (Patients 5 and 6),
similar to observations during the first two waves of



TABLE

Characteristics of patients returning from Tioman Island, Malaysia, with Sarcocystis-associated febrile myositis syndrome,

May 2014 (n=6)

Characieristic

Patient number

Norm

Sex M F M F M F -

Days from departure from .

Tioman Island, Malaysia, until |9 12 7 18 13 1 -

symptom onset .

Myatgia (yes/no} yes yes yes yes yes yes -

Maximum pain (score o=none :

to to=maximum) 2 4 & 6 93 § -

Arthralgia (yes/ne) yes ] yes yes no no yes -

Headache (yes/na} yes yes yes yes yes yes -

Neck pain (ves/no) no yes yes no yes yes -

Bady temperature (°C) No data 38 38 38 40 {0 -

Laharatory tests e v ) ‘ oo S

. . <170 males;
Creatine kinase (U/L) 138 8o 133 159 . 207 450 <145 femates
. . . <25 ot (6% of

_{Creatine kinase MB fraction a1 15 " - 35 9 total creatine

(/L) - !

kinase {

Cardiac troponin (troponin i/ , .

froponin T, pg/L) 0.014 . 0.014 {0,014 Negative Negative Not done 0.4

Lactate dehydrogenase (U/L) |[326 342 383 201 324 307 240

Aspartate amino transferase ¢50 males;

oD 49 | 56 46 18 39 23 <35 fernales

Eosinophil count per pl 430 620 260 170 4,490 1,150 4350

Eosinophils (%) 9 8 4 8 i 12 <7

Spleen length (cm) 13.2 9.2 13.0 No data 12.1 12.5 €11

Cotrimoxazole®
Co- Co- Co- Co- .
Treatment . a . . " : . |plus Prednisolone | -
trimoxazole® |trimoxazole* |trimoxazole® |trimoxazole prednisolone
Days from symptom onset to . _
start of treatment 6 3 8 23 28 43

F: female; M: male.
2 Trimethoprim/saifamethoxazole,

Sarcocystis-associated febrile myositis syndrome in'
travellers returning from Tioman Island in zo11 and
2012 [3,4].

In the current cluster, no muscle biopsies were taken
and the presumptive diagnosis was based on the travel
history, symptoms and blood test results of tncreas-
ing eosinophil count and CK level and the exclusion of
other infectious causes,

Background

Sarcocystosis is a cosmopolitan zoonotic disease that

is caused by intracellular apicomplexan/coccidian -

parasites of the genus Sarcocystis, with more than 120
recognised species [5]. These protozoal parasites are
maintained in a two-host life cycle involving a carnivore
predator finai host and its ‘prey’ as intermediate host,
such as snake-rodent or human—cattle relationships,
for example. In’ the intermediate host, invasive muscu-
lar sarcocystosis develops after infective Sarcocystis

oocysts shed in faeces of an infected final host ar¢
ingested. Sporozoites are released from the oocysts,
which invade muscular tissue of the intermediate host
after several cycles of replication. In the myocytes,
tube- or sac-like sarcocysts are eventually formed,
which contain numerous single-celled bradyzoites.
When the intermediate host falls prey to a carnivore or
omnivore, the bradyzoites can complete their life cycle
sexually in the intestine of the final host. Humans are
final hosts for two Sarcocystis species, S. hominis and
5. suthominis, which cause non-invasive self-limiting
diarrhoeal symptoms [5]. However, humans can serve
as accidental intermediate hosts after incidental inges-
tion of food faecaily contaminated with cocysts for
a presumed number of several Sarcocystis species,
among them S. nesbitti, [6,7] and develop the inva-
sive muscular form, Invasive muscular sarcocystosis
causes fever and myalgia, but not diarrhoea, in con-
trast to the intestinal form.

www.eurosurveillance.org



Already in 1991, sarcocystosis was regarded as a possi-
ble emerging food-borne zoonosis in Malaysia, as high
human seroprevalence [8] and high positive autopsy
rates [9] were found. In 1993, the first cluster of patients
with symptomatic muscular sarcocystosis was seen in
United States service personnel in rural Malaysia [10].
In 2011 and 2012, in a two-wave outbreak, the larg-
est series of symptomatic muscular sarcocystosls in
humans worldwide was noted in travellers returning to
Europe from Tioman Island, Malaysia [1-3]. The course
of disease was typically biphasic, with a prodromal

- stage of one week characterised by fever, myalgia
and headache, followed by a two-week asymptomatic
period and later by a long-lasting feverish episode
with severe myalgia with eosinophilia and CK tevel
elevation [4]. An environmental survey for Sarcocystis
oocysts conducted in November 2011 on Tioman istand
could not detect the source of infection [11].

Definitive diagnosis is achieved after muscle biopsy
with histological demonstration of typical sarcocysts
or by motecular methods [3,6]. However, despite severe
myalgia, parasite density in the muscle is apparently
low and sarcocysts have thus been detected in a few
patients only [3,4,6,20]. |

Conclusions

This cluster of travellers with a febrile myositis syn-
drome returning from Tioman Island indicates the
beginning of a third wave of a presumably Sarcocystis-
associated invasive illness. In the first two waves, in
2011 and 2012, patients acquired the disease mainly in
the summer months (July to October) [1-4]. In contrast,
symptom onset in patients of this current new clus-
ter took place in spring, possibly indicating a larger
upcoming epidemic in returning travellers in the sum-
mer months of this year.

The source of the infection on the island has not heen
determined so far, but is obviously persisting or re-
emerging. The nearly simultaneous outbreak of inva-
sive sarcocystosis among Malaysian students and
teachers on a different Malaysian island, Pangkor {6],
is intriguing. The snake-associated 5. nesbitti [6,7,12]
was molecularly determined to be the causative agent
on Pangkor, The quest for the’ Sarcocystis species
involved, the source of infection and the animal reser-
voir on Tioman lsland is currently ongoing. it remains
to be determined whether environmental factors, such
- as climate change or increasing reptile populations
(i.e. possible final hosts) [13], play a role in this disease
(re-) emergence.

Physicians should be aware of this unusual re-emerg-
ing outhreak and pre-travel advice should be given
regarding individual prevention measures, such as
the consumption of cooked food, well-peeled fruit and
pre-packed or boiled/filtered water only. Treatment
with cotrimoxazole may be a therapeutic approach in
the early phase of disease to prevent muscle invasion,

www.eurosurveillance,org

whereas steroids seem effective to treat severe myal-
gia/myositis in the later phase.
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