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Methods: Using a Transmissible Spongiform Encephalopathy [TSE) sheep model, we
characterized the abilities of whole blood, RBC, plasma and buffy-coat prepared from
preclinical infected animals to transmit the discase thraugh the transfusion route. Blond
companents {rom infected sheep whole blood were prepared following the same pro-
cesses as those used In human transfusion medicine. We then measured the impact of a
standard LD fiiter and of two different LD/PR prototype filters on the disease transmission
rate eaused by RBC transfusion. Finally, in the whole blood titration experiment, 200- 20
—2 - 0.2 m! of infected whole bload were transfused to free recipient sheep.

Results: In this TSE sheep mndel, 0.2 ml of whale bland were sufficient o transmit the ’

disease by the fransfusion route. Whereas whole-blood, buffy-ceat and RBC transmitted
the disease with 8 100% efficiency, intra-venous administration of crude plasma resulted
in an inconsistent infection of the recipients, Only three out the five sheep that received
plasma developed the disease and one out five sheep after transfusion with LD-plasma,
None of the sheep (n = 15) transfused with LT} and LD/PR filtered RBCs developed clinical
discase. However-in two of these recipient sheep, post-mortem analysis revealed the
presence of ahnormal prian protein in lymphoid tissues andfor in central nervaous system,
Despite their high efficacy, LD and LD/PR filters did not provide absolute protection from
infection. Nevertheless, LD and LIYPR filtered RBCs prepared from 400 mlof blood were
shown to be less infectious than 0.2 m] of whole blaod.

Conclusions: Qur results suppert the view that leucadepletion is an efficient, whereas
not a 100% optimal, methed to reduce the TSE transmission risk by both RBCs and
plasma. It also suggests that Prien-reduction filters might not bring clear additional
bencficial effect.
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CORRELATION BETWEEN THE LEVELS QF WNV VIRAL LOAD,
MODULATION OF CYTOKINES/CHEMOKINES AND CLINICAL
DISEASE IN WNV+ BLOOD DONORS

Lanteri MC, Kaidarava Z, Heitman J, Keating S, Montalvo L, Lec TH, Noyris PJ, Busch
MP .

Blood Systems Research Institute, San Frantisce, CA, United States gf America

Background: West Nile virus {(WNV) infection is ofien asymptematic but 3 broad
range of symptams can develop, from flu-like symptoms to more serious and some-
times fztal ncurclogical disorders. Ongoing studics arc trying to understand the host-
virus dynamics that icad to the development of severe symptoms.

Ajms: The present study investigated the correlation between the levels of WNV viral
load (WNV-VL) and the levels of cytokines/chemokines in plasma and compared their
levels in subjects with different clinical disease outcome.

" Methods: We built a repositery of samples collected from 43 WNV-positive blood
donors at 10 time-points after WNWV-positive denation. Whale bloed and plasma
samples collected one, three, and 6 weeks post-donation were characterized for WNV-
VL by real-time RT-PCR. Plasma samples were characterized for $2 cytokines/
chemokines by mmitiplex assay. Sympidm data derived from two questionnaires
inquiring about the development of 12 symptoms over a 3 week period around initia)
donation allawed for classification of subjects reporting 24 symptoms as symptomatic
(n =~ 20} and the others as asymptomati¢ {n = 21). A generalized linear model with
1epeated measures (Proc genmod [GEE] SAS 9.2] was used to compare cytokine/
chemokine levels en the day of donation and at one, three, and 6 weeks post donation
between asymptomatic and symptomatic sub-groups. WNV-VL was correlated to levels
of ¢ytokinesfchemokines measured at one, three, and 6 weeks post-donation, P-values
were converted into FDR using the Multitest SAS procedure,

Results: ITn WNV+ subjects, TNF-ot and IP-10 levels positively carrelated with WNV-
VL in plasma [estimated difference in slopes, 0.02 and 0.07, respectively, P-values
<.01 and FDRs < 0.03}. A negative correlation was found between the levels of [FN-y,
11-1(, and L4 and the levels of VL in plasma (estimated difference in slopes, —0.05,
—0.05, and =0.06, respectively, Psvalues <0001, and FDRs < 0,01} and between the
levels of IL-1B and the levels of VL in whole' blond {estimated difference in slopes =
0,06, P-value <0.0001, and FDR = 0.001). Symptonatic subjeets had higher levels of
EGF, FGF-2, G-CSF, IL-17, MDC, TNF-t, and s[L-2Ret and lower levels of IL-6 than
asymptomatic subjects (GEE P-values <0.05 with FDRs < 0.1).
Summary/Conclusion: The data revealed distinct timing for the Induction of diffezent
cytokines/chemokines after WNV infection, While TNF-o and [P-18 are induced earlier
in the ramp-up phase of viremia, others including IFN-y, [L-1B, and IL-4 are induced
later as viral load <decreases, The correlation between these cytokines/chemokines and
WNV vira! load demanstrates the timing of the engagement of the immune response 10
control Lhe virus. Notahly, a higher degree of inllammation was observed in symp-
tomatic than fif asymptonatic subjects during the acute phase of WNV infection.

© 2012 The Author
Vox Sanguinis © 2012 International Society of Blood Transfusion
Vor Senguinis (2012) 103 {Suppl. 1), 1-271

JBPO 2013-006
p-367

SEROLOGIC AND MOLECULAR EVIDENCE OF A PLAUSIBLE

. TRANSMISSION OF HEPATITIS E VIRUS (HEV) THROUGH

POOLED PLASMA

Andonov A', Rock G%, Lin L, Borlang 35 Hooper J', Grudeski E', Wo §*

TPublic Health Ageucy of Canada, Nationa! Microbielogy Laboratary, Winnipeg, MB,
Canada *Canadian Apheresis Group, Ottawa, ON, Canada *Public Health Agency of

Canada, Centre for Communicable Diseases and Infection C, Ottawa, ON, Canada

Background: Hepatitis E vinus [HEV] transmission usually oceurs by fecal-oral and
foad-bome routes, however in recent years it is re-cmerging as a poteatial risk to bload
safety. There are six documented cases of transfusion-transmitted HEV: three in Japan
and ong cach in Saudi Arabia, United Kingdom and France. HEV RNA prevalence in
blood denors varies from 0,01% in Japan and United Kingdom to 1.5% in Pune, India.
HEV RNA is also found in plasma pools and may pose a risk to transfusion safety the
extent of which remains undefined. Solvent detergent processes, commonly used for
veduction of microorganisms, are not as effective for inactivation of non-enveloped
viruses such as HEV which s among the most heat and chemically resistant pathogens.,
Aim: To evaluate the potential of HEV transmission through plasma poals a retra-
spective investigation was conducted among patients with thrombotic thrambacyto-
penic purpura (TTP) treated with large volumes of pacled plasma.

Methads? The patients were enrclled in the study belween 2001 and 2003; they re-
ceived either solvent detergent treated plasma (SDP) or cryosupernatant plasma (CSP).
Each SDP pool was prepared from 2500 US donors, (VITEX, Watertawn, MA) znd CSP
ponls made from 150 Canadian donors. Three samples were collected from TTP patients
at time 0, 1 and 6 toonths post-treatment and kept frozen at —20°C. Sevologic and
molecular tracing of presumptive HEV infection was carried out by MP Diagnostics
HEV ELISA kit (former Genelabs, Singapore) and RealStar HEV RT-PCR kit (altona-
Diagnostics, Hamburg, Germany) and/or nested RT-PCR. Sequencing was performed on
an ABI 3730 saquencer using standard techniques.

Results: Thirty-cight TTP patients received plasma exchange treatment (20-401 of
plasma per patient); seventeen received SD-plasma, nineteen were treated with eryo-
supernatant plasma and two with fresh frozen plasina and Pentaspan or albumin. Nane
of the patients demonstrzted any tlinical signs of viral hepatitis during the 6-month
period of observation. All 28 patients had ne serological evidence for HEV infaction at
0 and § monih post-treatment. However four out of sevenieen patients treated with
SD-plasma scroconverted at 6 months for anti-HEV IgG and two of them were also
positive for anti-HEV IgM. At 6 months all four patients were negative for HEV RNA,
however the | month post-treatment sample from the two patients who seroconverted
both for anti-HEV IgG and IgM was positive for HEV RNA; onc by real-time PCR and
the second by nested RT-PCR; sequencing of the amplified product from the later
classified it within genatype 3 and based on a phylogenetic analysis using maximum
likelihood method for reconstructing tree topology its closest neighbour is an US swine
HEV isolate. None of the 19 patients treated with cryosupematant plasma showed any
serolngical evidence of HEV infcction,

Conclusion: The safety of plasma pools with respect to HEV transmission is considered
to he high at the moment, although it has not been investigated in a comptehensive
manner. This report provides for the first time indirect evidence of HEV transmission
by pooled plasma and wamrants further studics,
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AN EVIDENCE-BASED EVALUATION OF THE RISK POSED BY

ROSS RIVER VIRUS TO THE SAFETY OF THE AUSTRALIAN

BLOOD SUPFLY
Faddy H', Dunford M', Seed C%, Flower R*

Australion Red Cross Blood Service, Brisbane, Qid, Austratia *Donor and Product |
Safely Policy Unit, Australion Red Cross Blood Service, Perth, WA, Australia

Background: RossRiver Virus (RRV] is the most common mosquita-transmitted virus in
Australia. Increased rainfall is associated with higher infection rates; both of these were
reparted in regions of Australia between January and March, 201 1. RRV is ablood-borne
virus and asymplomati¢ infections are comrnon, suggesting that translusion-transmis-
sion of RRV is theoretically possible, aithough not yet recorded. The Australian Red Cross
Blood Service (Blood Service) manages the potential risk of RRV transfusion-transmis-
sion hy: restricting donations from donors diagnosed with RRV for 2 weeks following
symptom recovery; an additional 12 month restriction to plasma for fractionatinn only
following symiptom recovery; and also bload component guarantine or recall for donors
reporting any illness within 7 days of donation. Previous Blaod Scrvice risk modelling
estimated the theoretical risk of RRV transfusian-transmission by blood based on notified
clinical cases in therange of 1 in 4700 to ! in 47,000. No recentstudies haveutilized direct

testing of blood deonots to determine the infection incidence in this population to assess °
- the theoretical risk to the Australian Blood Supply.
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Human Bocavirus Infections
Ville Peltola, MD, PRD,* Maria Séderlund-Venermo, PhD, T and Tuomas Jariti, MD, Pl;D*

n 2003, a previously unknown DNA virus
was identified in nasopharyngeal specimens

from children with respiratory {ract infec-

tion.! Researchers used random polymerase
chain reaction (PCR) amplification and high-
throughput sequencing methads specifically
developed for detection of unknown viral
sequences. Analysis. of the recoversd gene
sequences showed resemblance to bovine
and canine minute parvoviruses, and the
viras was named human bocavirus (HBoV).
Tater, 3 other HBoV were identified in stool
and named HBoV 2, 3 and 4.22 Disease asso-
ciations of HBoV are not entirely clear, but
recent studies provide evidence that HBoV1
causes pneumonia and other respiratory tract
diseases, in particular during primary infec-
tions.*

VIRUS STRUCTURE AND
BIOLOGICAL PROPERTIES

HBoV is a small DNA virus with a
nonenveloped icosahedral capsid similar to
other Parvoviridae.® The 5kb linear and sin-
gle-stranded genome is organized in 3 open
reading frames that encode 2 forms of the
nonstructural protein NS1, a nuclear phospho-
protein NP1, and 2 structural capsid proteins,
VP1 and VP25 HEoYV types 2—4 have similar
genomic organizations zs HBoV1 and 10%—
-30% sequence dissimilarities,?

Replication mechanisms of HBoV
and the pathogenesis of FIBoV infections are
poorly characterized. This is largely because
no animal model is available and tissue cul-
ture of HBoV is difficult, although it has been
cultured in primary respiratory epithelial
cells.” The primary replication site of HBoV1
appears to be the respiratory tract, where it
has been detected most frequently and in
highest copy numbers. HBoV1 ¢an be found
also in sernm, pointing to a systemic spread.®?
Viral copy numbers of HBoV]1 in stool are
low. On the contrary, HBoV types 2—4 have
been detected predominantly in stool, but the
host cell types are not known >
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HBoV1 has been detected for up to &
months in serial nasopharyngeal samples,!-?
Prolonged replication or passive persistence
may account for the frequent presence of
HBoV1 in asymptomatic. children. HBoV1
often i{s present in samples together with
another respiratory virus, which might sug-
gest reactivation of a latent virus by a super-
infection. However, there is no documented
evidence of establishment of a persistent,
latent state by the HBoV.

EPIDEMIOLOGY

Globally the prevalence of HBoV1
DNA in young children with respiratory tract
infections is around 10%, in some studies
up to 33%.* It occurs year-round, but most
commonly in the winter. HBoV1 'is more
frequently detected in young children (<2
years of age) than in older children or adults,
Limited knowledge of transmission, persis-
tence, establishment of latency, reinfections
and reactivations cause uncertainties regard-
ing the epidemiology of HBoVI. Of the
enteric bocavirus types, HHBoV?2 is the most
prevalent with detection rates of up to 26%
in stool samples from children, and 4% from
aduits>® DNA of HBoV3 and HBoV4 has
been detected in <5% of stool samples.

Seroepidemiologic studies have docu-
mented that most children have IgG antibod-
ies against HBoV1 by school age. Dif-
ferentiation between seroresponses against
HBoV types 1 to 4 iz, however, difficult

- because of cross-reactivity.’s

CLINICAL MANIFESTATIONS

Many studies have reported an asso-
ciation between a respiratory tract infection
and HBoV1 detected by PCR in the naso-
pharynx. Clinical manifestations have ranged
from mild upper respiratory tract infections
to severe pneumonia. However, because of
ingufficient diagnostic methods, selected
patient populations and lack of control
groups, the majority of studies are of limited
value. The pathogenic role of HBoV1 has
been challenged by documeniation of other
virnses in the same samples (up to 90%) and
detection of bocavirus also in asymptomatic
individuals (up to 44%).} Tn a study of chil-
dren in day-care centers, 33% of those with
respiratory symptoms and 44% of those
without symptoms were positive for HBoV1
DNA.Y Furthermore, 70% of the HBoV1
DNA positive children with symptoms were
positive also for another respiratory virus,
mest commonly human rhinovirus. The mere
presence of HBoV1 DNA in the nasopharynx

is, therefore, not a sufficient evidence of an
acute HBoV1 infection and cannot be used
for estimating the clinical impact of this
virus. Recently, more solid data for the case
that HBoV1 can cause diseast have been pro-
vided by wse of PCR in serum and by serol-
ogy. In a study of wheezing children, 45 of
49 (92%) with HBoV1 DNA in serum had
a serologic diagnosis as defined by posi-
tive IgM, IgG seroconversion or an >4-fold
increase in TgG, whereas 2 of 15 children
(13%) with HBoV1 DNA only, in their naso-
pharyngeal samples had serologically con-
firmed diagnoses. '

Studies using guantitative PCR and
serology associate bocavirus with wheezing
illnesses and pneumonia, Only & few studies
have used serum bocavirus PCR in a study
setting with comparison groups without res-
piratory tract infection. In one such study,
detection of HBoV1 DNA in serum was asso-
ciated with lower respirafory tract illnesses
and pneumonia.’A serological follow-up
study of 109 children from infancy to early
adolescence compared the clinical events
during the sampling intervals when sero-
conversion occurred with the next and prior
intervals, and found an association between
primary HBoV1 infection and respiratory
tract illnesses including acute otitis media.™
Type 2 bocavirus has been detected in stool in
3%-~25% of children with gastroenteritis, but
often with another enteric virus > HBoV2
has been found also in stool of healthy indi-
viduals, and any association with gastroen-
teritis is weak. Taken together, there is sub-
stantial amount of data linking HBoV1 with
upper and lower respirvatory tract infections,
some data linking HBoV2 with gastroen-
teritis and very few data linking HBoV3 or
HBoV4 with any clinical illness, Studies with
robust diagnostic methods in controlled pop-
ulations would be needed to increase knowl-
edge of the clinical impact of hocavirus in
children and adults.

DIAGNOSIS

HBoV! infections cannot be clinically
differentiated from other viral respiratory
infections. Bocavirus 1solation in tissue cul-
ture is not available for diagnostic nse. HBoV
can be readily detected by PCR targeting NS,
NP or VP genes, and it is included in several
commercially available multiplex respiratory
virus PCR panels. Type-specific primeérs or
nonspecific piimers followed by sequencing
of the PCR product can be used for the differ-
entiation between HBoV types. Quantitative
PCR may be useful for judging the clinical
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significance of bocavirus DNA detection,

as higher viral loads correlate with acute
infections, fewer coinfections and increased
disease severity.®'%? Serological methods
have been developed to detect bocavirus
specific Igh and IgG antibodies by utiliz-
ing recombinant capsid antigens or viral-like
particles.!>#6122021 Past-immunity antibodies

- toward HBoV2 to 4 cross-react with HBoV1.

To reliably detect seroresponses to HBoV1,
this should be corrected by depletion of
HBoV2-4 reactive antibodies.’s .

Acute HBoV1 infection is most zeli-
ably diagnosed by detection of DNA in serum
by PCR and in respiratory tract samples by

. quantitative PCR, simultaneously with detec- .

tion of IgM or a diagnostic [gG response in
paired serum samples.' The value of a mere
positive PCR result in nasopharyngeal sam-
ple is questionable, but very high viral copy
numbers (-10* HBoV1 genomes/mL of naso-
pharyngeal aspirate) may indicate cucrent ill-
ness.? HBoV2-4 viruses can be detected by
PCR in stoot and by serology, but correlation

of virus detection with illness has not been
established.

TREATMENT AND PREVENTION

No specific antiviral treatment or
prevention by immuonization has been
reported. Currently, treatment is supportive
and directed by the clinical maniféstations.
Standard precantions should be applied to
limit the transmission of HBoV1 by respira-
tory secretions,

CONCLUSIONS
HBoV1 is, according to currently

available information, an important causative ©

© 2013 Lippincott Williams & Wilkins

agent of respiratory tract infections in young
children. However, the disease burden caused
by HBoV1 is not kmown yet. Diagnosis of
HBoV1 infections needs critical approach
and desirably combination of PCR and sero-
logical methods,
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WHO RISK ASSESSMENT
'Human infections with avian influenza A(H7N9) virus
7 June 2013

Summary

Cases of H7N9 so far :

A total of 132 [aboratory-confirmed cases of human infection with avian influenza A{H7N9} virus have
been reported to WHO; 131 cases by China National Health and Family Planning Commission and one
case by the Taipei Centers for Disease Control (Taipei CDC). Although cases have been reported in both
men and women, and across a wide age range, most cases have octurred in middle-aged or older men.
Thirty-seven people have died, and most of the other cases were considered severe. Cases in China have _
been reported from Anhui, Fujian, Henan, Hunan, Jiangsu, liangxi, Shandong and Zhejiang, and the
munltnpalitles of Beijing and Shanghal In addition, the case reported by Taipei CDC had a history of
recent travel from Jiangsu, Chma

- Comparison with other avian influenza viruses
This is the first time that human ihfection with the avian influenza A{H7N9) subtype has been detected.
The few A{H7) human infections that have occurred have generally resulted in mild illness and
conjunctivitis, with the exception of ane death.

In outbreaks of H5N1, severely infected poultry were a warning signal for human infection. Previous
sporadic cases of human infection with other influenza A[H7) viruses have also been associated with
outbreaks of infection in poultry. However, since this H7N9 virus has not been reported to cause severe
disease in poultry, and therefore the birds do not visibly seem to be infected, H7N9 infected birds will
not likely provide a useful warning signal, and it may be difficult to determine when a person has been in
contact with H7N9 infected poultry

Source.of human infection

Human infection appears to be related to exposure to live pouttry or contammated environments.
However, much-remains unknown about this virus, including the animal reservair(s) in which it is
circylating, the main exposures and routes of transmission, and the scope of the spread of this virus
among people and animals. Investigations are ongoing.

'So far, however, human infection appears to be related to exposure to live poultry or contaminated
environments for the following reasons, '

'« Thevirus in humans is genetically similar to that found in birds and the environment, mostly
from animal markets which sell poultry. :

c
-
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« Most human cases {(approximately three out of four patlents) report a history of exposure to
hirds, mostly chickens.

e The virus has been detected in poultry in live animal markets which sell poultry

» The number of new case reports of the disease has decreased after the implementation of
public health measures, which included closure of live poultry markets and increasing public
awareness,

The exnstence of other virus reservoirs, such as domestic or wild bird and mammalian spemes has not
yet been determined.

Evidence regarding human-to-human transmission
Although four small human clusters have been reported, evidence does not support sustained human-
to-human transmission.

-« Monitoring and testing of contacts (>2000 people) of conf‘ rmed cases has detected few
infections.
s Testing of more than 20,000 peop!e with lnﬂuenza like lliness(ILI) in March and Aprll has
confirmed only six infections with H7N9. An additional case of influenza-like illness was seen in
May. This suggests that milder cases of H7N9 infection are not occurring in large numbers,

Virus characteristics
Genetic and laboratory analysis of H7N9 viruses isolated from humans indicates that:

+ The virus contains genes of multiple avian origin.

. Genetic.'arialysis indicates that this H7N9 virus may have greater ability to infect mémmals,
including humans, than other avian influenza viruses. In addition, in laboratory testing, ferrets
became infected, shed the virus, and transmitted it by direct contact.

* Sequence variations among the genes of the isolates suggest that the H7N9 virus has been
introduced from animals into humans more than once.

. These viruses are in general expected to be sensitive to the neuramlnldase Inhibitors oseltamivir
and zanamivir, but resistant to the antiviral drugs amantadine and rimantadine. Testing of one
H7N89 strain (A/Shanghai/1/2013) in the neuraminidase inhibition assay ylelded discrepant
results. A small study has shown that the virus can develop resistance during treatment.

* Theisolates have a haemagglutinin structure that is associated with low pathogenicity in blrds
This has been confirmed inlaboratory studies.




Risk assessment

This 7 June 2013 risk assessment has been prepared in accordance with WHO's published
recommendations for rapid risk assessment of acute public health events and will be updated as more
information becomes available. The risk has not changed since the previous assessment published on 10
May.

~ What is the risk that more human cases will occur in the affected areas?

The understanding of the epidemiology of the virus and this outbreak , including the main reservoirs of
infection and the extent of geographic spread among animals, remains limited. However, it is likely that
most human H7NS infections have been associated with contacts with live animal markets thatsell
poultry. Further sporadic human cases should be expected in affected and possibly neighboring areas.

Other avian influenza viruses such as H5N1 have demonstrated a seasonal pattern in which animal
outbreaks and human cases have been [ess frequent in summer months and more frequent in winter
months in temperate zones. The number of newly reported cases has decreased over the past few
weeks, but it remains to be seen whether H7N9 infections will follow the same seasonal pattern. Most
human cases have resulted in clinically severe illness. -

What is the risk of human-to-ﬁuman transmission?

Evidence does not support sustained human-to-human transmission. However, four small clusters
suggest that limited human-to-human transmission may occur where there is close contact between
cases and non-infected peaple, as occurs in families and in healthcare settings. Moreover, the genetic
changes seen among these viruses suggest that adaptation to mammals is of concern, and further
adaptation may occur. Should sustained human-to-human transmission occur with an increased number
of clinically severé cases, health systems are likely to be strained. WHO is providing coordination and
guidance regarding provisional vaccine candidates; there are currently no recommendatlons on the
large-scale manufacture of H7N9 vaccine.

What is the risk of international spread of H7N9 by travelers?

There is no indication that international spread has occurred, although when infected people from
affected areas travel, their infection may be detected in another country. However, as the virus does not
appear to cause sustained _human-to-hurhan transmission, extensive community spread is unlikely. If
transmissibility were to increase, then the possibility of spread would likewise increase.

Does WHO recommend any travel and trade precautions related to H7N9?
WHO does not advise special screening at points of entry with regard to this event, nor does it currently
recommend any travel or trade restrictions.

What should countries do?
WHO advises countries to continue surveillance, reporting as apphcable under the [HR {2005) and other
preparedness actions. Current technical information as well as guidance related to avian influenza



A(H7NS) can be found at the WHO
web5|te, httD [fwww.who.int/influenza/human anlmal interface/influenza_h7n9/en/.

Resources

Liu D, Origin and diversity of novel avian inﬂuenia A H7NS viruses causing human infection: phylogenetic,
structural, and coalescent analyses. Lancet, 2013, 381:1926—

1932, http://www.thelancet. comglournalsZIancet(artlcle[PI150140 6736(13)60938-1/fulltext

Li Q Prellmlnary Report: Epidemiology of the Avian Influenza A (H7N9) Outbreak in China. New Eng!and
Journal of Medicine, 2013, DOl A
10.1056/NEJMoal304617. http://www.neim.org/doi/full /10.1056 NEJMoa130461Z#t=article

Chen Y. Human infections with the emerging avian influenza A H7N9 virus from wet market poultry:
* clinical analysis and characterisation of viral genome. Lancet, 2013, 381: 1916~

1925, http://www.thelancet. com{|ournals[lancet[artlcle[PIISOl40 6736(13!60903 4[ful]tex

XucC. Momtormg Avian Influenza A(H7N9) Virus through Natlonal Influenza-like lliness Surven[lance
-China. Emerging Infectious Diseases, 2013, 19, DOI:
10.3201/eid1908.13066. http://wwwnc. cdc gov/eld/artlc[e/19/8/13 0662 article.htm

. Gao HN. Clmlcal Findings in 111 Cases of Influenza A (H7N9) Virus Infectlon New England Journal of
Medicine, 2013, DOI: 10. 1056/NE1M031305584
http /lwww.nejm.org/doi/full/10. 1056/NEJMOa1305584

Liu Q. Genomic signature and proteln sequence analysis of a novel influenza A (H7N9) virus that causes
an outbreak in humans in China. Microbes and Infection, 2013, DOI:

10 1016/}.micinf.2013.04.004. http://www. ncb1 nlm n|h gov/pubmed/23628410

Zhu H. Infectivity, Transmission, and Pathology of Human H7NS Influenzai in Ferrets and Plgs Science,

2013,
DOI: 10. 1126/suence 1235844. htip: [hwww, scmncemag org[content[early[2013[05[22[saence 123584
4.long

* Hu Y. Association between adverse clinical outcome in human disease caused by novel influenza A H7NS
virus and sustained viral sheddlng and emergence ofantw:ral resistance. The Lancet, 2013, DOI:
10. 1016/50140-6736(13)61125-

3. hitp: {[download thelancet. com[ﬂatcontentassets[gdfs[50140673613611253 pdf

WHO. Rapid Risk Assessment of Acute Public Health Events. World Health Organizafion, 2012 ‘
(WHO/HSE/GAR/ARO/2012.1). http://www.who.int/cst/resources/publications/HSE GAR ARQ 2012 1
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Additional Information

Maost recent disease outbreak news can be found at: httg"':[[www.who.int[csr[don{enlindex.html
Frequently Asked Questions and other information on human infections with avian influenza A{H7N9)
are available at: http://www.who.int/influenza/human_anima!_interface/influenza h7n9/en/index.html

Public health relevant virological features of influenza A(H7N9) causing human infection in .

China: http://www.euro.wha.int/en/what-we-do/health-topics/communicable- ‘
diseases/influenza/publications/2013/public-health-relevant-virotogical-features-of-influenza-ah7n9-
causing-human-infection-in-china '
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WHO | Human infection with influenza A(H7N9) virus in China JRC2013T-012

GAGRN, World Health
W& Organization

Global Alert and Response (GAR)

Human infection with influenza A(H7N9) virus

Share Print
in China
1 APRIL 2013 - On 31 March 2313, the China Health and Family Planning Related links
Commission notified the World Health Organization (WHOQ) of three cases
of human infection with influenza A(H7N9). The cases were laboratory More on human infection with
confirmed on 28 March by China CDC. Laboratory testing for influenza A influenza A(H7NS) virus

{H3N2), A (H1N1)pdm09 and A(H5N1), as well as for novel coronavirus,
has been negative.

The cases were reported from Shanghai (2 cases) and Anhui province (1
case). All three cases presented with respiratory tract infection with
progression to severe pneumonia and breathing difficulties. Disease onset
was between 19 February and 15 March 2013, Two of the cases died. The
third case Is currently in critical condition.

To date no epidemiological link between the cases has been identified. An
investigation including follow-up of contacts is ongoing. So far no further
cases have been identified among the 88 identified contacts under follow
up.

tnvestigations into the source of infection and mode of transmission are
ongoing.

The Chinese government is actively investigating this event and has
instituted enhanced surveillance, laboratory strengthening and training of

health care professionals for detection, reporting and treatment.

WHO is in contact with the national authorities and is following the event
closely, It will issue updates as new information becomes available.

. http://www.who.int/csr/don/2013_04_01/en/index.html ~2013/04/12
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Published Date: 2013-02-13 18:16:29
Subject: PROJAH/EDR> Novel coronavirus - Eastern Med. (04): UK, pers to pers trans susp
Archive Number: 20130213.1541531

NOVEL CORONAVIRUS - EASTERN MEDITERRANEAN (04): UK, PERSON TO PERSON TRANSMISSION SUSPECTED
**********#********************************************************************************
A ProMED-mail post

hitp://www.promedmail.org

ProMED-mail is a program of the

International Society for Infectious Diseases

http://www.isid.org

In this report: |

[1] HPA press release
[2] ECDC .
[3] WHO GAR update .

EE 4 3 :

{1] HPA press release

Date: 12 Feb 2013

Source: HPA UK Press Release [edited] . : ‘
http://www.hpa.org.uk/NewsCentre/Nationa|PressReleases/20) 3PressReleases/ 13021 3statementonlatestcoronaviruspatie

The Health Protection Agency (HPA) can confirm a further case of novel coronavirus infection in a family member of the
case announced on Monday [11 Feb 2013]. The patient, who is a UK resident, does not have any recent trave{ history
and is currently receiving intensive care treatment at The Queen Elizabeth Hospital, Birmingham. It is understood that
this patient has an existing medical condition that may make them more susceptible to respiratory infections. This
latest case brings the total number of confirmed cases globally to 11, of which 3 have been diagnosed in the UK,

‘Professar John Watson, head of the respiratory diseases department at the HPA, said; "Confirmed novel coronavirus
infection in a person without travel history to the Middle East suggests that person-to-person transmission has
occurred and that it occurred in the UK. This case is a family member who was in close personal contact with the
earlier case and who may have been at greater risk of acquiring an infection because of their underlying health
condition. To date, evidence of person-to-person transmission has been limited. Although this case provides strong
evidence for person to person transmission, the risk of infection in most circumstances is still considered to be very
Jlow. If novel coronavirus were more infectious, we would have expected to have seen a larger number of cases than
we have seen since the 1st case was reported 3 months ago. However, this new development does justify the

" measures that were immediately put into place to prevent any further spread of infection and to identify and follow up
contacts of known cases. We will continue to provide advice and support to healthcare workers looking after the
patients and to contacts of both cases. In light of this latest case, we would like to emphasise that the risk associated
with novel coronavirus to the general UK population remains very low. The HPA will continue to work closely with
national and international health authorities and will share any further advice with health professionals and the public if
and when more information becomes available."

Notes to editors:

Laboratory confirmed cases to date: 11

Saudi Arabia: 5 {3 deaths)

Jordan: 2 (2 deaths)

UK: 3 (1 patient from Qatar - receiving treatment, 2 patients from UK, 1 with recent travel to Pakistan and Saudi
Arabia - both receiving treatment)

Germany: 1 {patient from Qatar - discharged)

Coronaviruses are causes of the common cold but can also include more severe illness, such as SARS (severe acute
respiratory syndrome). This new coronavirus was 1st identified in September 2012 in a patient who died from a severe
respiratory infection in June 2012. The virus has so far only been identified in a smail number of cases of acute, sericus
respiratory illness who presented with fever, cough, shortness of breath, and breathing difficulties,

For further information, see the HPA's coronavirus web pages, which include a Q&A page on this topic [see
hitn,//www.hpa.org.uk/webw/HPAwebR&Page&HPAwebhAutol istName/Page/1317136202637].

Communicated by:
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[2] ECDC Update
Date: 13 Feb 2013 , :
Source: ECDC (European Centre for Disease Control) [edited] :

http://ecdc.europa.eu/en/press/news/Lists/News/ECDC Disp Form.aspx?List=32e43ee8-p230-4424-a783-
85742124029aRID=844&RootFolder=%2Fen%2Fpress%2Fnews% 2FLists%2FNews

Epidemiological update: Case of severe lower respiratory tract disease associated with a novel coronavirus:

On [13 Feb 2013], the HPA announced that one family contact of the previously-confirmed case reported on [11 Feb
2013] was laboratory-confirmed to be infected with the novel coronavirus (NCoV). This 2nd case from the same family
was hospitalised on [9 Feb 2013] with a short history of respiratory symptoms. The patient has an existing medical
condition that may make him more susceptible to respiratory infections. He does not have a recent travel history and is
currently receiving intensive care treatment. .

The cases have been notified through the EU alerting system for communicable diseases.

This brings the total of laboratory-confirmed cases of severe pneumonia caused by the NCoV to 11 globally (see table
below). ' . :

The information available suggests human-to-human transmission of the NCoV in this family cluster.
"The HPA reports that surveillance of family, close contacts of the 2 patients, and healthcare workers treating the 2
patients is ongoing, as per the UK National Guidelines. None are currently presenting with symptoms consistent with
NCoV. ’ .

" The HPA is also following-up regarding passengers who may have been exposed while flying with the case announced
on {11 Feb 2013)-and are in contact with the airline concerned. ' ‘

In light of this human-to-human transmission of the NCoV within the family cluster, ECDC is now updating its risk
assessment, previously published on [7 Dec 2012]. :

Case No: Date Onset / Age (yeafs) f Sex ’/ Probable place of infection / Date reported / Source / Outcome
1: April 2012 / 45/ F / Jordan** ‘/_ 30 Nov 2012 / WHO/IHR / Dead | |
2: April 2012 / 25/ M / Jordan** / 30 Nov 2012 / WHO/IHR / Dead
3: 13 Jun 2012/ 60 / M/ Kingdom of Sal:ldi Arabia* / 20 Sep 2012 / k;.ingdom of Saudi Arabla, ProMED / Dead
4: 3 Sep 2012/ 49 / M/ Qatar / Kingdom of Sal;ldi Arabia®** [ 22 Sep 2012 / HPA/WHO / Alive
5: NK/ NK / NK / Kingdom 6f Saudi Arabia*/ 4 Nov 2012 / Kingdom of Saudi Arabia, ProMED, SM3 / Alive
*6: 12 Oct 2012 / 45 / M / Qatar**** / 23 Nov 2012 / RKI/WHO / Al.ive - ' ‘ .
| 7: NK / NK / M / Kingdom of Saudi Arabia* / 19-23 Nov 2012 / Kingdom of Saudi Arabia, ProMED, WHO / Alive
8: 28 Oct 2012 JNK/ M/ Kingdbm_o’f Saudi Arabia* / 23 Nov 2012 / WHO / Dead |
9: October 2012 / NK/ M / Kingddm of Saudi Arabla* / 28 Nov 2012 / WHO / Dead
10: 24 Jan 2013 /60 / M/ Pakiétan, Kingdom of Saudi Arabia*/ 8 Jan 2013 / EWRS [ Alive, Hospita]isea
11: 6 Feb 2013 / NK/ M / United Kingdom* / 12 Feb 2013 / HPA / Alive, Hospitalised .
* Part of family cluster
** Healthcare worker and part of outbreak linked to hospital
**¥ Patient transferred to UK

#®x* patient transferred to Germany
"NK: not known

Communicated by:
ProMED-mail
<promed@promedmail.org>
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© [3] WHO GAR update

http://www.promedmail.org/direct.php?id=20130213.1541531 ' ' 2013/05/20
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Date: 13 Feb 2013
Source: WHO GAR [edited]
http://www.who.int/esr/don/2013 02 13/en/index.htmi

Novel coronavirus infection - update {13 Feb 2013]:

The United Kingdom'(UK) has informed WHO of another confirmed case of infection with the novel coronavirus {(NCaV).
The patient is a UK resident and a relative of the case announced on [11 Feb 2013].

The latest confirmed case does not have any recent travel history outside the UK and is currently hospitalized in an
intensive care unit. It is understood that this patient has pre-existing medical conditions that may have increased
susceptibility to respiratory infectlons

Confirmed NCaoV in a person without recent travel history indicates that infection was acquired in the UK. To date,
evidence of person-to-person transmission has been limited. Although this case is suggestive of person-to-person
transmission, on the basis of current evidence, the risk of sustained person-to-person transmission appears to be very
low.

The Health Protection Agency (HPA} is following up on alf close contacts (family and healthcare workers) who may‘have
been exposed to either of these 2 new confirmed cases. '

As of [13 Feb 2013], a total of 11 confirmed cases of human infection with NCoV have been notified to WHO, with-no
change in the number of fatalities i.e., 5 deaths since April 2012.

Based on the current situation and available information, WHO encourages all Member States to continue their
surveillance for severe acute respiratory infections (SARI) and to carefully review any unusual patterns. Testing for the
new coronavirus should be considered in patients with unexplained pneumonias, or in patients with unexplained
severe, progressive, or complicated respiratory illness not responding to treatment.

Any clusters of SARI or SARI in healthcare workers should be thoroughly lnvestlgated regardless of where in the world
they occur.

"' New cases and clusters of the NCoV should be reported promptly both to national health authorities and to WHO.

WHO does not advise special screening at points of entry with regard to this event nor does it recommend that. any
travei or trade restrlctlons be applied.

WHO continues to monitor the situation closely.

Communicated by:
ProMED-mail Rapporteur Marianne Hopp

[The above mentioned case of severe acute respiratory infection {(SARI) is currently the 11th confirmed case of severe
respiratory disease attributable to infection with the novel CoV 1st identified In a fatal case in Saudi Arabia {see prior
ProMED-mail posts listed below), It is also the 3rd incident of infection with this novef CoV that occurred in a close
contact of an earlier confirmed case, suggesting possible person to person transmission of the virus. There was a
cluster of 3 confirmed cases in a family in Saudi Arabla in November 2012 and a cluster of 2 confirmed cases among

. ICU staff in a hospital in Jordan in May 2012. As stated clearly in the 3 reports of this update, evidence thus far does
not seem to suggest an ease and facility of person-to-person contact of this organism as yet.

The table of cases presented in the ECDC report above is a very useful presentation and summary of the current

* publiciy available information on the descriptive epidemiclogy of known confirmed cases of severe acute respiratory
illness due to infection with this novel CoV, Information on exposure histories of each of the patients is not available
(some of the earlier cases were reported to have had contact with farm animals in Saudi Arabia and Qatar, but similar
information was not available on all cases). To date, cases that have been confirmed have been linked to geographic
presence in the Middle East prior to onset of iliness {Jordan, Saudi Arabia or Qatar; with one case also having visited
Pakistan during the period prior to onset of illness). The absence of cases reported from other areas among individuals
without history of contact with this region of the world may or may not reflect the true gecgraphic distribution of this
novel CoV, as there may be a bias against testing for this virus in the absence of such stated exposure history ("seek
and ye shall find," or the coroliary, "don't look and you won't find").

The scientific community is eagerly awaiting the details of epidemiologic investigations conducted on the 11 previously
confirmed cases of infection with the novel CoV, especially those addressing exposure to possible animal sources (bats,
bat saliva and excrement, farm animals, etc.) and dates of contacts/dates of onset of previous clusters. In addition,
information on field studies on bats and farm animals in the Middle Eastern countries addressmg infection of animals
with the novel CoV is eagerly awaited as well.

For the interactive HealthMap/ProMED map of the UK, see http://healthmap.org/c/1INY. For the interactive
HealthMap/ProMED map of the Middle East, see http://healthmap.org/r/1HA). - Mod.MPP]
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Novel coronavirus - Eastern Med. {03): Saudi comment 20130212.1540011

2012-

Novel coronavirus - Eastern Mediterranean (08):
Novel coronavirus - Eastern Mediterranean (05):
Novel coronavirus - Eastern Mediterranean (04):
Novel coronavirus - Eastern Mediterranean (03):
Novel coronavirus - Eastern Mediterranean {02):

comments 20121225.1468821

WHO, transmission route 20121223.1465597
receptor charact, 20121211.1446670
research, ISARIC (UK) 20121208.1443486

diagnostics 20121207.1442473

" Novel coronavirus - Eastern Mediterranean: WHO, Jordan, conf., RFI 20121130.1432458

Novel coronavirus - Saudi Arabia {19):
Novel coronavirus - Saudi Arabia (18):

Singapore: NOT 20121129.1430397

Novel coronavirus - Saudi Arabia (17):
Novel coronavirus - Saudi Arabia (16):
Novel coronavirus - Saudi Arabia {15):
Novel coronavirus - Saudi Arabia (14):
Novel coronavirus - Saudi Arabia (13):
Novel coronavirus - Saudi Arabia (12);
Novel coronavirus - Saudi Arabia (11):
Novel coronavirus - Saudi Arabia {10):
Novel coronavirus - Saudi Arabia (09):
Novel coronavirus - Saudi Arabia (08):
Novel coronavirus - Saudi Arabia (07):

4th case, RFI 20121121.1418018

whole genome sequence 20121114.1409556
new case 20121104.1391285

KSA MOH 20121022.1358297

|

real-time RT-PCR assay 20120928.1314254
Eurosurveillance reports 20120928.1313337

Novel coronavirus - Saudi Arabia (06) 20120927.1311743 )
Novel coronavirus - Saudi Arabia (05): WHO, case def., nomenclature 20120926,1309747

Novel coronavirus - Saudi Arabia {04): RFI, Jordan, April 2012 20120925.1308001
Novel coronavirus - Saudi Arabia (03): UK HPA, WHO, Qatar 20120923,1305982

. Novel coronavirus - Saudi Arabia: human isolate 20120920.1302733
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Subject: PRO/AH/EDR> Novel coronavirus - Eastern Mediterranean (05): UK, 3rd case,
Archive Number: 20130215.1544940

NOVEL CORONAVIRUS- EASTERN MEDITERRANEAN (05): UK, 3RD CASE
****************************'*******************************
A ProMED-mail post
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Date! 15 Feb 2013
‘Source: HPA Press Release [edited]
hitp://www, hpa org.uk/NewsCentre/NationaiPre: j;Dl3PressReieases_[ 1302153rdcaseofcoronawrusﬁ

Third case of novel coronavirus infection identified in family cluster

[15 Feb 2013]

The Health Protection Agency (HPA) can confirm a 3rd case of novel coronavirus infection in a family cluster, following
the confirmed diagnosis of 2 cases announced earlier this week. The patient, who is a UK resident and does not have

any recent travel history, is recovering from a mild respiratory iliness and is currently well. This latest case brings the
total number of confirmed cases giobally to 12, of which 4 have been diagnosed in the UK.

Professor John Watson, head of the respiratory diseases department at the HPA, said: "Although this patient had a mild
form of respiratory iliness, as a precaution the HPA Is advising that the patient self-isolate and limit contact with-non-
household members. Follow up of other household members and contacts of this case is currently underway.

"Although this case appears to be due to person-to-person transmission, the risk of infection in contacts in most

circumstances. is still considered to be low. If novel coronavirus were more infectious, we would have expected to have

seen a larger number of cases than we have seen since the 1st case was reported 3 months ago. However, this new

development does justify the measures that were immediately put into place to prevent any further spread of infection
" and to identify and follow up contacts of known cases,

"We would like to emphasise that the risk associated with novel coronavirus to the genéral UK population remains very
low. The HPA will continue to work closely with national and.international heaith authorities and will share any further
advice with health professionals and the public if‘and when more information becomes available."

ENDS
Notes to editors:
1. Laboratory confirmed cases to date: 12

Saudi Arabia: 5 (3 deaths)

Jordan: 2 (2 deaths)

UK: 4 (1 patient from Qatar - receiving treatment, 3 patients from UK, 2 receiving treatment, 1 recovered)

Germany: 1 (patient from Qatar - discharged)

2. Coronaviruses are causes of the common cold but can also include more severe lllness such as SARS (Severe Acute
Respiratory Syndrome). This new coronavirus was first identified in September 2012 in a patient who died from a
severe respiratory infection in June 2012, The virus has so far only been identified in a small number of cases of acute,
serious respiratory lliness who presented with fever, cough, shortness of breath, and breathing difficulties. ‘

3. For further information, see the HPA's coronavirus webpages
[http://www.hpa.org.uk/Topics/infectiousDiseases/InfectionsAZ/NovelCoronavirus2012/] which includes a Q8A
{http://www.hpa.org,uk/Topics/InfectiousDiseasgs/InfectionsAZ/Nove[Coronavirus2012/Generalinformation/respgandang
on this topic.
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[This case represents the 12th confirmed case of respiratory iliness associated with infection with the novel coronavirus
(nCoV) and the 3rd case in a family cluster in the UK (see prior ProMED-mail posts listed below). There have been 2
prior clusters of respiratory illness assoclated with the nCoV - dne.cluster with 2 fatalities confirmed involving ICU
(Intensive care unit) staff in a hospital in Jordan in May 2012 and the 2nd family cluster in Saudi Arabia in November
2012. In the latter case, information was not available to determine if the cluster was due to common exposures or
person-to-person transmission. In this cluster in the UK, the dates of onset of the cases are sequential and only the 1st
case had the known risk factor of travel to Saudi Arabia where earlier cases have been identified. Hence it is fairly
certain that there has been thus far limited person-to-person transmission. '

For the interactive map ofFor the interactive HealthMap/ProMED map of the UK, see http://healthmap.org/r/1INY. For
the interactive HealthMap/ProMED map of the Middle East, see http://healthmap.org/r/1HAJ. - Mod.MPP}

A HealthMap/ProMED-mail map can be accessed at: http://healthmap,ora/r/1INY.]
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Severe fever with thrombocytopenia syndrome (SFTS) is an emerging infectious disease in six epidemic
provinces of China and was identified to be caused by a novel bunyaviruss in 2009, It is progressive in
nature and potentially fatal. SFTS usually otcurs as sporadic cases and is considered a tick-transmitted
disease, Here we present a group of three patients with proven SFTS and ane with probable SFTS, for
whom the epidemiological data show person-to-person transmission characteristics. The index patient
and two secondary patients died. None reported a tick bite.

© 2012 International Society for Infectious Diseases. Published by Elsevier Ltd, All rights reserved,

1. Introduction

From 2007 to date, hundreds of cases of a fever, thrombocyto-
penia, and leukopenia syndrome have been reported in six
provinces of China, including Hubei! This is an emerging
infectious disease that has been named severe fever with
thrombocytopenia syndrome (SFTS) and is caused by a new type
of bunyavirus, called SFTS bunyavirus (SFTSV)."* SFIS usually
occurs as sporadic cases, and clustered cases occur less frequently.

We report a cluster of SFTS cases of human-to-human
transmission caused by the SFTSV that occurred in a hilly village
of Hubei Province between May and June in 2012. The index
patient presented the typical fever, thrombocytopenia, and
leukopenia and was hospitalized, but unfortunately he died. After
his death, three secondary patients successively becameill at 7-12
days after contact or exposure to the index patient’s blood and/or
bloody secretions. All three secondary patients had laboratory-
confirmed diagnoses,

'2. Case reports~—clinical features and epidemiology

The index patient was a 63-year-old man who had a sudden
onset of fever on May 6, 2012, with a temperature of 39.3 °C,
accompanied by chills, pharyngeal pain, nausea, vomiting, and
abdominal pain. Routine  blood tests showed leukopenia and

* Corresponding author.
E-mail address: huke-rmhospital@163.com (K. Hu).

thrombocytopenia (white blood cell (WBC) count 1.25 x 10°fl and
platelets 87 x 109]1). He was admitted to the Department of
Hematology of the local hospital on May 7, and was administered
ribavirin, cefuroxime, and human granulocyte colony-stimulating
factor-stimulated clone. A non-contrast high-resolution computed
tomography scan of the abdomen showed no abnormal findings.
Obvious proliferation of nucleated cells and megakaryocytes with
65.0% of granulocytes was found on bone marrow cytology.
However, no clinical improvement was observed and melena and
generalized myalgia developed. There was no response to a series
of strategies, including broad-spectrum antibiotics, granulocyte
colony-stimulating factor therapy, and blood platelet and human
immunoglobulin infusion. The gastrointestinal bleeding persisted
and his platelet count and WBC count declined progressively. On
day 6 after the onset of fever, the WBC count had decreased to
1.19 x 10%f] and platelets to 40 x 10%/. The patient was in a deep
coma and occasionally had convulsions. His skin was bleeding.
Tracheal intubation and invasive mechanical ventilation was
performed. Even so, resuscitation therapies were not effective. His
relatives did not want the patient to die in hospital and returned
him to his hometown with the endotracheal intubation and
intravenous infusions in place, Half an hour after arriving home,
the index patient died. This was on May 12, at day 7 after the onset
of the disease. Although he had typical clinical SFIS symptoms
including fever, thrombacytopenia, and leukepenia, the SFTS
diagnosis was not made.

After his death, his two brothers (case 1 and case 2) did his
make-up without taking any protective precautions. Case 1
removed his tracheal tube and case 2 withdrew his intravenous

1201-8712/836.00 - see front matter ® 2012 International Society for [nfectious Diseases, Published by Elsevier Ltd. All rights reserved,

http:{{dx.doi.orgf10.1016/}.ijid.2012.11.006
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Table 1
Clinical features of a cluster of severe fever with thrombocytopenia syndrome patients
Index patient Case 1 Case 2 Case 3

General data
Sex " Male Mate Male Female
Age, years 63 66 61 59
Date of onset May 6, 2012 May 23, 2012 May 19, 2012 May 24, 2012
Outcame Death Death Death Discharge
Date of death or discharge May 12, 2012 May 28, 2012 June 1, 2012 June 6, 2012
Length after onset, days 7 7 13 14
Symptoms and signs
Maximal temperature, °C 349.6 40.2 40.6 398
Nausea and vomiting © Yes Nao Yes No
Bleeding Yes Yes Yes Yes
Abdominal pain Yes No Yes No
Diarrhea Yes No No Yes
Malaise Yes Yes Yes Yes
Confusion Yes Yes Yes No
Conjunctival congestion Yas Yes Yes No
Lymphadenopathy Yes No No No
Laboratory findings
Plateles, x10%f1

Onset 104 a7 65 74

Min 40 28 13 48
White blood cell count, x10%1

Onset 1.39 163 2,85 2.69

Min 1.11 1.06 1.48 202
Alanine aminotransferase, Ufl 326 289 646 136
Aspartate aminotransferase, LI 543 257 340 184
Totzal pratein, g/l £5.10 70.10 * 68.30 74.50
Albumin, gfl 29.30 35.20 2840 3320
Blood urea nitrogen, mmalfl 5.33 5,99 5.30 3.80
Creatinine, p.molfl 57.42 67.90 78.22 68.40
Lactate dehydrogenase, Ujl 2022 1207 1578 605
Creatine kinase, [Uf1 2113 729 326 106 °
Creatine kinase-MB fraction, ng/ml 15.42 54,57 12,65 215
Lltra-sensitivity cardiac troponin I, ngfml 2,13 >50.00 1.65 Q.10
Myoglobin, pgfl 243.33 > 1000.00 189.52 172.74
N-terminal pro-brain natriuretic peptide, pg/ml -403.30 1165.70 786.60 325.80
Activated partial thromboplastin time, s 101.2 125.20 G35 87.1
D-dimer, mg/l 49,92 29,40 '9.03 2.63
C-reactive protein, mg/i 1410 25.00 2340 13.60
Procalcitonin 0.67 096 1.22 0.51
Multiple organ dysfunction syndrome Yes Yes Yes No
Hematuria® e + ++ +
Proteinuria? kany + +H+t o+
Virus isolation No data Yes Yes Yes
Real-time RT PCR No data Pasitive Paositive Positive

RT-BCR, reverse transcriptase polymerase chain reaction.

@ Passible results are: —, negative; + weak positive; ++, positive; +++, strong positive,

needles. Both of them came into contact with the index patient's
bload or bloody secretions in the airway during this process. Case 3
came into contact with the index patient's bloody secretions while
helping to clean his bloody clothes. The three cases successively
fell ill, with onset 7-12 days after exposure. They were admitted to
three different departments in three hospitals. Two of the cases
died (case 1 and case 2).

Due to the clustering of cases in this outbreak in the same village,
and with all cases having typical clinical symptoms including fever,
thrombocytopenia, and leukopenia (Table- 1), there was a high
suspicion of SFTS, Blood samples from all of the secondary cases
were sent to the Hubei Province Center for Disease Control and
Prevention. The three secondary patients had laboratory-confirmed
SFTS diagnases by real-time reverse transcriptase polymerase chain

‘reaction (RT-PCR) and virus isolation. The index patient was not
analyzed for the pathogen because of misdiagnosis and the lack of a
serum sample. The clinical features of the index patient and three
secondary patients are listed in Table 1.

After 3 months of follow-up, no persons who took protective
precautions and who had been in contact with the patients,
including the three intensive care unit (ICU} doctors (working in

three different hospitals) performing intubations and 21 nurses,
had become ill. Fifty-eight other individuals who had been exposed
to the index patient from the onset of the illness until his funeral

- geremony, but who had not directly touched his secretions, had not

become ill. Also, no new case occurred in the 223 other inhabitants
of the same village.

3. Discussion

We have presented a group of three patients with proven SFTS
and one with probable SFTS, for whom epidemiological data
show person-to-person transmission characteristics. No tick bite
was reported by any of them. Although the index case had typical
SFTS features, he was not analyzed for the pathogen because of
misdiagnosis and the lack of a serum sample. Two of his brothers
and a neighbor successively became ill and were confirmed as
having SFTS by etiological diagnosis, having come into contact
with his blood or secretions, His brothers died. After 3 months of
follow-up, no patients with SFTS were identified in those who
had been exposed to the patients but who had not directly
touched their secretions. No SFTSV was identified on real-time
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RT-PCR and no antibadies against SFTSV were identified in serum
samples collected from 13 exposed relatives and neighbors, 42
medical staff {including the three ICU doctors and 21 nurses), or
patients staying in the same rooms. Also, no new case occurred in
the 223 other inhabitants of the same village.

The clinical diagnosis and differential diagnosis of this newly
recognized disease are of great importance. SFTS needs to be
differentiated clinically from other infectious diseases, such as
human anaplasmosis, hemorrhagic fever with renal syndrome, and
leptospirosis. The symptoms of SFTS were nonspecific. The key
clinical features include fever, thrombocytopenia, gastrointestinal
symptoms, leukocytopenia, and multiple organ dysfunction
syndrome (MODS).! The most common abnormalities on labora-
tory testing were thrombocytopenia and leukocytopenia. WBC and
platelet counts may progressively decrease, MODS can develop
rapidly in severe cases and become the cause of death. In this
group, all four patients were misdiagnosed and were admitted to
four different departments, including hematology, cardiclogy,
gastrointestinal surgery, and respirology.

The transmission route of SFTS remains unclear, An impor-
tant question is whether SFTSV can be transmitted from person
to person, There is some epidemioclogical and molecular
evidence of person-to-person transmission of the virus.*> It
is speculated that the acute-phase serum samples and cadaveric
blood and bloody secretions are contagious. Persons who come
into direct contact with blood or bleody discharge can be

infected with SFTSV, Based on our data, all three secondary cases |
had possible blood contact through unprotected skin and

mucosa, and hence we conclude that SFTSV can be transmitted

from human-to-human through centact with the patient's

cadaveric blood or bloody secretions. This also indicates that

SFTSV-infected blood may remain infectious for a long time,

even after patient death.

More emphasis should be given to this disease and further
training of medical personnel should be carried out to prevent
misdiagnosis, especially in epidemic areas. ‘

Conflict of interest: The authors have declared that there are no
conflicts of interest.
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Share Print
update — as of 17 May 2013
Since April 2012, there have been 40 laboratory-confirmed cases of numan . .
infection with novel coronavirus (nCoV). Several countries in the Middle - Coronavirus infections
East have been affected, including Jordan, Saudi Arabia, the United Arab )
Emirates (UAE), and Qatar. Cases have also been reported by three More an coronavirus infections

countries in Europe: France, Germany, and the United Kingdom. All of the
European cases have had a direct or indirect connection to the Middle
East. However, in France and the United Kingdom, there has been limited
local transmission among close contacts who had not been to the Middie
East but had been in contact with a traveler recently returned from the
Middle East.

The most recent case reported had onset on 10 May 2013, Most patients
are male {79%; 31 of 39 cases with sex reported), and range in age from
24 to 94 years (median 56 years). All of the laboratory confirmed cases had
respiratory disease as part of the illness, and most had severe acute |
respiratory disease requiring hospitalization. Reported clinical features
include acute respiratory distress syndrome (ARDS), renal faiture requiring
hemodialysis, consumptive coagulopathy, and pericarditis. Many patients
have also had gastrointestinal symptoms including diarrhea during the
course of their iiiness. One patient, who was immunocompromised,
presented with fever, diarrhea and abdominal pain, but had no respiratory
symptoms initially; pneumonia was identified incidentally on a radiograph.
20 of the 40 patients have died.

Since 86 April 2013, 21 cases of infection have been confirmed and reporied
in the region of Al-Ahsa in the Eastern Province of Saudi Arabia (16 males
and 5 females, median age 56 years). Nine of these have died, and six
remain critically ill. Most patients were reported to have at least one
comorbidity. The majority of the initial cases weré associated with a single
health care facility in Al-Ahsa. Additional cases have subsequently been
identified who were not patients at the facility. Three family members of
cases linked to the facility and two health care workers not associated with
the Al-Ahsa facility but who had contact with Iaboratory confirmed cases
have become infected. Two additional cases have been identified in the
cemmunity that did rot have any links with other cases from the Al-Ahsa
healthcare facility. Although investigations are still ongoing into the source
of this outbreak, early information indicated that only a small minority of
these cases had contact with animals in the time leading up to their illness,

Since 8 May 2013, two cases have been reported by France. The first case
became ill after a 9§ day vacation to Dubai, UAE. The second case, reported
on 12 May, is a patient who shared a room at a health care facility with the
first case. Investigations to look for additionat cases among fellow travelers
of the first case and close contacts of both cases are currently underway,
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but no further cases have been identified. Of note, the patient’s initial
nasopharyngeal swab was negative, but a bronchoalveolar lavage was
found to be positive for nCoV. '

All clusters reported to date have occurred among family contacts orina
health care setting. Human-ta-human transmission occurred in at least
some of these clusters, however, the exact mode of fransmission is
unknowrn. So far, no evidence of sustained transmission beyond the
clusters into the community has been observed.

Recent peer-reviewed papers published since the last update

The Coronavirus Study Group of the International Committee on Taxonomy
of Viruses has published a proposed new designation for the novel
coronavirus, the Middle East Respiratory Syndrome Coronavirus (MERS-
CoV). Reference: De Groot RJ, et al. Middle East Respiratory Syndrome
Coronavirus (MERS-CoV): Announcement of the Coronavirus Study Group.
J Virol. Published ahead of print 15 May 2013. doi:10.1128/JV1.01244-13.

Summary assessment

The nCoV is thought to be of animal origin and to be sporadically
transmiited fo humans through an as yet unknown route. However, it is
clear that the virus can also be fransmitted between humans, So far,
human-to-human transmission has only been observed in health care
facilities and close family contacts and sustained transmission in the
community has not been observed. The continued appearance of cases
that are not part of larger clusters, and who do not have a history of animal
contact, increases concerns about possible community transmission, This
possibility is being investigated by authorities in Saud| Arabia.

The infection of two health care workers who had contact with infected
patients and other examples of nosocomial transmission re-emphasize the
need for meticulous adherence to appropriate infection control measures
when nCoV is suspected, beginning with initial patient triage. Current
infection control recommendations can be found at:

http:/imww. who.int/csridisease/coronavirus_infections/en/.

The large number of cases with reported co-morbidities suggests that
increased susceptibility from underlying medical conditions may play a role
in transmission. In addition, it has now been demonstrated that nCoV
infection may present atypically, and initially without respiratory symptoms,
in immunocompromised individuals.

Limited evidence suggests that the use of nasopharyngeal swabs for
diagnosis may not be as sensitive as the use of lower respiratory
specimens. Lower respiratory specimens should be used for diagnesis in
addition to nasopharyngeal swabs when they are available. If an
nasopharyngeal swab tests negative, consider retesting using lower
respiratory specimens such as sputum, endotracheal aspirate, or
bronchoalveclar lavage. Clinicians should take care to follow strict infection
prevention and controf guidelines when collecting respiratory specimens of
any kind.

The recent increase in-cases may in part be related to increased

awareness among the medical community, however the demonstrated
ability of this virus to transmit between humans and to cause large
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outbreaks, has increased concems about the possibility of sustained
transmission, Countries in the Middle East in particular should maintain a
high level of vigilance and a low threshold for testing of suspect cases.
Current surveillance recommendations can be found at;
http:/Aww.who.int/csr/disease/coronavirus_infections/en/.

WHO expects that more cases will be identified. Control of the disease will
require urgent multisectoral investigations aimed at identifying the source of
the virus and the exposures that result in infection. It is critical for member
states to report these cases and related information urgently to WHO, as
required by the Internatiohal Health Regulations, io inform effective
international aleriness, preparedness and respense,

http:/rerww who.int/csr/disease/coronavirus_infectionsfupdate_20130517/enfinde “htm! ' 2013/06/04






=z
2COZEMUBRERNSEHAURT D¢
BHEH VLN EE 2.0k
| EEATLZHEHOTRER LA L LO0H

UM T ¢ PLEVPIEGHNTZ OB FEE T TAT
TARA LU G BRI @ L L RAEEN AT

"G QiGN AR 2. C 2

WOHEYFOEHFYE VEOFHIRFHOTRER >HERIRELHY MR -1 A EBWILBUD "G DML PR ]

R

VMRV BRGEH— N L3N
(PR RECT e 2HE "MW

WHEORE YROEILH

AVKABE B TORRLUR 2 LY
HUBL2 LY (ORDTREE S L4CH D)
P2V T REZHT 3 e
U MG ENTSEORAYS LT YT
OIEHENHIEFOMYE "N 2HE
O S IES OMRE R cYY
DB [MBOVEE) SREYE
UBE AEALLLAVLOLOIYEL

[RANR e B R o B )]

AEN A
AGELAVLOLEYLL

HHHEZEHOX
- WYFRRPEER O B

UG QAL S HYNEYR £

ETTHYNYETH O0LIEC LU HHONWS CURTL IR0 L C2EEEY A-4 A LEEIR 0 QUME e L BEAYIG
MBATA U R BRI D G PR SRR RA)-SUIN ORI IR LV T M T R TR ENEE O LA
CLa00 TN SﬁﬁﬁﬁeﬁﬁLuLumbﬁi OS2 TR OFR Y A AL PR A UREEDILEUD
UCRW - &Y & G EE IR

4 A- A ML IMBMMBEER S LMYRE QIS T LSUNEN TR LA L LA LA AN HHCGDPTE D FRE MO % "F
Ps&u%auﬁ$b%mxamh,K:%v,%MSPSwM@@PEKE@&&%&&E%EES@@%@,ﬁM$@rqu:h%¥b
PEERE TUURBWT CRLWRS TERON WY RGGTM YT FELERLAL L "GN G AL U R ZHPGEE
B >R BES L E IR R ETE @@PE%QPJEJ&@%E@%&E OSIURICHD LA L LEOL- LI OFEAC)-SYIN
U R IRY ANV OLOC £—NAB2YA L LLO0n

QﬁHJQQJHSS CRIAOD-SUAN SR BEMWE YA L LMY O LSBT0 1 4T HHOY L 23 ME QL2 L "R AN
LOLOD " TEHEEY YRR R REWQWE RN "2 7 L2WIEY— "QRLYN I G BZL OV IIRYAN L OLOT
G PALATTLNTRLNE ) AL YLl YNk ) " HEETRLALL - TENE TLALLELL TRIOH

W R BT A C TR OBV Hr3p2107 "B RiskIERE 7 (X05) MSYRE1Mo B " Y 2 O G MBM QIR LA L
[l 2 WEIHEHLBEI02 YT LU RS COHE L QUM A S P ISR (A0D-SHAW) XAV -4 -£ O CHEE R ML h O 8 2 Hedsg 107

BRI O Bl

(1Y "Xopui/Ua/60L0810%
21epdn/SUOT]99]UI SOITARUCIOD/|
ISRASIP/ISO/IUL “OUM KK/ /A1 1]
W] QBRI TBAY "ET0ZA[N[B0 JO SB
- 21epdn 2INJBIDII[ PUB AlBWUNS
AOD-SHAR ‘BASUBY °[13UIIIU]] OHA

(1a1xed) (
¢2$$$V\m\mnn\vhmhvxhh ]

[ R NAGE R

(FET) TR

-1 (b2
Y81 'g10Z SIUBI[I13AINSOING "1IB
de WoU) [[31 0] AOY PUE (400-SY
OK) SNI1ABUOIO) JWOIPUAS AI0JEI
1dsay 3SBY A[PPIN JO] SOIIRUIIS
UOISSIWSURIL "[B 19 ‘S ZaWa3YINE)

(ggveved) BIYIUNYRENL . W

I I R

MRRE
EHROETER

M6 el S - B

HEYEB—# Fs

[

SEEEH SEG0 WEH

T — g SV



NSCLP
テキストボックス
文献番号　８・９



* PERSPECTIVES

Transmission

enarios for Middle Ea

Baxter2013-0la

d how to tell

S Cauchemez (s.cauchemez@imperial.ac.uk)’, M D Van Kerkhove?, S Ritey*, CA Donnel[y‘; C Frasert, N M Ferguson®
1. MRC Centre for Outbreak Analysis and Modelling, Department of infectious Disease Epidemiology, imperial College London,
London, United Kingdom

Citation style for this article:

Cauchemez S, Van Kerkhove MD, Riley S, Donnelly CA, Fraser C, Ferguson NM. Transmission scenarios for Middle East Respiratory Syndrome Coronavirus (MERS-
CoV) and how to tell them apart . Euro Surveill. 2013;18(z4):pii=20503. Available online: http://www.eurosurveillance.org/ViewArticle.aspx?Articield=20503

Deteciion of human cases of Middle East Respiratory
Syndrome Coronavirus (MERS-CoV) infection interna-
tionally is a global public health concern. Rigorous
risk assessment is particularly challenging in a con-
text where surveillance may be subject to under-ascer-
tainment and a selection bias towards more severe
cases, We would like to assess whether the virus is
capable of causing widespread human epidemics, and
whether self-sustaining transmission is already under
way. Here we review possible transmission scenarios
for MERS-CoV and their implications for risk assess-
ment and control. We discuss how existing data, future
investigations and analyses may help in reducing
uncertainty and refining the public health risk assess-
ment and present analytical approaches that allow
- robust assessment of epidemiological characteristics,
even from partial and biased surveillance data. Finally,
we urge that adequate data be collected on future
cases to permit rigorous assessment of the transmis-
sion characteristics and severity of MERS-CoV, and the
_public health threat it may pose. Going beyond mini-
mal case reporting, open international collaboration,
under the guidance of the World Health Organization
and the International Health Regulations, will impact
.on how this potential epidemic unfolds and prospects
for control.

As of 30 May 2013, 50 laboratory-confirmed cases of
Middle East Respiratory Syndrome Coronavirus (MERS-
CoV) infection have occurred worldwide [1]. An appar-
ently high case-fatality ratio (60%; 30 deaths as of
30 May 2013 [1]) and growing evidence that human-
to-human transmission is occurring {2} make MERS-
CoV a threat to global health. The current situation
has already been compared to the early stages of the
severe acute respiratory syndrome {SARS) epidemic in
2003 [3,4].

No animal reservoir has yet been idenfified for MERS-
CoV, and yet human cases, mostly severe, have been
detected over a wide geographical area in the Middle
East and Europe. If most human cases to date have

www.eurosurvelilance.org
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arisen from animal exposure, this implies a large but
as yet uncharacterised zoonotic epidemic is under way
in animal species to which humans have frequent expo-
sure (Figure 1A). In this scenario, we might expect rela-
tively small numbers of human cases overall, though
with the limited surveillance data availabie to date, we
cannot rule out the possibility that substantial num-
bers of human cases, with milder disease, have gone
undetected.

Even if most human cases to date have been infected
through zoonotic exposure, is it possible that MERS-
CoV already has the potential to support sustained
human-to-human transmission but has by chance so
far failed to do so?

Alternatively, how feasible is it that most of the severe
MERS-CoV cases detected to date were in fact infected
via human-to-human transmission and that the epi-
demic is already self-sustaining in human populations
(Figure 1B)? Under this transmission scenario, substan-
tial numbers of human infections may have already
occurred, with only a small proportion of them being
detected. But is it feasible that such an epidemic would

. not have been recognised?

Each of these scenarios has very different implications
for the assessment of severity, relevance ‘of reservoir-
targeted strategies and potential impact of MERS-CoV
globally. Although 1t may not be possible to completely
rule out any of the scenarios with the data currently
available, it is timely to consider the priorities for data
collection and analysis as cases accrue, so as to best
be able to reduce uncertainty and refine the public
health risk assessment.

Transmission scenarios for

an emerging infection

The human-to-human transmissibility (and thus epi-
demic potential) of an emerging pathogen is quantified
by the (effective) reproduction number, R, the average
number of secondary infections caused by an index

[XY



FIGURE 1

Two illustrative scenarios for transmission of Middle East Respiratory Syndrome Coronavirus ({MERS-CoV)
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A.Few human-ta-human infection events have occurred and observed clusters have arisen from separate spill-over events (i.e. introductions

from the animal reservoir into human populations),

B. Many undetected human-to-human transmission events have occurred and the epldemlc is already seif-sustaining.

human infection: Depending on the value of R, differ-

~ent-transmission-seenarios-are-possible;-as- descnbed————but epldemlc has-not-yet-become-self- —. . . ...

below.

Scenario 1: subcritical outbreaks (R<I)
If Re1, a single spill-over event from a reservoir into
human populations may generate a cluster of cases via .
human-to-human transmission, but cannot generate a
" disseminated, self-sustaining epidemic in humans. The
number of human infections expected under this sce-
nario is roughly proportional to the number of zoonotic
introductions of the virus into the human population,
with a multiplier, 1/(z~R), that increases with R {twofold
if R=0.5, but 10-fold if R=0.9).

In this scenario, human infections can be mitigated by
controlling the epidemic in the reservoir and/or pre-
venting human exposure fo the reservoir. Examples of
this scenario are A(H5N1) and A(H7Ng) avian influenzas.

Scenario 2: supercritical outbreaks (R>1

sustaining in human populatlons)

if R, a self-sustaining epidemic in humans is possi-
bie but emergence following introduction is a chance
event: many chains of transmission may extinguish
themselves by chance, especially if R is close to 1. In
the case of SARS, for example, where ‘super-spread-
ing’ events played an important role in transmission

-(i.e. a small proportion of cases were responsible for

a large proportion of onward transmission), it has
been estimated that there was only a 24% probabil-
ity that a single introduction would generate a self-
sustaining epidemic [s] {following [5], we technically

-define ‘super-spreading’ events by an over-dispersion

parameter k=0.16; the absence of super-spreading
events is defined by k=o0.5). This is because if the first
cases were not part of a super-spreading event, they
wotuld be unlikely to generate further cases, However,

www._eurasurveillance.org



. FIGURE 2

Probability that the epidemic has become self-sustaining
in humans after n introductions from the reservoir if R>1
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dotted line). Values R=3 and R=1,2 were selected for |l[ustrat|ve
purposes.

in this scenario, a self-sustaining epidemic is eventu-
ally inevitable if zoonotic introductions into the human
population continue (Figure 2). As with the subcritical
scenario (R¢1), reducing infections from the reservoiris
critical to reducing the public health risk.

" Scenario 3: self—sustammg epidemic (R>1)

If R and the epidemic has become self-sustaining
in humans, the number of human cases is expected
to grow exponentially over time. The rate of growth
increases with R, but decreases with the mean genera-
tion time {GT), the time lag from infection of an index
case to infection of those they infect. For example, for
an eight-day GT - similar to that of SARS - once self-
sustaining, the number of human cases is expected to
.double about every week if R=2, but only about every
month if R=1.2. Although chance effects may mask
exponential growth early in the epidemic, a clear sig-
nal of increasing incidence would be expected once the
number of prevalent infections increases sufficiently
[6]. If case ascertainment remains constant over time,
the incidence of detected cases would be expected to
track that of underlying infections, even if only a small
proportion of cases are detected, Once the epidemic is

self-sustaining, control of the epidemic in the reservoir .

would have limited impact on the epidemic in humans,

Publicly available data

As of 30 May 2013, 50 confirmed cases of MERS-CoV
have been reported with symptom onset since April
zo12 from Saudi Arabia, Jordan, Qatar, United Arab
Emirates, the United Kingdom (UK), France and Tunisia

www_eurgsurveiliance,org

[1,2,7-24]. There are additional probable cases from
jordan, Saudi Arabia and Tunisia f1,12,14]. Information
on animal exposures is limited and the animal reser-
voir has not yet been identified. However, we suspect
that some of the cases may have arisen from zoonotic
exposure in the Arabian Peninsula. Human-to-human
transmission is suspected in several familial and
healthcare facility clusters in Saudi Arabia, Jordan UK
and France. We understand that follow-up investiga-
tions of contacts of the confirmed MERS-CoV cases
have taken place by Ministry of Health officials in
affected countries, finding no evidence of additional
symptomatic infection [7-10,15-19]. ‘At this stage, it is
difficult to ascertain whether other primary zoonotic or
secondary human-to-human cases have heen missed.
Most cases have been reported as severe disease (40
of 44 with documented severity) and 30 (as of 30 May
2013) have been fatal [25]. Table 1 summarises data for
each cluster.

Urgent data needs

Existing and additional data will help characterise the
MERS-CoV transmission scenario. Many appeals for.
data have been brought forward by several experts
and institutions such as the World Health Organization
(WHO). We support this and summarise data require-
ments and the studies required to collect such data are
summarised in Table 2. We illustrate here how these
data may be analysed and interpreted with adequate
statistical techniques [26-28].

Line-list data on confirmed cases

The spatio-temporal dynamics of cases may be used to
ascertain whether the epidemic is self-sustaining and
if so, to characterise human-to-human transmissien
[27-29]. It is therefore important that detailed epidemi-
ological information s recorded for all confirmed and
probable cases.’

Identification of the reservoir

species and exposure data :

The importance of identifying animal reserveir(s) and
understanding human exposure to reservoir species
(e.g. direct contact, contact via contaminated food) is
well recognised. Once the reservoir has been identi-
fied, any exposure of MERS-CoV human cases to that
reservoir should be documented in epidemiclogical
investigations. Currently, the uncertainty regarding
reservoirs and modes of transmission mean that only
five of 50 cases can reliably be classified as ‘human-
to:human’ transmission, with the source of infection
unclear for the remainder.

If none of the MERS-CoV cases detected by routine sur-
veillance had exposure to the reservoir(s), this would
clearly indicate that an epidemic in humans is already
self-sustaining [26]. By contrast, if a substantial pro-
portion of cases have been exposed to the reservoir(s},
it may be possible to rule out the hypothesis that Rz1.



TABLE 1

Summary information per cluster of Middle East Respiratory Syndrome Coronavuus {MERS-CoV) infection, as of

30 May 2013

svmpIOm i

1 Saudia Arabia 20 Sepzmz 13 Jun 2012 1 t ) 0 [1,29]
2 Saudia Arabia 1 Nov 2012 | 5 Qct 2012 3 a 1 [1,13]
3 Saudia Arabia 4 Nov 2012 g Oct 2012 1 o o [7,21]
4 Jordan 30 Nov 2012 21 Mar 12 2 o 9 [z,12]
5 United Kingdom 2z Sep 2012 3 Sep 2012 1 o "o [8]
6 Germany 1 Nov 2012 1 Oct 2012 1 o o [1,9]
7 United Kingdom 11 Feb 2013 24 )an 2013 3 2 o f1,2]
8 Saudia Arabia 21 Feb z013 NR 1 o o "]
9 Saudia Arabia 7 Mar 2013 NR 1 ) o [1]
10 Saudia Arabia 12 Mar 2013 24 Feb 2013 2 o [+] [1]
1 Germany 26 Mar 2013 NR 1 0 0 "1
12 ‘Saudia Arabia 9 May 2013 6 Apr 2013 21 Unlcnown o [20,22-24]
13 France o May 2013 23 Apr 2013 2 ) o 2]
14 Saudia Arabia 14 May 2013 25 Apr 2013 1 0 0 (1]
1"5 . " Saudia Arabia 18 May 2013 28 Apr z013 1 [+] [+} 1]
16 Tunisia 22 May z013 NR 2 2 1 [a]
17 Saudia Arabia 22 May 2013 NR 1 0 o [1]
18 Saudia Arabia 28 May 2013 12 May 2013 5 Unknown o [1].

'NR: not reported.

A similar analytical approach can be used to assess
local levels of transmission in countries where MERS-
CoV cases are imported from abroad. We can determine
if there is.self-sustaining transmission in a country by
~ monitoring the proportion of cases detected by rou-
tine surveillance with a travel history to other affected
countries [26].

_If reservoir exposure cannot be found in spite of
detailed epidemiological investigations, this may
indicate that the epidemic is already self-sustaining
in humans. It is therefore important that efforts to.
identify the reservoir are documented even if they are
unsuccessful. To date, very few of the 5soycases have
reported contact with animals [1].

Thorough epidemiological investigations

of clusters of human cases

Thorough and systematic epidemiological investiga-
tions - including contact tracing of all household,
familial, social and occupational contacts, with virolog-
ical and immunological testing — permits ‘assessment.
of the extent of human infection with MERS-CoV among
contacts of confirmed cases [29]. In this context, viro-
logical and serological testing is |mportant for ascer-
taining secondary infections.

As stated above, if 21, human-to-human transmis-
sion will eventually become self-sustaining after a
sufficiently large number of virus introductions. So, if
thorough cluster investigations indicate that all intro-
ductions to date have failed to generate large out-
breaks, we can derive an upper bourd for R (Figure 3).
The distribution of cluster sizes can also be used to
estimate R [30,31]. -

Routine surveillance is likely to be biased towards
severe cases. As a consequence, the case-fatality ratio
estimated from cases detected by routine surveillance
may be a substantial overestimate. Secondary cases
detected during thorough epidemiological investiga-
tions of human clusters are expected to constitute a

- more representative sample of cases in general, mean-

ing more reliable estimates of severity will be obtained
by recording clinical outcomes in this subset of cases.
Seroepidemiological studies allow for better character-
isation of the spectrum of disease, and for the calcula-
tion of the proportion of asymptomatic or subcllmcal
infections [29].

Population-level data

Once reliable serological assays are avaliable to

measure levels of antibodies to MERS-CoV, it will be

www.euresurveillance.org.



TABLE 2

Assessing the transmission scenario of a zoonotic virus: data requirements, suggested mvesngatlons, parameter estlmatlon
and policy implications

Identification of
reservoir species

s |dentification of the source of
infection, of animal reservoir
specie(s) and of amplifier

* Animal studies
s Detailed exposure history

+ Mitigation measures can
be implemented to reduce
transmission from the

epidemiological
investigations of
clusters of human
cases®

* Data as above, plus

* Detailed epidemiological
investigations of alt cases to
determine cluster size

» close familial, social and
occupational contacts of .
MERS-CoV confirmed and
probable cases

+ healthcare workers caring
for MERS-CoV patients

and exposure specie(s) f::;esctseg:::snffl:;t;alected * Testif R>1 source to humans
data * Exposure history of confirmed cases & P + Determine if epidemic is
and probable cases self-sustaining in humaas
Epidemioclogical, virological
. 2;(1 serological® investigations < Estimate R « Make an assessment of
Thorough )

= Estimate the
generation time

« Estimate
severity
parameters

"« Determine if epidemic is

severity

self-sustaining in humans

» Guide efforts for prevention
of (human-to-human)
transmission

Population-level
infection data®

+ Estimates of population-level
seroprevalence

= Community-based-,
seroepiderniological?
studies

* Estimate the

extent of for targeted mitigation
infection in measures to reduce
humans transmission

= [dentify risk groups

MERS-CoV: Middle East Respiratory Syndrome Coronavirus.

2 The development of serological testing is currently limited, though actively being developed.

- ¥ Protocols for epidemiological investigations can be found at [34,35].

important to undertake serological surveys in commu-
nities affected early to assess the prevalence of MERS-
CoV infection. Should MERS-CoV cases continue to
arise in those communities, a rapid follow-up study to
collect paired serum samples would be highly vatuable.
Even a relatively small number of paired sera (about
1,000) could be used to estimate underlying mfectlon
‘rates and refine estimates of severity [32].

Conclusions

We have described three possible transmission scenar-
ios for the emergence of a novel human pathogen from
a suspected zoonotic reservoir, with different implica-
tions for risk assessment and control.

The most optimistic scenario is that Rei, a'nd thus

there is no immediate threat of a large-scale human
- epidemic. In this scenario, identifying the reservoir
will inform efforts to limit human exposure. Detailed

genetic investigations and estimation of R are also

important for determining the selection pressure and
opportunity for the virus to evolve higher human trans-
missibility [33].

If R>1 but by chance MERS-CoV has nof yet generated a

self-sustaining epidemic, the total number of animal-
to-human infections must have been retatively smalil.

www.eurosurveillance.org

This would suggest that the severe cases that have
been detected are not the tip of the iceberg and that
disease severity is therefore high.

The final possibility is that 1 and that human-to-
human transmission is already self-sustaining. If this
is the case, R must still be relatively low (j.e. <2} unless
transmission only began to be self-sustaining in the -
recent past (e.g. early 2013). In this scehario, overall
human case numbers might already be relatively large,
suggesting that severity may be substantially lower
than it appears from current case reports. Rapid imple-
mentation of infection control measures upon detec-
tion of MERS-CoV cases may be limiting onward spread
beyond close contacts, and may explain the tack of

. clear-cut evidence from the epidemiological data avail-

able thus far that human-to-human transmission is

self-sustaining.

Given the current level of uncertainty around MERS-
CoV, it is important that adequate data are collected
on future cases to underpin rigorous assessment of
the transmission characteristics and severity of MERS-
CoV, and the public health threat it may pose. This
paper has reviewed the epidemiclogical investigations
needed (Table 2); use of standard protocols - being
developed by several groups; see available protocols



FIGURE 3

Upper bound for the reproduction number R as a function
of the number of introductions from the reservoir that
failed to generate self-sustaining epidemics
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from WHO [34], the Consortium for the Standardization
of Influenza Seroepidemiclogy (CONSISE} [35] and
International Severe Acute Respiratory and Emerging
Infection Consortium {ISARIC) [36]) — where possi-
ble, would be beneficial. Going beyond minimal case
reporting, open ‘international collaboration, guided
by the International Health Regulations, will impact
how this potential epidemic.unfolds and prospects for
" control. '
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Since April 2012, 80 laboratory-confirmed cases of human infection with
Middle East respiratory syndrome coronavirus (MERS-CoV) have been
- reported to WHO. Forty-five of the confirmed cases have died (56%). Forty- . .
nine of 75 cases (65%) for which the sex is known were male and the - More on coronavirus infections
median age of the cases with known age is 51 years (range, 14 months to
94 years). Affected countries in the Middle East include Jordan, Qatar,
Saudi Arabia and the United Arab Emirates {UAE); in Europe countries
affected.include France, Germany, the United Kingdom {UK) and ltaly; and
in North Africa, Tunisia. No new countries have reported MERS-CoV cases
since the last update. All the European and North African cases have had a
direct or indirect connection to the Middle East. However, in France, ltaly,
Tunisia and UK, there has been !imi'te‘d'l_‘o'cal fransmission among close
contacts that had not been to the Middle East.

e - R e

Coronavirus infections

Since the last update, 16 new laboratory-confirmed cases of MERS-CoV
were reported by Saudi Arabia. Eight of the new cases were reported to be
-asymptomatic. Of the eight asymptomatic cases four were female health
care workers, two from the Ta'if governorate and two from the Eastern
Province of Saudi Arabia. The other four asymptomatic cases were children
aged 7 to 15 years from Riyadh and the Eastern Province of Saudi Arabia

~ who had contact with confirmed cases. For further deta:ls regardmg the
cases see Disease Outbreak News,

- WHO MERS-COV. related. activities and upcoming guidance

WHO is currently preparing travel and health advice for travellers to
- forthcoming mass gatherings.

Recommendations for infection prevention and control for MERS-CoV
patients in hospital are under review. Advice on infection prevention for
patients being cared for at home is under development,

WHO is convening an Emergency Committee meeting, as described in the
International Health Regulations (2005}, to review the current MERS-CoV
ou'tbreak, discuss whether the outbreak constitutes a Public Health
Emergency of International Concern (PHEIC), and advise the Director
"‘General on temporary recommendatlons for any necessary public health
actions. ‘

WHO is also coordinating the collection of a panel of clinical serum

specimens, which will include both MERS-CoV positive and negative

specimens, to standardize serological assays. This activity is being done in
|

http://www.who.int/csr/disease/coronavirus_infections/update_2013070%/en/index.html
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collaboration with an international network of public health and research
laboratories.

Recent guidelines

On 5 July; WHO published a guideline for investigation of MERS-CoV
cases. |t provides recommendations for early case investigation including
further case finding, surveillance enhancements, and studies that need to
be done around new cases. '

On 3 July, WHQ published revised case definitions for MERS-CoV
confirmed and probable cases based on new epidemiological and clinical
information. The document also contains recommendations on further
evaluation for cases with inconclusive tests and asymptomatic infections.

On 27 June, WHO published interim surveillance recommendations for
human infection with MERS-CoV. The twe major changes include a
stronger recommendation for the use of lower respiratory tract specimens
in addition fo nasopharyngeal swabs for diagnostic testing and a longer
-observation period for contacts of cases.

Recent papers in the scientific literature

Several MERS-CoV scientific investigations have been published in
journals:

- The Saudi Arabian Ministry of Health provided an in-depth analysis of 25.
{23 confirmed and 2 probable) MERS-CoV cases associated with an
outbreak in Al-Hasa region of Saudi Arabia. The outbreak involved patients,
their family members and health care workers from four different hospitals,
including a.haemodialysis unit, an intensive care unit and other inpatient
units. Human-to-human-transmission was considered the likely source of
infection for most of the cases. The estimated median incubation period
was 5.2 days (95% confidence interval 1.9 to 14.7 days).

Reference: Assiri A et al. Hospital outbreak of Middle East Respiratory
Syndrome coronavirus. New England Journal of Medecine. Published
online 19 June 2013. DOl: 10.1056/NEJMoal1306742 -
hitp:/iwww.nejm.org/doi/pdf/10.1056/NEJMoat 306742

- German investigators published a viral load profile of a patient infected
with MERS-CoV treated in Germany in March 2013. They found very high
virat loads in lower respiratory tract samples from the patient compared
with upper respiratory samples, and low concentrations of the virus In stool,
urine and blood. L

Reference: Drosten C et al. Clinical features and virological analysis of &
case of Middle East respiratory syndrome coronavirus infection. Lancet.,
Published Online 17 June 2013. http://dx:doi.org/10.1016/51473-3099(13)
70154-3

- A recent paper describes three possible transmission scenarios for MERS
-CoV, detailing the implications for risk assessment and control far each.
The scenarios include subcritical outbreaks where the reproduction number
{RO) is less than 1, supercritical outbreaks where RO is greater than 1 but
the epidemic has not become self-sustaining in human populations, and a
self-sustaining epidemic where R0 is greater than one. The authors stress
the importance of adéquate data collection in order to permit rigorous

http://www who.int/cst/disease/coronavirus_infections/update_20130709/en/index.html
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assessment of the severity and transmission characteristics of MERS-CoV.
Reference: Cauchemez S et al. Transmission scenarios for Middle East
Respiratory Syndrome Coronavirus (MERS-CoV) and how to tell them
apart. Euro Surveillance. Published online 13 June 2013, ‘
http:/fwww.eurosurveillance.org/ViewArticle aspx?Articleld=20503

Summary assessment

" With recent reports of asymptomatic and mild cases, the proportion of
confirmed cases that have died of MERS-CoV infections is lower than
previously reported, as is the average age, and the proportion of patients
who are female has increased. f is noteworthy that these cases have been
detected as part of contact investigations around severe cases. These
severe cases were discovered as a result of surveillance activities that
focus on finding severely affected patients. Index cases, the first cases
occurring in a cluster, presumably are more likely to have had a non-human
exposure as their source of infection and continue to be predominantly
older males, perhaps providing a clue to the exposure that resulted in their
infection. Whether the relative mildness of illness in contact casesis an
artifact of surveillance and case-finding activities or represents a difference

" in virulence between sporadic infections acquired from non-human
exposures and those acquired from human-to-human transmission is
unknown, _ . '

The recent mild and asymptomatic cases raise concerns about the
possibility of large numbers of milder cases going undetected. While it is
clear that human-to-human transmission does occur, it is not clear whether
transmission is sustained in the community. The currently observed pattern
of disease occurrence could be consistent either with ongoing transmission
in an animal reservoir with sporadic spillover into humans resulting in non-
sustained clusters, or unrecognized sustained transmission among humans
with occasional severe cases. Detailed case contact investigations,
increased surveillance in other countries of the region, and formal siudies
of non-human exposures of index cases are urgently needed to answer
these questions. A new guideline for these case investigations has recently
been published (see above).

The public health importance of asymptomatic cases is uncertain. More
information is needed about the virus excretion patterns in persons without
symptoms to understand the risk they may pose to non-infected persons.
Experience from the Severe Acute Respiratory Syndrome (SARS) outbreak
in 2003 suggests that very little if any transmission occurred from
asymptomatic individuals. In addition, in the absence of symptomatic
illness, the burden of proof must be higher because of the possibility of
misclassification from false positive tests'that result from laboratory
contamination. In most viral infections, an immunological response, such as
development of specific antibodies, would be expected even with mild or
asymptomatic infection; as such, serological testing may be useful as
additional confirmation of the diagnosis. Additional steps to reconfirm
asymptomatic cases, or any case in which the diagnosis is suspect, could
also include re-extraction of RNA from the original clinical specimen and
testing for different virus target genes, ideally in an independent laboratory.

hitp://www.who.int/csr/disease/coronavirus_infections/LaboratoryTestingNovelCoronavirus_21Dect2.pdf

WHO continues to request that Member States report all confirmed and
probable cases along with information about their exposures, testing, and

http://\wvw.who.int/c_sr/disease/coronavirus_infections/update_zo130709/en/index.html
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clinical course to inform the most effective international preparedness and
response. WHO strongly recommends detailed case investigations for
every case, case-control-studies for index cases and intensive follow up of
contacts with serological testing to improve knowiedge of critical features of
the MERS-CoV infection. '

http://www.who.int/csr/d{isease/coronavirué_infections/update_20 130709/en/index.html
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Introduction

Tembusu virus (TMUV) is a mosquito-borne flavivirus
and first isolated from mosquitoes of the genus Culex in
'1970s in Malaysia (Platt et al., 1975), but the disease associ-
.ated with TMUYV infection was not known. However, a
chick-origin TMUV isolate, originally named Sitiawan
virus, can cause encephalitis and retarded growth in broiler
chicks (Kono et al., 2000).

. In China in 2010, TMUV was found causing severe egg
drop in ducks. Hyperaemia, haemorrhage, degeneration,
distortion and lymphocyte infiltration in the ovaries were
the main pathological changes observed consistently in
almost all diseased ducks. Based on the changes, the disease
was diagnosed as duck haemorrhagic ovaritis (DHO),
caused by TMUYV. Recent studies indicate that TMUV is
widely distributed in nature and occurs in a variety of
ducks (including Pekin duck, Cherry Valley Pekin duck
and Shaoxing duck, Jinyun duck, Longyan duck, Jinding
duck and Khaki-Campbell duck). There have been over 10
isolates of TMUYV from ducks and chickens reported in the

Tembusu virus (TMUV) infection in ducks, geese and house sparrows was
reported in China. To confirm the emergence of TMUV in humans, we investi-
gated TMUV as a possible infection in. duck industry workers in Shandong,
China. Of 132 serum samples tested, 95 (71.9%) had TMUYV antibodies. In oral
swabs detection, 63 (47.7%) samples were positive for TMUV RNA. Nucleotide
sequences of 277 bp coding the partial NS3 protein showed more than $9.5%
identity with other duck TMUV strains, which can cause severe egg drop in
ducks. These findings contribute to the realization that TMUV may be overlooked
as & zoonotic transmission in China, ’

2 years since the DHO outbreak in the China (Cao et al,,
2011; Su et al., 2011; Tang et al,, 2012b).

During our investigation of duck TMUV infection, we
found the TMUYV also caused human infection. This report
highlights the emerging nature of this zoonotic disease and
calls for attention to its possible public health conse-
quences.

Materials and Methods

Samples collection .

A serologic investigation was performed among 132 per-
sons who worked on duck farms or culled birds during the
September 2010-October 2012 outbreaks in Shandong,
China. Oral swabs were also collected at the same time for
virus detection. The samples were screened for the presence
of TMUV using semi-nested reverse transcription PCR
(SN-RT-PCR) and IgG ELISA. Permission was given before
blood, and swab samples were collected from duck cullers
and farm workers. The Shandong Agriculture University
Research Ethics Committee approved this study.

© 2013 Blackwell Verlzg GrobH « Transboundary and Emerging Diseases. 60 (2013} 193-196 193
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ELISA method

We detected TMUV-specific antibodies in serum using a
ELISA method. In brief, expressed proteins for TMUV E
were purified and’ coated onto the wells (50 ng/well} by
incubation at 4°C overnight. The wells were washed three
times with phosphate-buffered saline (PBS), pH 7.4 and
0.05% Tween 20 washing buffer, Then, 50 pl of blocking
buffer (PBS, 0.05% Tween 20 and 2.5% bovine serum
albumin) was added to each well and incubated for 1 h at
37°C to saturate all unbound sites. Coated plates were
washed three times with PBS and 0.05% Tween 20. The
serum samples diluted at 1 : 100 were added at 100 pi/well
and incubated for 1 h at 37°C. After incubation and three
washing cycles as described above, 100 pltwell of a 1 : 5000
dilution of horseradish peroxidase (HRP)-labelled goat
anti-human [gG was added, and the plates were incubated
for 1 h at 37°C and then washed three times with washing
buffer. A volume of 100 pl substrate solution containing
0.04% orthophenylenediamine in 0.05 M phosphate-citrate
buffer, pH 5.0, and 0.04% H3O» was added. The reaction
was carried out for 30 min at room temperature. Colour
development was stopped after 10 min by adding 50 yl of
2.5 M H350, to each well. The absorbance was read at
450 nm using a plate reader. Duplicate negative. control
human sera were included in each plate. The ELISA optical
density (OD) values for IgG against TMUV higher than
0.689 were considered positive.

Virus neutralization test

We mixed 50% tissue culture infective doses of TMUV
strain SDMS (100 U/ml} in 2% foetal bovine serum (Invi-
trogen, Grand Island, NY, USA) with 2-fold dilutions of
heat-inactivated serum samples (1 : 10-1 : 640} in equal
volurnes and incubated the mixture for 75 min at 37°C in
5% CO;. Then, the mixture was inoculated onto Vero
monolayer cells grown in six-well culture plates (Corning,
NY, USA) in 2% foetal calf serum (FCS), 100 U/ml of peni-
cillin and 100 pgfml of streptomycin. The cell cultures were
incubated at 37°C in 5% CO, for 72 h. Sémples were con-
sidered positive for TMUV-neutralizing antibodies if <10%
of the cel]slwe]l displayed cytopathlc effect.

Semi-nested RT-PCR

Oral swab samples from the 132 persons were subjected to
RNA extraction {TIANGEN, Beijing, China} for detection
of TMUV RNA by NS3-based semi-nested RT-PCR (SN-RT-
* PCR}. In brief, the first round of SN-RT-PCR for the
amplification of the NS3 gene was performed with ¢DNA
using 20 pmol of NS3F (5"-ATGGATGAAGCYCATTT-

Y. Tang et al.

CAC-3" and NS3R (5- CCAAAGTTGGCYCCCATCTC-
3'). The PCR mix containing 5 pl of 10x EX Taq buffer
(Mg** Plus), 1 ul of ANTP mixtute (10 mm each dNTP),
5 U EX Taq polymerase (TAKARA, Dalian, China) and
1 pl template cDNA was brought to 50 pl with Rnase-free
water. The thermal cycling programme involved an initial
denaturation at 94°C for 5 min, followed by 35 cycles, each
consisting of denaturation at 94°C for 30 s, annealing at

* 55°C for 30 5 and extension at 72°C for 30 s, with a final

extension for 10 min at 72°C. The second round of SN-

RT-PCR for the NS5 gene was performed using 1 pl of the

first RT-PCR product as the template DNA and 20 pmol/u)

of NS3F and SNR (5~-AGCACACGGCAATCTCAT -3') in.
the sarne condition as first round.

Phylogenetic analysis

Phylogenetic analysis was based on nucleotides 277 bases of
the NS3 gene. Multiple alignments were constructed using
the- ClustalW (Ibis Biosciences, Carlsbad, CA, USA)
method of the software BioEdit {version 7.0.5.2), The phy;
logenetic tree was drawn, using the neighbour-joining
method of the MEGA program {version 4.0} with absolute-
distances following 1000 bootstrap replicates (Tamura
et al,, 2007)

Resu[ts and Discussion

We have detected TMUYV antibodies in serum samples and
TMUVY RNA in oral swabs from 132 duck industry workers
collected during the outbreak of TMUV infection, which
suggest human infections with TMUV in China, Qur find-
ings demonstrated that the risk for poultry-to-human
transmission of the TMUYV is high.

In our studies, three diagnostic methods were used for
detection of TMUYV ‘infection in human. The IgG ELISA
gave a positivity rate of 71.9% (95/132 samples), and NS3-
based SN-RT-PCR gave the positivity rates of 47.7% (63/
132 samples; Table 1).

Tabie 1. Characteristics for samples from 132 duck industry workers
with Tembusu virus infection, Shandang, China.

* Number of positives

Number of Virus . .
Year warkers lgG EUSA  neutralization  RT-PCR
2010 29 23 15 17
2011 57 . 38 13 22
2012 46 . 34 iB8 24
Control samples® 20 0 . 0 0
Total 152 95 46 ’ 63

3Samples {serum and oral swab) from 20 non-duck industry workers
working as the negative controls in the experiments.

194 ' © 2013 Blackwell Verlag GmbH » Transboundary and Emerging Diseases, 60 {2013) 193-196
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&3 Tembusu virus BYD{JF312912.1)
WU’» Tembusu vius human

I

embusu virus MM 1775 (JX477685,1)

Tembusy virus YYS(JF2704B0.1}
Sitiawan virus (JX477686.1)

Zika virus(NC 012532.1)

Bagaza virus{NC 012534,1)
Niaya virus (NG 018705.1)

Si, Louis ohalitis virus (NC 007580.2)

Japanese encephalitis vieus(JX131374.1)
Kunfin vins(JX276662.1)

West Nile virus {JX015521.1)

Dengue virus 1(JNB19410.1)
Dengue virus 4(JQ513344,1)

Kedougou vius{NC 012533.1)

Tick-bome: phalilis virus (JQ654701,1}

e
ol

Culex flavivirus{NC 008604.2)

Fig. 1. Meighbour-joining trees based on the NS3 gene of Tembusu virus human strain, China, generated using Molecular Evolutionary Genetics
Analysis software (MEGA) version 4.0 (www.megasofiware.net)), the maximum composite-likelihood methog and bootstrap analysis of 1000 repf-
cates. TMUV human strain is surrounded by black box. Numbers on branches indicate percentage of replicates that reproduced the topology for each
clade, Scale bars indicate estimated evolutionary distance. TMUV, Tembusu virus.

Phylogenetic analysis of TMUV NS3 gene in the oral
swab samples from duck farm workers showed a clearly
defined grouping into a mosquito-borne flavivirus of the
Ntaya virus group, displaying a close relationship with
other duck TMUYV strains, as reported previcusly (Fig. 1;
Tang et al, 2012a; Yun et al, 2012). BLAST analysis
showed that the part of the N53 gene of human TMUV has
almost 100% nucleotide identity with that of BYD virus
and YY5 virus, respectively. The NS3 genes of all TMUV
strains share about 85.2% and 87.7% nucleotide homology
with those of Sitiawan virus and TMUV strain MMi775.

Our studies show evidence of TMUV transmission
among groups at high risk for duck-to-human transmission
(i.e. exposed to poultry during 2010-2012 outbreaks in
Shandong, China), and they suggest a need for increased
awareness, enhanced prospective surveillance and a more
current serosurvey of TMUV infection in humans, SN-RT-
PCR may be a useful diagnostic method during early TMUV
infection, but in most TMUYV infection cases, serologic tests
{e.g. IgG ELISA and virus neutralization) are more likely to
yield useful results. For public health reason, further studies
should be conducted to isolate human TMUV and investi-
gate its epidemiologic, genetic and pathogenic features.
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‘Transmissible Spongiform Encephalopathies Advisory Committee
24™ Meeting, March 14, 2013

Topic

Preliminary results from FDA’s quantitative risk assessment of the vCJD risks potentially
associated with the transfusion of red blood cells in the U.S.

Issue

FDA seeks advice from the Committee on the inputs, model structure and interpretation of its
draft Risk Assessment for the risk of vCID from red blood cells in the US.

Summary

Variant Creutzfeldt-Jakob disease (vCID) is a fatal human neurodegenerative disease with a long
asymptomatic incubation period. Dietary exposure to beef products from cattle infected with
bovine spongiform encephalopathy (BSE) is the likely cause of human vCJD. Individuals with
symptomatic vCJD infection have abnormal prion protein present in brain and lymphoid tissue.
Infectivity is also present in blood. A total of three symptomatic vCJID infections and one
asymptomatic infection transmitted by red blood cell (RBC) transfusion, as well as one case of
asymptomatic infection linked to use of plasma-derived Factor VIII, have been reported in the
United Kingdom (U.K.) (Llewelyn et al., 2004; Peden et al., 2010; Peden et al., 2004; HPA,
2006; HPA, 2007). ' ‘

Since some U.S. blood donors may have been exposed to the BSE agent during travel or
residence in the U.K. or certain other countries, these individuals may have unknowingly been
infected with vCID. In order to reduce the risk of transfusion-transmitted vCID (TTvCID), FDA
has recommended deferral of certain blood donors with a history of travel to or residence in the
UK. and other countries in Europe (FDA, 2010a). However, some risk to transfusion recipients
remains because of the limitations of deferral policies.

FDA conducted a risk assessment to estimate the probability of vCJID infection and clinical
disease acquired through RBC transfusion in the U.S. In developing its risk assessment model,
FDA used two different values for the assumed prevalence of vCJD in the UK. A high
prevalence input was derived from data on abnormal prion protein reactivity detected in
anonymous tonsil and appendix samples from the U.K., and a low prevalence input was based on
modeling of vCID in the U.K. Results obtained with the FDA model used for risk assessment are
highly dependent on this particular prevalence input. The predicted risk with transfusion of one
RBC unit using the high prevalence input is 1 infected unit in 480,000 units transfused (2.5 to
97.5 percentile: 1 in 4.3 million to 1 in 110,574) and using the low prevalence input is 1 in 134
million (2.5 to 97.5 percentile: 0 to 1 in 8.7 million).

Based upon a comparison of the respective model outputs using the high and the low UK
prevalence estimates against the current epidemiology of symptomatic vCJID infection (number
of reported vCJD cases in the US, and TTvCJD cases in the UK and France), and taking into
consideration current scientific uncertainty regarding the significance of the U.K. appendix data,



FDA believes that the model output based on the low UK prevalence assumption is more likely
than that based on the high UK prevalence assumption to represent the risk of TTvCJD in the
U.s.

FDA seeks the advice of the committee on whether or not the data inputs, model structure,
assumptions, and results are reasonable, and whether they agree with FDA’s interim
interpretation that the risk of TTvCID in the U.S. is likely to be very small. -

Background

Dietary exposure to beef products from BSE-infected cattle is the likely cause of primary vCID
(Bruce et al., 1997; Hill et al., 1997). vCID is a fatal human neurodegenerative disease with a
long asymptomatic incubation time. Individuals with symptomatic vCJD infection have
abnormally folded prion protein (PrPTSE) present in brain and [ymphoid tissue. Infectivity is
also present in blood, given that several cases of TTvCID have been observed in the UK.
Therefore, a blood donor, unknowingly infected with vCJD and healthy at the time of donation,
could potentially donate infectious blood. As of December 2012, a total of 227 vCJID cases have

- been recognized worldwide, of which 176 cases were reported from the U.K. and 27 cases from
France (two French vCJD cases are currently alive). The risk that donors of RBC in the U.S. may
acquire vCJD infection through consumption of U.S. beef is thought to be negligible, because
BSE has been detected in so few U.S. cattle. In particular, there have been only four reported U.S.
cases of BSE: three in U.S.-born cattle and one in a cow imported from Canada (CDC, 2012;
USDA, 2013). In addition, none of the three cases of vCJD recognized in individuals in the U.S.
appears likely to have resulted from U.S. exposure: two cases occurred in long-time UK.
residents and a third occurred in a recent immigrant from Saudi Arabia. However, some U.S.
blood donors might have been exposed to the BSE agent during travel or residence in the U.K.
and other countries with increased BSE risk.

In 1999, consistent with advice from the Transmissible Spongiform Encephalopathies Advisory
Committee (TSEAC), FDA recommended precautionary deferral of blood and plasma donors
who had traveled or lived for six months or longer in the U.K. during the period from the
presumed start of the BSE outbreak in 1980 until the end of 1996, when the UK. had fully
implemented a full range of measures to protect animal feed and human food from contamination
with the BSE agent (TSEAC, 1999). In 2002, FDA recommended enhancing the vCID
geographical donor deferral policy by reducing the time that an otherwise suitable blood donor
might have spent in the U.K. from six to three months (FDA, 2002). FDA also recommended
deferring donors who had spent five or more years cumulatively in France or other countries in
Europe listed by the USDA as either having had BSE or having had a significant risk of BSE,
and donors with a history of blood transfusion in the U.X. afier 1979. In 2010, FDA issued a
revised guidance document to include deferral of blood donors transfused in France since 1980
(FDA, 2010a). . '

No cases of TTvCJD have been identified in the U.S. However, some risk to the recipients of
blood and blood products may exist. From 2003 to 2010, FDA conducted risk assessments for
potential risk of vCJD transmitted via U.S.-licensed plasma-derived products, factor VIII



(pdFVIII) to patients with severe hemophilia A or von Willebrand disease (type-3 vWD) and via
U.K.-manufactured factor XI to a small group of U.S. patients who participated in an
investigational drug study. The risk assessment and their revisions were presented at TSEAC -
meetings in 2006, 2009 and 2010. Based on the results of these risk assessments, FDA concluded
that “the risk of vCJD transmitted via plasma-derived products is highly uncertain, but likely to
be extremely small” (FDA, 2006a; FDA, 2006b; FDA, 2010b). The considerations for the
assessment of vCJD risk for plasma-derived products vary somewhat from those for RBCs.
During manufacturing, plasma from thousands of donors is pooled for processing, and a unit of
plasma from a single infected donor has the potential to contaminate a large batch of product that
may be transfused into hundreds of patients. However, plasma fractionation and other
purification steps significantly reduce risk by removing most of the infectious vCID agent from -
the final purified product. By contrast, the risk from an RBC unit is different because it is not
processed and is collected from a single denor and most often administered to a single recipient.
Thus, the TTvCID risk for an RBC unit is likely to be higher for a single recipient than that for a
~ person treated with a plasma derivative,

Cases of TTvCJD have been documented in the U.K. during the past ten years. A total of three
symptomatic vCJID infections (HPA, 2006; HPA, 2007; Llewelyn et al. 2004) and one
asymptomatic infection transmitted by RBC transfusion (Peden et al., 2004), as well as one case
of asymptomatic infection linked to use of plasma-derived Factor VIII, have been reported
(Peden et al., 2010). In addition to these epidemiologic data, there are also informative data on
the number of individuals potentially exposed to vCID derived from the immunohistochemical
examination of thousands of archived surgical specimens In particular, studies have examined
lymphoid tissues, including tonsﬂ and appendix, since they are known to have detectable
abnormal prion protein (PrP™F) in symptomatic individuals dying with vCJD. An initial study
including 12,674 evaluable appendectomy and tonsillectomy specimens from the U K. found
accumulatmns of the abnormal prion protein in three appendectomy specimens, providing an
estimate of 237 vCJD infections per million population (95% CI 49-692 per million persons)
(Hilton et al., 2004). A further study in 63,007 anonymous tonsil specimens from the UK. found
no abnormal prion protein when screened by a relatively insensitive immunoassay (Clewley et al.,
2009), but reevaluation of a subset of the same tonsil specimens with a more sensitive
immunohistochemical technique yielded an inconclusive positive result (de Marco et al., 2010).
A second appendix survey using immunohistochemistry detected abnormal PrP in 16 of 32,441
U.K. samples, leading to a final mean estimate of 493 possible latent vCJID infections per million
persons (95% CI: 282-801 per million persons) in the UK., (FIPA, 2012).

The significance of the findings from the tonsil and appendix studies is not fully known. The
appendectomy findings may have identified a group of individuals who will eventually develop
symptomatic vCJD after a time to onset dependent, at least in part, on the PRNP codon-129
genotype. Almost all individuals symptomatic with vCID to date have been methionine-
homozygous (MM) at PRNP codon 129. However, one individual of the MV genotype was
diagnosed with vCJD, though tissue never became available to confirm the diagnosis by testing
for PrP™F (Kaski et al., 2009). It is believed that at least some infected non-MM genotypes will
eventually develop vCID later. Since the appendix survey potentially reflects the highest
prevalence of latent infection in the U.K. population demonstrated to date, data from this study
was used in the model presented subsequently as the “high-prevalence” estimate.



Because the data from the appendix survey were de-identified, it is difficult to learn whether any
individuals with abnormal prion protein detected in the appendix later developed symptomatic
disease; preliminary current analysis suggested that none have so far (HPA, 2012). To date,
efforts to transmit vCJID agent from the reactive appendices to experimental animals have not
been informative. In addition, considering the apparent discordant results of the tonsil and
appendix surveys, and given the epidemiology of overt cases of vCID in the U X. to date, it is
possible that the finding of PrPTE in appendices represents cross-reactivity with another protein,
rather than detecting the misfolded PrP generally associated with the infectious TSE agent in

. tissue. Finally, even if appendiceal involvement truly indicates vCJD infection, the time that
must elapse for infectivity to appear and circulate in blood is unknown. Int short, it remains
unknown whether the findings of the UK. appendix survey reliably indicate the true prevalence
of latent vCJD infections in the U.K. population, and if so, how many persons with latent vCIJD
infection will ultimately develop overt disease, or whether the blood of some latently infected
persons contains the transmissible agent. UK, authorities have offered precautionary responses
to each-of those questions (HPA, 2012).

FDA Risk Assessment for Tranémission of vCJD via RBC Transfusion

FDA conducted a risk assessment to explore the potential risk of vCJD transmission through
RBC transfusion. The RBC risk assessment model estimated the annual risk of TTvCID
infections for the year 2011 and the number of infections that may progress to clinical cases in
the future. The risk assessment model also estimated cumulative numbers of infections and
clinical cases for the years 1980 through 2011 resulting from RBC transfusion. To better
understand whether the model used generated reasonable estimates of vCJID infections and cases,
FDA compared the results from the model o the number of observed vCID cases in the U.S. and
the observed TTvCJD cases in the U.K. and France.

L Overview of the FDA Risk Assessment Model

The FDA developed a computer-based simulation model consisting of three modules (Figure 1).
The U.K. vCID prevalence is estimated in Module 1; UK. prevalence provides the foundation of
the model used to generate other critical prevalence estimates. The estimated prevalence is
applied in Module 2 to generate estimates of vCID prevalence for France, for other countries in
Europe and for U.S. military personnel posted to bases in Europe. vCID risk is then estimated for
U.S. blood donors who have traveled to these countries since 1980. The risk for a U.S. blood
donor is calculated as a proportion composed of travel time spent in the destination country
(where the donor may have been exposed to the BSE agent) versus risk for a permanent resident
who is assumed to have lived in the destination country for all 16 years of the whole risk period
(at which point the resident’s risk is equivalent to the country’s vCID prevalence). FDA assumed
the risk period in the U.K. began in 1980, when the epidemic of BSE is thought to have started in
the U.K., and to end in 1996 when strict risk control measurements were rigorously implemented
in the UK. The use of 16 years as the exposure interval for other countries in Europe represents
a simplified approximation, reflecting the belief that the predominant portion of the risk in these
countries had been reduced since 1996 because of the ban on U.K. beef exports and the reduced



risk from U K. beef itself. This proportion is then multiplied by the vCID prevalence for the
country or region to obtain the vCJD prevalence for the U.S. donor. Accordingly, the model
incorporates estimates of vCJD prevalence for the destination country; donor travel data such as
destination, year and duration; and the efficiency of U.S. donor deferral policies in removing
infected donors to generate the probability of vCJD infection of a U.S. blood donor(s). In
Module 3, one model output estimates the number of possible TT'vCID infections among U.S.
RBC transfusion recipients for the year 2011 based on the total annual number of blood
donations and transfusions, amount of blood used per transfusion and the quantity of infectious
agent per unit of blood; a second output provides estimates the number of TTvCJD infections
that may progress to clinical cases (accounting for the incubation period of the disease and post-
transfusion survival of the RBC recipients). Finally, the number of infections for the year 2011 is
extrapolated for the number of infections for the individual year between 1980 and 2011 and
then summed to generate a cumuliative estimate of the number of TTvCJID infections and cases.

Figure 1. Exposure Assessment Model Diagram
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Most model inputs (assumptions) are statistical distributions representing the variability and
uncertainty associated with the input variables. These are shown in Table A-1 of the Appendix.
Many of the input distributions or values used in this risk assessment are the same as those used
in the previous FDA pdFVIII Risk Assessment (FDA, 2010b). However, some inputs have been -
updated based on new scientific research data and information (Table 1). Monte Carlo simulation
was applied to integrate variability and uncertainty of all model inputs by randomly selecting a
single input value from a statistical distribution of each input variable, applying the appropriate
mathematical functions to generate a result for cach iteration or run of the model. The model
was run tens of thousands of times and the results/output was assembled in a final aggregate
distribution. The outputs of the distributions are described using the mean and the 2.5" and 97.5%

percentiles.

Table 1. Summary Update of Input Assumptions for Current FDA RBC Risk Assessment
(2013) from Previous FDA FVIII-vCJID Risk Assessment (2010)

Current Previouns
Input Name FDA FDA Justification
RBC Risk FVIII Risk
Assessment Assessment
(2013) (2010)

UK vOJD 1.7 per million* ~4.5 per million Current Low Prevalence Estimate used in the FDA RBC Risk Assessment

Low Prevalence (0.2-3.7 (2013) used updated epidemiological medel by Garske and Ghani (Garske

Estimate per million) and Ghani, 2010).

Previous FDA FVIII Risk Assessment model (2010) Low Prevalence
Estimate was generated using epidemiological model by Clarke and Ghani
{Clarke and Ghani, 2005).

UK vCID 493 per million* 267 per million * Current High Prevalence Estimate used in the FDA RBC Risk Assessment
High Prevalence (282 - 801 (55-7179 (2013) was updated to include new results from surveys with a much
Estimate per million) per million) larger number of appendices (HPA, 2012b).

Previous High Prevalence Estimate for the FVIII Risk Assessment model
(2010) was generated based on the first appendix study (Hilton et al.,
2004).

Relative risk 10% (of UK) 5% (of UK) Current relative risk for France in the FDA RBC Risk Assessment (2013)

Jor France was updated to reflect the increased rate of cases in France relative to the
UK. Accordingly, we increased the Relative Risk of France to 10% in this
Red Cell Risk Assessment.

Previcus FDA FVIII risk assessment (FDA, 2010b) we assumed the
Relative Risk for France is 5% of the UK risk.

Risk for France 1980 - 2001 1980 - current Current risk for France in the FDA RBC Risk Assessment (2013} was
updated to account for additional BSE and human food safety control
measures implemented in France since 2001 (Afssa, 2007). Accordingly,
we reduced the number of years in the risk window period for France to
include the years 1980 through 2001
Previoﬁs FDA FVIII Risk Assessment (FDA, 2010b) assumed a risk
period for France ranging from 1980 to present.

Incubation period for Lognomn Gamma Current incubation period for primary vCID in MM persons in the FDA

primary vOJID in MM distribution: distribution: RBC Risk Assessment (2013} was updated and the 5% percentile value

Mean=135 years,

Mean=15 years,

was changed based on CDC’s assumption that the minimum incubation




Median=12 years

Median=12 years

period for vCID in MM is 9 years. No Gamma distribution fit the required

5% =9 years, 5%=5 years, mean, medium, 5% and 95%, therefore, the Gamma distribution was
05% =35 years 95%=35 years replaced by Lognorm distribution.
Incubation period for Lognorm Gamma Current incubation period for primary vCJD in non-MM persons in the
primary vCJD in non- | distribution; distribution: FDA RBC Risk Assessment (2013) was updated and the 5 percentile
MM Mean=35 years, ~Mean=35 years, value of 23 years was calculated by summing 9 years (5% for MM) plus 14
Median=32 years Median=32 years years (ihe time delay on the appearance of the first MV case from that of
5" =23 years, 5%=25 years, the first MM case). No Gamma distribution fit the required mean,
95" =55 years 95%=55 years medium, 5% and 95%, therefore, the Gamma distribution was replaced by
Lognomm distribution.
Infection dose in blood | ID per transfused : We recently reported a statistical analysis of published data from sheep
of infected donors unit IDs; per ml blood | transfusion experiments and U.K. Transfusion Medicine Epidemiology
(1 transfused Lognom Review suggesting that the infection dose in infected blood is likely to be
unit=500 ml) distribution lower than previously assumed (Gregori et al., 2011).
Min=0.1
Triangular 5% perc =2 In our FVIII risk assessment we assumed a higher probable dose of
distribution median=12 infectious agent in blood of humans incubating vCJID based on published
(min, most likely, | 95® perc =30 rodent studies, '
max) of Max=1000 )
0.56,0.75,0.96
Donor age 10-year age Agereported ina Donor travel data used in FDA model was collected approximately 10
: shifting to reflect U.S. bleed donor years ago. In Red Cell Risk Assessment donor age was shified by 10 years
aging of the donor | travel survey to reflect current donor age in 2011.
populations conducted in the
year 2000 In previous FVIII Risk assessment model we used donor age reported in

the donor travel survey.

. *mean value with 95% confidence interval in parentheses

Module I- vCJID Prevalence in the UK.

This module estimated vCJID prevalence in the U.K., which in turn was used as the basis for
estimating vCJD prevalences in France and other countries in Europe. These prevalence values
were then used to estimate the risk of vCID infection in U.S. blood donors who traveled to the
U.K., France and other countries in Europe as a proportion based on the time spent in the country
versus a permanent resident who lived for the entire 16 years of the simplified risks period (using
risk period for the UK. 1980-1996 as reference). Because of the considerable uncertainties
associated with estimating vCID prevalence, we derived two estimates of U.K. vCJD prevalence
using two different data sources. The FDA computer model calculated risk outcomes stratified
by these two prevalence estimates. The discrepancy between these two prevalence estimates
contributed the greatest amount of uncertainty tc the final risk estimates — more uncertainty than
for any other parameters used in the model.

Low Prevalence Estimate:
Epidemiological modeling by a U.K. research group (Garske and Ghani, 2010) predicted 100
(95% CI: 11-220) primary cases remaining after 2010. Since 1996 the UK. has implemented a
full range of measures to protect animal feed and human food from contamination with the BSE
infectious agent. Accordingly, FDA assumed no primary vCID infections were acquired in the
U.K. after 1996, and all predicted cases after 2010 were incubating in 2011. Given a total UK.
population of about 60 million, the estimated number of future vCJD cases was translated to a




mean prevalence of approximately 1.7 asymptomatic vCJID infections per million U.K.
population (95% CI: 0.2-3.7 infections per million) in year 2011.

High Prevalence Estimate: _

This estimate is based on the detection of accumulated abnormal prion protein (PrP™") in tissues
of the lymphoreticular system. After an initial finding of three PrP™*E positive appendices out of
12,674 stored tonsil and appendix tissues from U.K. patients in 2004 (Hilton et al., 2004), a
subsequent study tested 32,441 archived appendix specimens and found 16 positive specimens
(HPA, 2012). The prevalence with a mean estimate of 493 infections per million persons (95%
CI: 282-801 per million persons) calculated based on the second study was recently endorsed by
the U.K. Advisory Committee on Dangerous Pathogens TSE Risk Assessment Subgroup {(ACDP

2012).

Module 2- vCJID Prevalence in U.S. Blood Donors and Blood Units

This module estimates the annual number of U.S. blood donors who were at risk of vCID
infection because of travel to the U.K., France and other countries of Europe, who may have
been exposed to the BSE agent, infected with vCID and carried vCJD infectious agent in their
blood at the time of donation. The outcome of the module provides the probability of an

- infectious blood unit entering the U.S. blood supply for transfusion.

First, the module calculated the annual number of U.S. blood donors who were at risk of vCID
infection due to travel to or residence in the U.K., France and other countries of Europe using
data from a blood donor travel survey (TSEAC, 2000). The survey was conducted by American
Red Cross (ARC) in the year 2000, collecting information on blood donors and their history of
travel to the UK., France and other countries of Europe during a risk period between 1980 and
1996 (TSEAC, 2000). FDA modeled risk for four groups of U.S, donors: (1) donors who
traveled to or lived in the UK. during the years 1980~1996, (2) donors who traveled to or lived
in France during the years 1980-2001, (3) donors who traveled to or lived in other countries in
Europe since 1980, and (4) donors deployed to a U.S. military base in Europe during the years
1980-1996.

Second, the module calculated the risk of vCJD infection of U.S. donors based on their age,
destination, year and duration of travel. The module integrated estimates of UK vCID prevalence
(from Module 1) and the relative risk for France, other countries in Europe, and U.S. military
personne] posted to bases in Europe (relative risk for UK, France, other countries in Europe and
military bases are 1, 0.1, 0.015 and 0.35, respectively) to derive the vCJD prevalence for the

different at-risk countries. Relative risk of specific at-risk countries was determined based on
factors such as the number of reported vCID cases in humans, the amount of beef imported from
the U.K., the number of domestically acquired case of BSE in cattle, and other factors (TSEAC,
1999). The model allocated risk to each individual year in the 16-year risk period (1980- 1996)
for the U.K. by assuming that the risk of exposure in a specific year was in proportion to the
number of BSE cases reported in that year. The model further assumed that the risk of exposure
was in proportion to the duration of stay in the at-risk countries, and that donors who had



curnulative stays of 5 years or longer in an at-risk country during the years between 1980 to 1996
had the same risk as a full-time residents of that country.

Third, the module calculated the total number of infected donors, the number of donors whose
blood contained infectious vCID agent at the time of donation and the probability that a blood
unit might have contained the infectious agent in 2011. The FDA model assumed vCID agent
most likely first appears in the blood of infected persons during the last 75% of the incubation
period (that is, after 25% of the incubation period has elapsed). The infectivity might first appear,
at the earliest, during the last 90% of the incubation period (that is, after 10% of the incubation
period has elapsed) and at the latest after 50% of the incubation period has passed. Therefore,
only a portion of infected donors may actually have infectious agent in their bloed at the time of
donation. The model also incorporated the risk reduction effect of FDA’s recommended donor

. deferral policies. The FDA model assumed the efficiency of the donor questionnaire to identify
at-risk donors (and remove them from the donor pool) to range from 85% to 99%. The vCID
donors who actually donate were either not deferred by current FDA recommendation because of
limitations in the screening such as short-term travel that falls below FDA guidelines or fallure to
recall travel, among other explanations.

Module 3- vCJID Infections and Cases in the U.S. via Blood Transfusion

Incorporating data and information on U.S. blood donation and transfusion (Anderson et al.,
2007; HHS, 2009), this module calculated the probability a U.S. RBC recipient would receive a
RBC unit containing an infectious dose based upon the estimated vCJID prevalence in the U.S.
blood supply (calculated in Module 2). As explained in a published analysis of data from the .
U.K. Transfusion Medicine Epidemiological Review (TMER, 2013), FDA assumed that a unit of
infections RBC would likely contain a mean of 0.75 infectious doses (ID) with a range of
between 0.56 and 0.96 ID (Gregori et al., 2011). The module calculated the annual number of
TTvCID infections acquired in the year 2011 and further calculated the number of these
infections that may progress to clinical cases after adjustment for post-transfusion survival.
Extrapolating from the incubation time for the development of vCJD following consumption of
BSE-contaminated beef, FDA assumed the incubation period for TTvCID in persons of the MM
genotype as a mean of 10 years with a range of 6-20 years, the incubation period for TTvCID in -
persons of the non-MM genotype being a mean of 20 years with a range of 16-30 years. Infection
~ was assumed to progress to an overt clinical case of vCID only when patient’s survival exceeds
the incubation period.

The module also calculates the cumulative number of TTvCID infections acquired since 1980
and the cumulative number of TTvCID clinical cases that should have been observed (Figure 2).
FDA assumed there was a three-year delay in the appearance of infectious agent in the blood of
an infected person from the time of infection (since it is assumed that infectious agent does not
appear in blood until 25% of the 12-year median incubation period has elapsed). TTvCJID risk
emerged in the U.S. in year 1983 (three-year delay from beginning of risk of BSE exposure in
1980), peaked in 1999 (three-year delay from 1996, the end of risk period for food-borne vCID
in the U.K.), was reduced by approximately five-fold (as indicated by model result) after 1999
because of implementation of current donor deferral policy (80% risk-reduction provided by
donor deferral), and then remained unchanged after 2000. The total cumulative number of



TTvCJD Risk

clinically overt TTvCID cases expected to have been observed during the years 1980 through
2011 was calculated (taking into account the incubation period of TTvCJID and post-transfusion
survival rate). '

Figure 2 Graphic Representation of Calculations Used to Estimate Cumulative Risk for
"TTvCJD in the U.S, During the Years 1980 Through 2011
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II. Model Outputs for U.S. Risk of TTvCJD

The FDA RBC risk assessment estimates the potential number of vCJD infections acquired
through RBC transfusions in the U.S. during the year 2011, and the number of those infections
that progress to clinical cases. The risk assessment also estimates the total number of cumulative
vCJD infections predicted to occur between 1980 and 2011 and the number of clinical cases

predicted to occur by 2011. The mean, 2.5" and 97.5" percentile values shown in Table 2 briefly
summarize of the aggregate output distributions generated by the model.

10



Table 2. Model Results Showing the Mean vCJD Infection Risk per RBC Transfusion, the
Mean TTvCJD Risk for the Year 2011 and the Total Mean Cumulative Risk for the Years
1980 Through 2011 in the U.S. (2.5™-97.5" percentiles shown in parentheses).

Annual risk Cumulative risk
(2011) 1980-2011
Risk per RBC Infections - Clinical Infections Clinical
transfusion cases cases
Low 1 in 134 milli 0
prevalence ('8 o1 Elgj;’n 00y 0 0.8 0
per million)
High . .
prevalence L in 430,000 6 1 210 9
(1 in 4.3 million to
(493 1'in 111,000) (0-27) - (0-5) (0-942) (0-47)
infections
per million)

*The (2.5"-97.5™) values of (0,0) indicate that the predicted risk is zero or nearly zero. Specifically, for
at least 97.5% of the model runs there are zero infections or clinical cases predicted.

Using the low vCID prevalence assumption, the model estimated that the chance of receiving an
infected unit in a transfusion is a mean of 1 in 134 million. The estimate with the high vCID
prevalence assumption resulted in a mean of 1 in 480,000. The mode! also estimated an annual
risk of zero TTvCJD infections for the year 2011 with the low prevalence scenario and six
TTvCID infections with the high prevalence scenario. The TTvCID infections acquired in 2011
would lead to 0 and 1 clinical case for low and high prevalence estimates, respectively. The
model also estimated a mean of approximately one cumulative infection and zero clinical cases
when the low prevalence estimate was used, and a mean of 210 mfectlons and 9 possible clinical
cases when the high prevalence estimate was used.

I Model Validation: Model Predictions versus Observed cases
1. Primary vCJD cases in the U.S.

To better understand whether the model used generated reasonable estimates of vCJD infections
and cases, we compared the results from the model to the number of observed vCJD cases in the
U.S. For this model validation, we extrapolated model results for the number of vCID cases
predicted for the U.S. blood donors and adjusted the number to reflect the larger general U.S.
populaticn. We then predicted the total cumulative primary vCJID cases in the U.S. population
since 1980 to compare with number of cases actually observed. Three vCID cases have been
reported in the U.S. since 1980. Based on their history of residence, CDC attributed all three
cases to infection acquired outside the U.S. (CDC, 2010). The model predicted cumulatively a
mean of one case of vCJD in the U.S. since 1980 when the low prevalence estimate was used and
256 cases when the high prevalence estimate (Table 3) was used. The model predictions derived
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using the low prevalence estimate was generally consistent with the three vCJID cases actually

reported in the U.S. to date; using the high prevalence estimate, the model predicted many more

overt clinical cases than have actually been observed.

Table 3. Observed and model-Predicted Mean Numbers of vCJD Cases in the UsS. (2.5
97.5™ percentiles shown in parentheses)

Observed cases®

Model Prediction (cases)

Low Prevalence Estimate
(1.7 infections

High Prevalence Estimate
(493 infections

per million) per million)
3 . 1 256
(0-8) (0-528)

*Note that CDC atiributed all three cases to infection acquired outside of the U.S.

2. TTvCJID Cases in the UK. and France

We further used the model to predict the numbers of cumulative TTvCJID cases in the U.K. and
France for the years spanning 1980 through 2011 and compared the model predictions with
observed numbers of TTvCID cases reported in these two countries. Three clinical vCID cases
associated with blood transfusion have been identified in the U.K., and zero cases have been
reported in France. For the years 1980 through 2011 the model predicted means of one and 289
cumulative TTvCJD cases for the U.K.; and zero and 33 cases for France using the low and high
prevalence estimates, respectively (Table 4). Using the low U K. prevalence estimate, the FDA
model predicts numbers of cases of TTvCID in the U K..and France that are generally consistent
with reported numbers of cases; the high U.K. prevalence estimate causes the model to
overestimate greatly the number of clinical cases of overt vCJID attributed to transfusion to date.

Table 4. Observed and model-Predicted Mean Numbers of TTvCJID Cases in the U K. and
France (2. 5t 97 5t percentiles shown in parentheses)

Observed Model Predictions (cases)
cases Low Prevalence Estimate | High Prevalence Estimate

(1.7 infections (493 infections
per million) per million) °

3 i 289

UK. (0-7) (3-925)
0.2 33
France 0 (0-0)* (0-0)*
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*The (2.5-97.5"™) values of (0,0) indicate that the predicted risk is zero or nearly zero. Speciﬁcally, for at
least 97.5% of the model runs there are zero infections or clinical cases predicted

IV. Importance/sensitivity Analysis

An importance analysis was conducted to determine which inputs in the FDA RBC risk
assessment model would have the largest impact on the model estimates of risk. The output
variable selected for the importance analysis was the annual number of infections in the U.S.
during the year 2011. Six input variables selected were the following: the U.K. vCID Prevalence,
Efficiency of Donor Screening, Infectious Dose (ID) in a unit of RBCs, Incubation Period
Primary vCJD PRNP-129 MM genotype, Incubation Period when Blood is Infectious, and
Incubation Period Primary vCID PRNP-129 non-MM genotype. The statistical distributions of
these model inputs were generated using assumptions based on limited data and information for
human vCJID, published findings for other TSEs or other animal models; accordingly, they are
less certain than the other model inputs. The importance analysis was conducted using Monte
Carlo simulation sequentially varying each of the inputs from a low value to a high value while
randomly selecting values of other inputs from statistical distributions. The low and high values
of the inputs were the 2.5™ and 97.5™ percentile of input distributions used in FDA RBC risk
assessment (sec Table A-1 in the appendix). The variation between the results obtained for the

~ low and high values were aggregated by input variable and plotted as a tornado chart (Figure 3).
The results of the importance analysis indicated that the model input for the UK. vCID
prevalence estimate had the greatest impact on the model estimation of the annual number of
vCID infections in the U.S. in year 2011. The risk driver of next greatest impact is the efficiency
of donor screening. ‘ :

Figure 3. Importance Analysis: Impact of Input Variables on the Model Qutputs for the
Annual Number of Infections in U.S. Donors in 2011

|
Kprevaience

Efficiency of donor screening

Incubation period PRNP-129 non-MM genotype

Incubation period when blood is infectious

]

Infectious Dose per RBC unit -
o
_
1

Incubation period PRNP-129 MM genotype

0 2 4 6 8 10
‘Predicted annual number of vCID infections in 2011
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V. Uncertainties and Data Gaps

The largest uncertainty in this RBC risk assessment is associated with the estimates of U.K.
vCID prevalence. There is a large discrepancy between the low and high prevalence estimates
used in the model, and both prevalence estimates have their limitations. The low prevalence
estimate was calculated based on estimates of the future number of vCJD cases in the UK. as
predicted by an epidemiological model (Garske and Ghani, 2010) under many simplifying
assumptions. Although these simplifying assumptions are a necessary part of vCJD case
estimation efforts, they contribute considerable uncertainty to the final number of cases
estimated by the model. Since the low prevalence estimate was derived based on modeling of
vCJID cases, it is perhaps not surprising that it more accurately “predicted” the number of overt
clinical cases observed. The high prevalence estimate, calculated using data from the appendix
tissue surveillance study (HPA, 2012), also has its limitations. Among others, one major .
limitation is that neither the sensitivity nor specificity of the immunohistochemical tissue testing
method used to identify persons who might be infected with the vCJD agent has been well
established. In order to reduce the uncertainties for the very different U.K. vCJD prevalence
estimates used in our model, more studies are needed to understand variations in infection and
eventual progression of infections to cause overt vCJD. Many questions remain unanswered.
These include the features associated with susceptibility of the human population and
subpopulations to vCJD infection and disease, duration of the incubation period, and the
dependency of susceptibility and incubation period on the age and genotype of persons exposed
to the agent. This information is critical to reconcile prevalence estimates from the
ep1dem1olog1cal model and tissue studies and for determining which of the two prevalence
estimates more accurately reflect TTvCID risk and should be used in risk assessment to support
risk management decisions.

VI. Discussion

At first glance, the FDA risk assessment and the recently revised analysis by the UK Department
of Health’s Health Protection Analytical Team (HPA, 2013) might seem to have yielded quite
different estimates for the future likelihood of transfusion-transmitted vCJD in the UK and US.
The apparent differences largely result from different approaches we took to deal with the
apparent inconsistency between (1) a high prevalence of latent vCJD infections in the UK
implied by results of the PrP™5E appendix survey, and (2) the actual number of clinically overt
cases of foodborne cases of vCID observed to date in the UK, France and the US and the
absence of TTvCJID cases reported from France. It is clear to both FDA and UK authorities that
the population of potentially vCJD-infected persons detected by the UK appendix survey (none
of whom have been diagnosed with vCJID to date) must differ significantly from the population
of 173 cases of overt vCID (all of whom have died by the end of 2011). UK authorities
responded by “calibrating” their risk assessments to accept the results of the appendix survey as
possibly reflecting the true prevalence of latent vCID infection but proposing several scenarios
involving new assumptions (e.g. a small percentage of short incubation periods among infected
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persons with the MM phenotype at PrP codon 129; or variable susceptibility to disease) that
might explain the limited numbers of cases actually observed—an understandable precautionary
approach, considering that the UK must confront a worst-case scenario in which many blood
recipients may have already been exposed to the vCID agent and others might be exposed in
future transfusions. FDA’s approach to resolution of the same inconsistency consisted in
provisionally concluding that the possible worst-case prevalence (based on the UK appendix
survey) is less likely than the substantially lower prevalence (based on clinical modeling of the
UK epidemic), because the lower prevalence remains more consistent with cases observed to
date. FDA nonetheless considers it prudent to keep an open mind about the true prevalence of
latent vCID infections in the UK and therefore potentially in the US. Biological explanations for
this discrepancy; while credible, are speculative at this time. Also, we await a future
determination of the specificity of the immunohistochemical test for PrP™E used in the UK
appendix survey (a major technical limitation of which has been a lack of control appendix
samples from a low-risk population). FDA also intends to run the model using assumptions
modified as suggested by the UK scenarios.

Conclusions

For U.S. blood donors, the FDA model assumes that the major source of vCID risk is dietary
exposure during travel or residence in the UK., France, or other countries in Europe since 1980.
Donor deferral criteria, in place since 1999, are believed to have removed approximately 80% of
the risk from donations by vCID-infected persons. However, some infected donors are probably
not deferred and might donate an RBC unit that could potentially transmit vCID to a recipient.
The FDA risk assessment model provides only an approximate estimate of the vCID risk to
individual transfusion recipients and the recipient population as a whole. Analysis of the risk
assessment model indicates that the largest amount of inherent uncertainty comes from the
estimate of U.K. vCJD prevalence. Based upon a comparison of the results of the high and low
prevalence risk estimates with the current epidemiology of symptomatic vCJID infection, and
taking into consideration current scientific uncertainty regarding the significance of the UK.
appendix data, FDA. believes that the low prevalence risk model is more likely than the high risk
model to be predictive of the risk of TTvCID in the U.S. This supports the interpretation that the
risk of vCID from red blood cells in the U.S. is likely to be very small. However, given the
current state of TSE science, estimates of the probability of vCID infection or illness arising
from exposure to the vCJD agent are still highly uncertain. This risk assessment nonetheless
provides a platform for discussion of the research needed to improve model-based estimates of
risk, evaluation of risk control measuires, as well as risk communication that appropriately

- conveys the probabilities of the risks and the associated uncertainties.

Questions for the Committee
1. Does the Committee agree that the FDA Risk Assessment Model is structured appropriately?

Please comment on any specific modifications to the model structure that FDA should
consider.
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2. Does the Committee agree with the inputs and assumptions used in the FDA Risk

Assessment Model?
Please consider any specific inputs or assumptions that FDA should consider.

3. Does the Committee agree that the validation exercises (predictions of primary vCJD case in
the U.S. and TTvCJD cases in the U.K. and France) support FDA’s conclusion that outputs
of the FDA risk model based upon the low prevalence estimate of vCID in the UK. is likely
to be more reliable than those based on the appendix survey?

4. Does the Committee agree with FDA's interpretation that the risk of TTvCJD in the U.S,,

while highly uncertain, is likely to be very smali, based upon the results of the Risk
Assessment Model in the context of other available evidence?
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Table A-1. Major input distributions used in exposure assessment model.

APPENDIX

military bases in Europe

Variable name and description Type of Value and range Reference
distribution or
estimate used
Prevalence estimates of vCJI) in the UK .
1. Low vCID Case Prevalence (Pvycm.ux:) Triangular Mean= 1.7 cases/million, (Garske and
distribution 95% CI=0.2-3,7 cases/million Gharni, 2010)
2 HighvCJID Infection Prevalence (Pviemayk: Mean= 493 cases/million,
(20-30ym0)) Triangular 95%CI1=282-801 cases/million | (Hilton, 2004;
distribution HPA, 2012)
RRyx: Relative vCID exposure risk in the UK Point estimate 1 (Williams, 2004)
RRrg: Relative vCID exposure risk in the France Point estimate 0.10 {(Williams, 2004)
RRzv: Relative v€JD exposure risk in the other Point estimate 0.015 (Williams, 2004)
countries in Europe
RRpop: Relative vCID exposure risk in the US Point estimate 0.35 {(Williams, 2004)

Npr.ust Annual number of blood donations in the US | Normal- Mezn=17 million (HHS, 2009)
distribution SD = 189,000
Ppr.us.: Percentage of donors per US donor age group | Age specific (Forshee and
percentage Walderhaug,
2009)
Npnpy-uset Average number of donations per U, Age specific rate Min=1, Mean=1.4, max=1.5 (HHS, 2009)
blood donor per year '
IPyn: vCID Incubation time for primary case with Lognorm Median=12 years, (Collinge et al.,
the MM genotype distribution 90%CI=9-35 years 2006; Garske and
Mean=15 years Ghani, 2010,
Ghani et al., 2003)
IPpv, IPvy: vCID Incubation time for primary case Lognonm Median=32 years (Collinge et al.,
with the MV and VV genotype distribution 90%CI=23-55 years 2006}
Mean=35 years
TPpat Percentage of late incubation period start Triangular Min=50%, Most likely=75%, (Houston et al,,
having infectious agent present in blood distribution Max=90% 2008)
Percapy: Percentage of UK population who are MM Point estimate 40% (Alperovitch et al.,
penotype 1999)
Percyy: Percentage of UK population who are MV Point estimate 50% {Alperovitch et al,,
|_genotype 1999)
Percyy: Percentage of UK population who are VV Point estimate 10% (Alperovitch et al,,
genotype ) 1999)
Rse: Efficiency of US donor screening Uniform Min=85%, Max=99% (TSEAC, 2005)
Nrrus: Annual number of blood transfusions in the Mormal Mean=3.8 million, {Anderson et al,,
US (million) distribution 95%C=3.54.0 2007; HHS, 2009)
Nu.rpast Number of blood units per transfusion in the | Empirical 95%CI=3.8-4.0 {Anderson et al.,
us discrete 2007)
distribution
ID: Infectious doses in RBC unit Triangular Min=0.56, Mean=0.75, {Gregori et al.,
distribution Max=0.96 2011)
ISt vCID Incubation time for secondary Triangular Min=6 years, mean=10 years {Bennett P and
transfusion-transmitted case with the MM genotype distribution and Max=20 years Daraktchiev M,
2011)
1Spev, I8vv: vCID Incubation time for secondary Triangular Min=16 years, mean=20 years | {BennettP and
transfusion-transmitted case with the MV and VV distribution and Max=30 years ’ Daraktchiev M,
genotype 2011)
Sw: Post-transfusion survival rate Function of 0.61 - 0.028 x Yearyos. wanstision Regression model
number years afer derived from UK
transfusion data (Bennett P
(Yearpsarnstusion) and Daraktchiev
M, 2011)
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Médicaments Dérivés du Sang - LFB Biomédicaments - Rappe! de lots
06/03/2013 :

MED13 / BOO6

Le laboratoire LFB BIOMEDICAMENTS procade, & ia demande de YANSM, au rappel des lots des
médicaments dérjivés du sang (MDS) mentionnés ci-aprés issus du plasma d’un donneur de sang ayant
développé un cas probable de maladie de Creutzfeldt-Jakeb sous sa forme sporadigue.

Ce rappel est effectué par mesure de précavtion dans le cadre de [a politique de sécurité transfustonnelle.

Aucun cas de transmission de la forme sporadigue de la maladle de Creutzfeldt-lakob par les MDS n'a été
rapporté. En outre, les procédés de fabrication des MDS comportent des étapes considérées comme
efficaces pour Félimination des prions.

Conformément 2 la clrculalre DGS/$Q4n°98/231 du 9 avril 1998, un tel rappel n'appelle pas une
information nominative, telle gue prévue par l'article L 1111-2 du code de la santé publique, des patlents
ayant regu les produits des lots concernés par le rappel. En effet, la transmission par les médicaments
dérivés du sang de la forme sporadique de la maladie de Creutzfeldt-Jakob constitue en I"état actuel des
connaissances scientifiques un risque théorique et non pas un risque nouveau avéré et identifid.

Liste des lots cancernés par le rappel LFB BIOMEDICAMENTS du 6 mars 2013 :

o Vialebex 40 mg/ml - 20g/500 mi - Code CIP 3400956446827
Lot 112001105 (Exp : 04/2013)

o Vialebex 50 mg/ml - 25g/500 m} - Code CIP 3400957010782
Lot : 12101291 (Exp : 10/2013
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Babesia microti real-time polymerase chain reaction testing of
Connecticut blood donors: potential implications for
- screening algorithms

Stephanie T. Johnson, Eric R. Van Tassell, Laura Tonnetti, Ritchard G. Cable, Victor P Berardi, and
David A. Leiby

BACKGROUND: Babesia microli, an intraerythrocytic
parasite, has been implicated in transfusion transmis-
sion. B. microfi seroprevalence in Connecticut (CT)
blood donors is approximately 1%; however, it Is not
known what percentagé of donors is parasitemic and
poses a risk for transmitting infection. Therefore, we
determined the prevalence of demonstrable B. microti
DNA in donors from a highly endemic area of CT and
compared observed rates with concurrent immunofluo-
rescence assay (IFA) testing results.

STUDY DESIGN AND METHODS: Blood samples from
consenting donors in southeastern CT were collected
from mid-August through early October 2009 and tested
by IFA for immuncglobulin G antibodies and real-time
polymerase chain reaction (PCR) for B. microti DNA.
IFA specificity was determined using blood donor
samples collected in northwestern Vermont (VT), an
area nonendemic for Babesia.

RESULTS: Of 1002 CT donors, 25 (2.5%) were IFA
positive and three (0.3%) were real-time PCR positive.
Among the three real-time PCR—positive donors, two -

were also IFA positive, while one was IFA negative and -

may represent a window period infection. The two IFA-
and reai-time PCR—posiiive donors appeared io subse-
qguently clear infection. The other real-time PCR-
positive donor did not provide follow-up samples. Of
1015 VT donors tested by IFA, only one (0.1%) was
positive, but may have acquired infection during travel
to an endemic area.

CONCLUSION: We prospectively identified several
real-time PCR-positive blood donars, including an 1FA-
negative realtime PCR-posilive donor, in'an area
highly endemic for B. microti. These resulis suggest the
need to include nucleic acid testing in planned mitiga-
tion strategies for B, microfi,

abesia microti, an intraerythrocytic protozoan

parasite transmitted by the black-legged tick

(Ixodes scapularis), is the primary agent of

human babesiosis in the United States. The
white-footed mouse, Peromyscus leucopus, serves as the -
reservoir host for B. microti, while infection in humans is
incidental and usually asymptomatic. However, certain
populations, including the immunosuppressed, splenec-
tomized, and/or elderly, are more likely to develop severe
disease. Clinical manifestations of babesiosis may include
fever, chills, sweating, myalgias, fatigue, hepatosplenom-
egaly, and hemolytic anemia! During the past three
decades, B. microti has emerged as a significant blood
safety concern as asymptomatic blood donors can trans-
mit the parasite through blood donation to susceptible
blood recipients.? Indeed, B. microti has been implicated
in more than 159 cases of transfusion-transmitted Babesia
(TTB) since 1979.*% ’

ABBREVIATIONS: ARC = American Red Cross;

CCT = chaperonin-containing t-complex polypeptide;
CT = Connecticut; ID = identification; IFA=
immunofluorescence assay; TTB = transfusion-
transmitted Babesia; VT = Vermont.
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In 87% of the reported TTB cases, a donor residing in
an endemic area was implicated as the source of infec-
tion.? However, donor follow-up in TTB case investiga-
tions does not frequently identify a parasitemic donor due
to the length of time it takes for follow-up and clearance of
infection by the donor.® A longitudinal study of seroposi-
tive donors by the American Red Cross (ARC) revealed that
only 18 of 115 (21%} enrolled donors had evidence of para-
sitemia {i.e., B. microti DNA) when assessed on follow-up
samples, but no polymerase chain reaction {(PCR) testing
was performed on the index donation (D.A. Leiby, unpub-
lished data), These longitudinal investigations revealed
that some seropositive donors dermonsirated evidence of

parasiternia for up to 8 months after enrollment. However, -

it is not known what percentage of donors have demon-
strable B. microti DNA at the time of donation and conse-
quently pose a risk for transmitting Babesia to blood
recipients.

As part of an ongeing research study conducted in the
Connecticut (CT) Region of the ARC (D.A. Leiby, unpub-
lished data),5” the seroprevalence of B. microti in blood
donors has been established by indirect immunofiuores-

‘cence assay (IFA) over a 1Q-year period as 1.1%.* The

current study was designed to ascertain the frequency of
parasitemic donors, as detertnined by prospective real-
time PCR testing of donors from an area of CT previously
identified as highly endemic for B. microti and compare
the results to observed IFA titers. An additional goai of the
study was to identify the presence of potential window
period infections (i.e., IFA negative and real-time PCR
positive) in blood donors. We anticipate that the results
may have implications for future testing interventions
designed to prevent TTB.

MATERIALS AND METHODS

Donor enroliment and sample collection

During the time frame from August 17 through October
12, 2008, bloed donors from drives in Middlesex and New
London Counties, CT, were selected for enrollment in the
" study. These counties were chosen because they were pre-
viously identified as having the highest seroprevalence
rates for B. microti and therefore would likely be the most
producnve for identifying parasitemic donors.® Similarly,
the collection dates were chosen because they occurred
during the peak period of tick activity (May through July
for nymphs, August through October for adults) thereby
enhancing the likelihocod of identifying parasitemic
donors. Donors at selected blood drives were provided an
information sheet that described B. microti, the research
study, and the risks and benefits of participating. Donor
consent was documented by the signature on the blood
donation record and donors not wishing to participate
remained eligible for blood donation. Blood samples were
drawn from the predonation sample pouch of consenting
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eligible donors using ethylenediaminetetraacetic acid
(EDTA) tubes, and the samples were subsequently tested

‘by IFA and real-time PCR for B. microti. Positive donors,

by either or both tests, were notified by letter and/or
phone of test results and that they would be deferred for
an indefinite period, and associated blood products were |
discarded. All aspects of this study were reviewed and
approved by the ARC's Institutional Review Board,

For the purposes of IFA specificity determination,’
blood donors from drives in several Vermont (VT) counties
surroundipg Burlington {Grand Isle, Franklin, Lamoille,
Washington, and Addison) were enrolled in the study from
May 18, 2008, through September 10, 2009. Northwestern

VT counties were chosen because the population was

expected to have limited exposure to B. microti based on
the absence of Babesia case reports from this region to the
VT State Health Department and geographic and climatic
conditions (i.e., high elevation and noncoastal area) that
we considered unfavorable for survival of the parasite.!®
The proximity of the neighboring counties to the ARC's
Burlington Blaod Center allowed for timely shipment of
EDTAblood samples for testing. Consent, notification, and
deferral of donors and the disposal of associated blood
products were performed as described above.

Serologic testing

Serologic testing was performed using an IEA for immu-
noglobulin (Ig)G antibodies to -B. microti, as per the
manufacturer's instructions (Focus Technologies, Inc.,
Cypress, CA), with a positive titer cutoff of at least 64. In
general, IFA testing for B. microti utilizes slide wells coated
with B. microti-infected hamster red bloed cells as the
antigen source. Briefly, plasma samples obtalned from
EDTA collection tubes were diluted 1 to 64 in phosphate-
buffered saline (PBS) and 20 pL was added to each slide .
well containing fixed B. microti antigen and incubated at
37°C for 30 minutes in a humid chamber. After incuba-
tion, slides were washed for 10 minutes in PBS by agita-
tion, -rinsed in distilled water, and air-dried. Diluted
fluorescein-labeled goat -anti-human IgG conjugate
(Focus Technologies) was added to each well and again
incubated at 37°C for 30 minutes in a humid chamber.
Slides were then washed for 10 minutes in PBS by agita-
tion, rinsed in distilled water, and air-dried, Samples were
examined by fluorescence microscopy at 400x magnifica-
tion, considered positive at 64 or greater, and titered to
endpoint. Appropriate negative and positive controls were

_included in all IFA testing. Samples were aliquated,

labeled with a study identification {ID) and sent to
Imugen, Inc. (Norwood, MA) for real-time PCR testing.

'Real-time PCR tesfing

Testing for B. microti DNA was performed at Imugen, Inc.,
using a real-time fast PCR method employing primers and
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labeled probes targeting the B. microti 185 ribosomal RNA
gene.!! DNA was extracted from whole blood utilizing an
automated magnetic bead-based isolation and purifica-
tion system. Controls for each amplification plate within a
run consisted of a template negative, a high template
countt, a low template count, and a reagent control.
Results were considered positive if B. microti DNA ampli-
fication was repeatedly detected (CT = 45) in one or more
PCR amplifications from a replicate extraction of the
donor blood sample.

To control for environmental amplicon contamina-
tion, B. micreti 185 PCR-positive whole blood samples
were reextracted and retested by real-time PCR employing
primers and labeled probes coding for the chaperonin-
containing t-complex polypeptide (CCT), a template not

previously targeted or amplified in the testing facility. A |

positive finding was defined as amplification (CT = 45} in
one or more replicate extractions. Further technical
details of the assays are proprietary.

Statistical analysis

Statistical comparisons were performed utilizing the chi-
square and/or Fisher's exact tests. A p value of less than
0.05 was considered significant.

RESULTS

A total of 1002 CT blood donors were tested by IFA and
real-time PCR for evidence of exposure to B. microti; 25
(2.5%) tested positive by IPA, while three (0.3%) tested
positive, by real-tme PCR and were confirmed when
- retested by the CCT real-time PCR (Table 1). Two of the
three real-time PCR-positive donors were also IFA posi-
tive, while one real-time PCR-positive donor was IFA
negative. Nine of the 26 (34.6%) donors that were found

positive by either IFA and/or real-time PCR had previously .

tested negative by IFA through the earlier seroprevalence
study. A total of 25 previous samples were collected from
these nine donors; the number of samples from each
denor ranged from one to six. Two of these nine donors
had tested seronegative just 16 weeks before their positive
test result, while the seronegative status for the remaining
seven donors was last documented 1.5 to 7 years previ-
ously (Table 2). 4

Six (2.3%%) seropositive donors, of 261 tested, were
identified in August, and 17 (2.8%), of 607, in September,
but only twe (1.5%), of 134, in October. All three real-time
PCR-positive donors were identified in samples collected
on or before September 1 (Fig. 1). Of the 1002 donors
tested, 55% were male and the age range of the seroposi-
tive donors was 18 to 76 years old, with a median age of 46;
seronegative donors ranged from 17 to 84 years old, with a
median age of 48. Ten of 447 (2.2%) female donors tested
were seropositive and 15 of 555 (2.7%) male donors were

TABLE 1. Date of collection, IFA titer,
and real-time PCR results for
B. microti-seropositive donations
Real-time CCT real-time
Date of collection 1FA titer PCR PCR"
08-17-2009 1:256 Positivet Positive
08-25-2008 1:1024 Negative
08-25-2009 ‘ 1:64 Negative
08-25-2008 1:256 Positived Positive
08-26-2008 1:64 Negative
08-27-2009 1:128 Negative
09-01-2008 1:64 Negative
09-01-2008 1:128 Negative
09-01-2009 1:64 Negative
08-01-2009 1:64 Negative
08-01-2009 1;i28 Negative
09-01-2009 ~ 1128 Negative
09-01-2009 <1:64 Positive§ Pesitive
09-09-2009 1:64 Negative
09-08-2008 1:64 .Negative
09-09-2009 1:128 Negative
09-16-2009 1:256 Negativa
09-16-2009 . 1:256 Negative
09-16-2009 1:512 . Negative
09-22-2009 1:128 Negative
09-23-2009 1:128 Negative
09-29-2009 1:256 Negative
09-29-2008 1:64 Negative
089-30-2009 1:64 Negative
10-05-2009 1:64 Negative
10-12-2009 1:64 Negative
* CCT resgl-time PCR was only performed on samples identified
as positive by standard real-time PCR.
1 Sample |D 09-0922.
1 Sample |D 09-0926.
§ Sample ID 09-0936.

seropositive, There were 111 first-time donors tested and
four (3.6%) were seropositive, while 891 repeat donors
were tested and 21 (2.4%) were seropositive. Although
blood drives selected for this study were held only in
Middlesex and New London Counties, CT, donors did not
necessarily reside within these two counties. Fifteen
percent (147/1002) of the donors that were tested resided
outside the selected geographic area and accounted, for
8% (2/25) of the seropositive donations. No significant dif-
ferences were found when comparing any of these groups
by serostatus (i.e., seropositive vs, seronegative).

Of the two IFA-positive and real-time PCR—positive
blood denors, the first was a 44-year-old female repeat
blood donor, while the second was a 70-year-old male
repeat blood donor. Based on subsequent follow-up
testing, both donors lost their real-time PCR—positive
status 6 to 7 weeks after the index donation, but were
documented to rernain IFA positive for 4 to 6 months, after
which time their antibody titers returned to baseline
(Fig. 2). The third real-time PCR-positive donor, a 57-year-
old male repeat donor, was [FA negative; however, we were
unable to obtain follow-up samples from this donor.

A total of 1015 blood donors from northwestern VT
counties were tested during the study period with one
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JOHNSON ET AL.

TABLE 2. Previous IFA test results for nine [FA-
and/or real-time PCR—positive donhors
Registration iFA Babesia Babesia
Study ID date titer IFA test real-time PCR
08-0922 8/2/2004 NA Negative  NA
8/17/2009 256 Positive Positive
09-0826 6/18/2001 NA Negative NA
9/5/2001 MNA Negative NA
8/2/2004 NA Negative NA
12/27/2005. NA Negafive NA
2/27/2006 NA Negative NA
2/25/2008 NA Megative NA
8/25/2009 256  Positive Positive
08-0927 6/11/2002 NA Negative NA -
10/7/2002 NA Negative  NA
8/26/2009 64 Positive Negative
09-0029 10/8/2001 NA Negative  NA
9/2712004 NA Negative  NA
11/29/2004 NA Megative  NA
111412005 NA Negative NA
5/12/2008 NA Negative  NA
9/1/2008 64 Positive Negative
08-0931 5/2/2003 NA Negative  NA
9/1/2009 64 Positive Negative
09-0936 7/29/2003 NA Negative NA
7/29/2004 NA MNegative NA
9/27/2004, NA Negative NA
11/29/2004 NA Megative NA
7/8/2008 NA Negative NA
5/12/2008 NA Negative NA
9/1/2009 <B4  Negalive  Positive
08-0939 10/7/2002 NA Negative NA
5/29/2007 NA Negative  NA
9/16/2009 256  Positive Negative
09-0942 11/21/2006 NA Negative  NA
9/22/2009 128 Positive . Negative
09-0944 . 10/7/2003 NA Negative  NA
8/29/2009 256 Positive Negative

{0.1%) testing IFA positive. When questioned at follow-up,
it was determined that every summer this donor regularly
traveled to Cape Cod, Massachusetts, an area known'to be
endemic for B. microti, and had visited as recently as 2
weeks before her IFA-positive blood donation, Thus, if this
donor was actually infected by B. micro#i during previous
travel to an endemic area, the IFA false-positive rate can
be estimated as 0 in 1014 (0.00%; 95% confidence interval
{CI), 0.00%-0.36%) with a specificity of 100%. However, if
this donor was not infected during a prior visit, the esti-
mated false-positive rate of the [EAwas 1 in 1015 or 0.10%
(95% CI, 0.00%-0.55%) with a specificity of 99.9%.

DISCUSSION

A total of 1002 CT blood donors were tested by IFA and
real-time PCR; 25 (2.5%) tested positive by IFA and three
(0.3%) tested positive by reai-time PCR. The observed
seroprevalence rate of 2.5% is similar to the 1.7% (185/
10,970) seroprevalence rate previously reported for the
same two CT counties (i.e., Middlesex, New London) over
an 8-year study pericd.® The annual seroprevalence rate
for B. microti in these two highly endemic counties has
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been consistent, remaining in a narrow range between 1.0
and 2.7% from 2000 through 2009. The three real-time
PCR-positive donors identified in this study were found
during the early part of the study period, all before Sep-
tember 1. I scapularis nymphal ticks, the primary vector
of human babesiosis, exhibit questing behavior and peak
activity in the Northeast during May through July!*3
Thus, the detection of three acutely infected, and poten-
tially parasitemic, donors appears to coincide with a
period of peak nymphal tick activity. In contrast, a similar
study conducted at Rhode Island Blood Center tested 2113
blood units from July 8, 2018, through June 30, 2011, and
found 26 (1.2%) [FA positive, but reported no confirmed
PCR resuits.'! Thus, the current study is the first to pro-
spectively identify the presence of PCR-positive blood
donors in an area highly endemic for B. microti. These
donors are likely parasitemic and potentially capable of
transmitting the infection through blood donation.
To further characterize the natural history of Babesia
infection in the real-time PCR-positive donors, we sought
to collect subsequent samples for addijtional testing.
Based on follow-up testing, the two donors that were [FA
and real-time PCR positive lost their real-time PCR-

positive status 5 to 7 weeks after their index donation, but

. were documented to remain [FA positive for 4 to 6 months.

For both donors, antibody titers peaked (512) after appar-
ent parasite clearance {demonstrated through real-time
PCR-negative test results), after which time their titers
returned to baseline (Fig. 2). This pattern of an increase in
1TFA titer with concomitant PCR positivity and subsequent
clearance of the parasite followed closely by peak IFA
titers, then a return to baseline levels, is a classic parasi-
tologic or immunologic progression observed in related
Babesia studies (D.A, Leiby, unpublished data). Presently,
bleod donors with a history of babesiosis are indefinitely
deferred from future blood donation.® If and when a
reentry protocol is established for Babesig, donors who
have apparently cleared the infection based on negative
IFA and real-time PCR test results should be considered
for reentry. The observed infection and clearance patterns
are in part dictated by the timing of the infection and
subsequent sample collection. Thus, other donor samples
in this study that were IPA positive, but real-time PCR
negative, may represent earlier Babesia infections that are
in the process of clearing and returning to baseline levels,
The single IFA negative and real-time PCR—positive
donor suggests that a window period infection was iden-
tified.” Window period infections, regardless of the agent
involved, have-important implications for blood donor
screening since in the absence of nucleic acid testing
(NAT), undetectable antibody may lead to a false-negative
test result if testing algorithms are dependent upon serol-
ogy only.!®® NAT has been instrumental in the blood
center for identifying early infections with viral agents,
before seroconversion.*2! Although it is also possible this
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Fig. 2. Sequential IFA titers for follow-up sa.tﬁpies collected
from two IFA-positive donors identified as real-time PCR posi-
tive in August 2009. Subsequent samples were also tested by
real-time PCR, but all were negativé. (O} Study ID 09-0922;
(l) Study ID 09-09256,

donor’s test result may represent a real-time PCR false
positive, the subsequent positive result when retested by
the CCT real-time PCR does not support amplicon con-
tamination as a contributing factor, Ideally this window
period infection would have been validated by obtaining
follow-up samples from the donor and demonstrating

seroconversion;” unfortunately subsequent samples were
not available. Window period infections have important
implications for B. microti testing algorithms which may
require NAT, in addition to IFA, during the tick season.
As already discussed, the observed seroprevalence
rate of 2.5% for Middlesex and New London Counties is
similar to historical testing data for these two counties.
Further validation of the positive [FA results was obtained
by testing of donors in northwestern VT, an area considered
to be nonendemic for B. microti, where significantly fewer,
one 0f1015 (0.1%), donors were IFA positive, While thelone
positive donor reported risk factors that suggest a true
infection and a false-positive rate of zero, one could alter-
natively argue this infection represents a false positive,
Based on the latter scenario, we can estimate the false-
positive rate of the IFA test as only 1 0f 1015 (0.10%) with a
specificity 0f 99.9%, thereby supporting the observed sero-
prevalence rates in'the highly endemic counties of CT.
Inherent to this study are several limitations. The
foremost limitation is the relatively small sample size
(n = 1002) of participating donors. Additionally, the study
was conducted toward the end of the active tick biting
season, specifically mid-August through early October.
Taken together, these two factors likely had a negative
influence on the number of donors identified as real-time
PCR positive, leading to a conservative estimate of new
infections, including identification of potential window
period infections, In addition, no information is available
on window period infections outside of the tick season
since we only tested donors during periods of peak tick
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activity. As already discussed, the inability. to obtain
follow-up samples from the single IFA-negative and real-
time PCR-positive doner limited our ability to verify this
possible window period infection. Further investigation is
needed to better define the prevalence of presumptively
parasitemic donois at the time of donation, both during
and outside of the active tick season.

In summary, the current study documents the pres-
ence of parasitemic donors (0.3%) during the tick season
in CT and suggests the presence of potential window
period infections (0.1%). This supports the need for a
clearly defined testing algorithm, including a NAT to
detect window period infections at least during the tick
biting season, as antibody testing alene may not be suffi-
cient to identify all infectious blood donors. Additional
studies involving a greater number of samples will help to

_ further define a suitable testing algorithm; however, itis

clear that an intervention is needed to mitigate TTB.
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A Confirmed Ehrlichia ewingii
Infection Likely Acquired Through
Platelet Transfusion
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Ehrlichiosis is a tick-borne disease that ranges in severity from
asymptomatic infection to fatal sepsis. Ehrlichiosis acquired
from transfusion of blood products has not been documented
in the literature to date. A case of Ehrlichia ewingii infection
likely transmitted by transfusion of leukoreduced platelets is
described, and public health implications are discussed.

Keywords. ehrlichiosis; transfusion; tick-borne; leukore-
duction.

In mid-July 2011, a 9-year-old Georgia boy with a history of
acute lymphoblastic leukemia and anemia secondary to chemo-
therapy presented to his oncologist complaining of fever,
fatigue, malaise, vomiting, diarrhea, and petechial rash. He was
admitted to the hospital, where cultures were performed and
broad-spectrum antibiotics started to cover potential causes of
sepsis. Despite antibiotic therapy, the patient’s clinical status
deteriorated with worsening neutropenia, thrombocytopenia,
and elevated liver enzymes. On the 11th day of symptoms, the
hospital laboratory identified morulae in granulocytes on a pe-
ripheral blood smear. The patient was immediately started on
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doxycycline and samples were sent to Mayo Clinic for testing.
Real-time polymerase chain reaction (PCR) at Mayo Clinic was
positive for Ehrlichia ewingii [1], which was confirmed by
further PCR testing and sequence analysis at the Centers for
Disease Control and Prevention (CDC) [2]. The boy became
afebrile within 48 hours of doxycycline initiation, rapidly im-
proved, and was discharged.

Although about 32% of patients with ehrlichiosis do not
recall a recent tick bite [3], this case was unusual in that the pa-
tient’s family also denied recent outdoor activity or animal
contact due to the child’s illness. In addition, the patient had
multiple transfusions in the month preceding symptom onset.
Therefore, a possible transfusion-acquired infection was sus-
pected, prompting the physician to contact the blood bank and
the CDC. When the products the child had received were deter-
mined to come from Florida, the Florida Department of Health
was notified and the Florida blood bank involved conducted
trace-back investigations on the 3 donors.

The 3 transfusion products that the patient received in the
month prior to onset of his illness are documented in Figure 1.
All products were leukoreduced and irradiated. All 3 donors
denied any symptoms of illness during the time of donation.
However, 1 donor reported frequent tick attachment at his
home in Florida and a wooded property in South Carolina in
the month prior to donation. All 3 donors were tested by indi-
rect immunofluorescence assay serology at the CDC, and only
the donor that had reported tick exposure was positive, with an
Ehrlichia species immunoglobulin G (IgG) titer of 1:512. This
donor is considered the most likely source of the boy’s Erhlichia
ewingii infection.

The Ehrlichia-positive donor had regularly donated platelets
or plasma collected by apheresis 1-2 times per month. He re-
ported no febrile illnesses in the 2 months prior to and follow-
ing the suspect donation. Routine complete blood counts
performed by the blood bank at the time of each donation were
normal. Trace-backs of other recipients receiving blood prod-
ucts from the positive donor between 12 May 2011 and 27 July
2011 were performed to assess if any additional recipients had
symptoms relating to E. ewingii. Five recipients received leu-
koreduced platelets and 3 recipients received plasma from the
donor (Figure 1). Three of the recipients died within 1-2 days
of transfusion due to unrelated causes. The remaining 5 recipi-
ents reported no symptoms of illness associated with E. ewingii;
4 of the 5 patients agreed to be tested and were negative by Ehr-
lichia species serology. It should be noted that none of the 4
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Receives leukoreduced irradiated single donor
platelets from donor who later was identified as
serologically positive for Ehrlichia spp.
Travel to SC hunting land perform
bush-hogging and baiting Incident donation

(platelets and plasma)

Blood product donation
(platelets)

Receives doxycycline
fortreatment £ poH notified
Blood product donation
(platelets and plasma)

All recipients accounted
for and no additional
Donor interview # 2 infections identified

Donor interview # 1

of case

Additional recipient

samples received for
Ehrlichia testing

CDC notified Donors’ samples Tests positive for
of case  collected fortesting  £pjichia antibodies

20-May 02-Jun 15-Jun 28-Jun 11-Jul 24-Jul

Blood product donation

(platelets) donor platelets and leukoreduced

iradiated RBCs

Onset of neutropenia

Receives leukoreduced irradiated single Presents to GA hospital Suspect morulae - PCR positive for
with fever & malaise identified

06-Aug 19-Aug 01-Sep 14-Sep 27-Sep 10-Oct
Receives doxycycline
for treatment

Ehrlichia ewingii Donor interview # 3
'

Blood Alliance Inc. identifies

Tracebacks to recipients of
3 donors to case

donor blood products

Figure 1. A timeline of the important case and donor events associated with the Ehrlichia ewingii transfusion-associated infection. The timeline begins
with the donor’s suspected tick exposure in May 2011 and ends with the completion of additional case trace-back investigations, October 2011. Abbrevia-
tions: CDC, Centers for Disease Control and Prevention; FL DOH, Florida Department of Health; GA, Georgia; PCR, polymerase chain reaction; RBCs, red

blood cells; SC, South Carolina.

recipients who tested negative received products from the same
donation date as the infected child.

There were no samples remaining from the incident dona-
tion, so confirmation of the donor’s diagnosis through PCR
was not possible. However, a significantly elevated Ehrlichia
species IgG titer, such as the one found in the donor (1:512), is
an uncommon finding [4, 5]. This, in addition to the child’s re-
ported lack of possible tick exposure, make transfusion the
likely source of E. ewingii infection.

There are several unique aspects of this case that have public
health importance. Ehrlichia ewingii belongs to a group of or-
ganisms in the family Anaplasmataceae, a group that also in-
cludes the tick-borne pathogens Ehrlichia chaffeensis and
Anaplasma phagocytophilum. These organisms reside in leuko-
cytes, where they form clusters of organisms known as morulae
that are sometimes visible by microscopy. Although it has been
previously demonstrated that transfusion transmission of Ehrli-
chia species is scientifically plausible [6], this case report is the
first documentation of likely occurrence in the literature. In
contrast, there have been 5 published reports of A. phagocyto-
philum transmitted by transfusion of blood products [7-11].

The first 2 transfusion-transmitted A. phagocytophilum infec-
tions involved nonleukoreduced red blood cell transfusions [7, 11].
These initial reports, and the fact that these intracellular patho-
gens are typically found in leukocytes, encouraged speculation
that leukoreduction may reduce the risk of transmission of
pathogens in the family Anaplasmataceae. However, in 2012, 3
cases of transfusion-acquired anaplasmosis from leukoreduced
blood products were reported [9, 10].

This is the first report of ehrlichiosis that was likely to have
been acquired by transfusion, and the first to implicate leukore-
duced platelets as the probable source of a tick-borne rickettsial
pathogen. This suggests that, much like red blood cells, transfu-
sion of platelets, even when leukoreduced, can transmit patho-
gens that are typically found in leukocytes. It should also be
noted that the donation that was likely responsible for the
transfusion-related infection was irradiated. Irradiation is not

likely to kill the pathogen, or the leukocytes, but rather limits
leukocyte reproduction. Physicians should be aware that irradi-
ation or leukoreduction does not eliminate the risk of transfu-
sion-acquired infection with this pathogen.

An additional unique aspect of this case is that the infection
was confirmed to be due to a rarely reported species, E. ewingii,
and not the more commonly reported E. chaffeensis. This path-
ogen was first documented as a cause of human disease in a
1999 publication by Buller et al [2]. Although E. ewingii infections
may be symptomatic in immunocompetent individuals [12], a
majority of published reports have occurred in people with
some form of immune compromise [2, 13]. The most common
symptoms in reported E. ewingii infections include fever, head-
ache, and malaise, and thrombocytopenia and leukopenia may
also be present [2].

Despite the relatively low number of reported cases, E.
ewingii is likely widely distributed throughout the central and
southeastern United States [14]. Given that serology does not
distinguish between E. ewingii and E. chaffeensis, it is likely that
some cases of E. ewingii infection are missed or misclassified as
E. chaffeensis infections [2].

It is unclear at this time why both A. phagocytophilum and E.
ewingii have now been implicated in transfusion infections,
whereas E. chaffeensis has not. Unlike E. chaffeensis, which
targets human monocytes, E. ewingii and A. phagocytophilum
are usually found in granulocytes. There is no clear evidence
that this affinity for granulocytes increases transfusion risk;
however, granulocytes are typically more numerous in human
blood than monocytes. It may be possible that granulocytes
release more pathogen into the plasma prior to leukoreduction,
or remain more prevalent in postleukoreduction products than
monocytes. Another possible explanation is the relative severity
of symptoms caused by the various pathogens. Ehrlichia
ewingii ehrlichiosis, like anaplasmosis, has been documented to
be less likely than ehrlichiosis caused by E. chaffeensis to result
in severe or fatal outcome [13]. It may be possible that people
who are infected with E. chaffeensis are less likely to remain
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asymptomatic and present as donors than people infected with
the more benign pathogens.

The previous reports of transfusion-transmitted anaplasmo-
sis have described asymptomatic donors, and it appears from
this case that it is also possible to remain asymptomatic during
E. ewingii infection. This finding highlights the difficulty of pre-
venting these pathogens from entering the blood supply. Even
though our donor did recall extensive tick exposure, many
people with tick-borne disease do not, and using tick exposure
questions to screen potential donors is not only likely to miss
cases, but also may substantially decrease the number of avail-
able donors in some regions [15]. At the present, screening all
donated blood products by PCR for Ehrlichia species is cost
prohibitive and of unknown utility [9]. Screening donors for
symptoms of illness or abnormal laboratory findings such as
thrombocytopenia would not have been useful in excluding this
donor either. Therefore, at the present there is no screening
method that can be practically implemented to prevent an
asymptomatic infected donor from donating blood products.
Early reporting of suspected transfusion-related infections to
the blood collection agency and public health authorities is of
key importance so that potentially infectious co-components
may be tracked and quarantined and the infected donor and re-
cipients can be treated.

Although in this case identification of morulae aided in
making the initial diagnosis, the sensitivity of morulae detec-
tion in ehrlichiosis and anaplasmosis is low, and physicians
usually need to treat the patient without confirmation of diag-
nosis. The recommended treatment for ehrlichiosis is doxycy-
cline; other broad-spectrum antibiotics are not likely to be
effective, and treatment delay can lead to adverse outcome or
death [16]. Therefore physicians will need to consider this
pathogen as a possibility early during treatment of possible
transfusion-related infections and begin doxycycline treatment
as soon as the disease is suspected. Given the challenges in con-
firmation of diagnosis, rapid empiric treatment is essential, and
an astute physician is a patient’s best defense.
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JBPO 2013-004

Guidance for Industry

Recommendatlons for Screening,
Testing, and Management of Blood
Donors and Blood and Blood
Components Based on Screening Tests
for Syphilis

DRAFT GUIDANCE

This guidance document is for comment purposes only. -

Submit one set of either electronic or written comments on this draft guidance by the date
provided in the Federal Register notice announcing the availability of the draft guidance.
Submit electronic comments to http://www.regulations.gov. Submit written comments to the
Division of Dockets Management (HFA-305), Food and Drug Administration, 5630 Fishers
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Guidance for Industry |

Recommendations for Screening, Testing, and Management of
Blood Donors and Blood and Blood Components Based on
' Screening Tests for Syphilis

This draft gwdance when finalized, will represent 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 to 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

We, FDA, are providing you, blood establishments that collect Whole Blood or blood
components, including Source Plasma, with revised recommendations for screening and testing
of donors and management of donations based on screening tests for syphilis. ,

‘This draft guidance replaces FDA’s draft guidance entitled, “Guidance for Industry: Revised
‘Recommendations for Dorior and Product Management Based on Screening Tests for Syphilis,”
dated June 2003 (Ref. 1), and when finalized, will supersede the memorandum of December 12,
1991, entitled “Clarification of FDA Recommendations for Donor Deferral and Product
‘Distribution Based on the Results of Syphilis Testing” (Ref. 2).

. FDA’s guidance documents, including this guidance, do not establish legally enforceable
responsibilities. Instead, guidances describe the FDA’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 FDA’s guidances means that something is suggested or
recommended, but not required. .

1I. BACKGROUND
A. Transfusion-Transmission of Syphilis

Syphilis, caused by the spirochete Treponema pallidum (T. pallidum), is most often
acquired after sexual contact with an infected individual. Syphilis can also be transmitted
from mother to child or, rarely, transmitted by transfusion of blood or blood components
.from donors with active syphilis (Ref. 3). The last reported case of transfusion-
transmitted syph1hs in the United States (U. S ) occurred in 1966 (Ref. 4). Universal
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testing of blood donors may have played a role in the disappearance of transfusion-
transmitted syphilis. Other possible explanations for the decline in transfision-
transmitted syphilis include: that direct donor-to-recipient transfusions no longer take
place; inactivation of T. pallidum (a cold-sensitive microorganism) in refrigerated blood
components; the decline in rates of syphilis in the general population, which in turn is
reflected in the denor population; self-deferral of blood donors who are ill during
spirochetemia (presence of spirochetes—the causative agent of syphilis infection—in the
circulating blood); deferral of potential donors who demonstrate high risk behavior for
acquiring syphilis infection (e.g., persons who received money, drugs, or other payment
for sex) through donor eligibility screening processes; wide use of antibiotics among
transfusion recipients; and difficulties in diagnosing transfusion-transmitted syphilis in
recipients (Ref. 5). However, none of these explanations has been quantified or
-adequately validated.

Current testing requirements for 7° pallidum are included in Title 21 Code of Federal
Regulation (CFR) Part 610, Subpart E (Testing Requirements for Communicable Disease
Agents), specifically under § 610.40(i) (21 CFR 610.40(i) and in § 640.65 (21 CFR
640.65) for Source Plasma donors. FDA has sought public comments on the continued
“need for syphilis testing on several occasions, most recently in a proposed rule entitled
“Requirements for Human Blood and Blood Components Intended for Transfusion or for
Further Manufacturing Use,” dated November 8, 2007 (72 FR 63416). FDA isnow
reviewing comments to the proposed rule. Current requirements to test blood donations
for syphilis (§ 610. 40(1)) as well as Source Plasma donors (§ 640.65) remain in effect.

 Information from the American Red Cross serological testing of donors revealed that
there were 324 cases of syphilis infections among American Red Cross repeat allogeneic
donors in 2007-2008, a figure several times higher than the numbers of repeat allogeneic
donors identified with human immunodeficiency virus (HIV), hepatitis B virus (HBV),
hepatitis C virus (HCV), and human T-cell lymphotropic virus (HTLV) infections, which
were 92, 47, 127 and 9, respectively, during the same time period (Ref. 6). Several
published studies (Refs 7 through 12) reporting the presence or absence of 7. pallidum
nucleic acid in blood samples from individuals with confirmed or possible syphilis
detected spirochete nucleic acid in blood samples from persons with syphilis, some of
whom had a latent infection with no symptoms. This suggests that some asymptomatic
blood donors might have spirochetemia. Donations from such blood donors may have
the potential to transmit syphilis to recipients.

B. Tesﬁng of Blood and Blood Components for Syphilis

Under § 610.40(1), you must perform a serological screening test for syphilis on each
donation of blood." Donors who test repeatedly reactive with a screening test for syphilis
must be deferred (§ 610.41(a)) and notified of their deferral (21 CFR 630.6). FDA does
not require further testing of the donor to confirm infection for syphilis. In accordance

' FDA’s other regulatory requirements related to syphilis are found under 21 CFR 606.121, 610. 41, 640.5(a),
640.14, 640.23(a), 640.33(a), 640.53(a), 640.65(b)(1) and (b)(2), and 640.67.

2
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with § 610.41(b), you may perform additional testing to requalify the donor as described
below in sections IV.B and C. In accordance with § 610.40(h)(2)(vi), FDA allows use of
blood and blood components, excluding Source Plasma, that test reactive by a screening
test for syphilis, if the donation is further tested by an adequate and appropriate test
which demonstrates that the reactive screening test is a biological false-positive, and the
blood or blood component is labeled with both test results.

FDA requirements regarding syphilis testing specific to Source Plasma are as follows:

1. Current collection, testing and labeling requirements related to results of
serologic tests are found in §§ 640.65, 640.67, and 606.121.

2. Note that FDA regulations require that a sample of blood be drawn from
Source Plasma donors on the day of the first medical examination or
plasmapheresis, whichever comes first, and at least every 4 months thereafter,
and that these samples must be tested for syphilis {§ 640.65(b){1}(D)).

3. FDA regulations also require that a donor with a reactive test result for
syphilis must not be plasmapheresed again until the donor tests nonreactive,
except as stated in points 4 and 5, below-(§ 640.65(b)(2)(ii)).

4. The regulations permit a donor with a reactive biologic false-positive syphilis
test result to be plasmapheresed, provided that the donor’s file: (a) identifies

" the reactive serologic test and the results used to confirm the biologic false-
positive results; and (b) indicates that the physician on the premises has
determined the false-positive reaction is not the result of an underlying
disorder that would disqualify the donor from participating in the
plasmapheresis program (§ 640.65(b)(2)(iii)).

5. The regulations also permit a donor with a reactive syphilis test result to be

_ plasmapheresed to obtain plasma to be used for further manufacturing into
control serum for the serologic test for syphilis, provided that: (a) the
physician on the premises approves the donation; and (b) the donor’s file
contains a signed statement from a physician or clinic establishing that
treatment for syphilis has commenced and that continuance in the
plasmapheresis program will not interfere with or jeopardize the syphilitic
donor’s treatment (§ 640.65(b)(2)(iv)).

6. Plasma collected from a donor with a reactive test result for syphilis must be
appropriately labeled, as stated in § 606.121(e)(5)(iv).

III. CHARACTERISTICS OF SEROLOGIC ASSAYS FOR SYPHILIS

There are two different types of serologic assays for syphilis: (A) nontreponemal assays; and (B)
treponemal assays.

(A) Nontreponemal assays, such as the rapid plasma reagin (RPR) test, the venereal
. disease research laboratory (VDRL,) test, and the automated reagin test (ART), are non-
specific tests that detect “reagin” antibodies directed against an antigen called cardiolipin
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that is present in a variety of tissues. Antibodies to cardiolipin appear in the serum of
persons with active syphilis and with some other conditions. However, note that some
individuals who were previously infected with syphilis but were successfully treated
maintain low levels of antibody to cardiolipin for a long time; such persons are classified
as bemg serofast ”

Sera and plasma from individuals previously infected with syphilis who were
successfully treated do not generally remain reactive in nontreponemal tests for more
than one to two years after successful treatment. Therefore, persons with active or

- recently treated syphilis infections generally have reactive results in nontreponemal tests,
while uninfected persons or persons successfully treated years earlier usually have
nonreactive nontreponemal test results, but retain specific antibody reactivity.
Nontreponema] assays are useful in identifying recent syphilis infection, and to monitor
the progressmn of syphilis and response to antibiotic therapy. Retesting sera that are
reactive in nontreponemal assays using a specific treponemal test may be of value in
distinguishing true-positive results that indicate active Syphllls infection from biological
false-positive results due to other conditions. :

(B) Ireponemal assays include chemiluminescence immunoassays, enzyme
immunoassays (EIA), fiuorescent treponemal antibody “absorbed” assays (FTA-ABS), -
Treponema pallidum microhemagglutination assays (MHA-TPA) and Treponema
pallidum particle agglutination assays (ITP-PA). Treponemal assays test for antibodies to
antigens. that are specific to treponemes. Although treponemal assays are useful in
identifying recent and historically remote syphilis infections, they are not useful in
monitoring the progression of syphilis or response to antibiotic therapy. With some-
exceptions, positive results of tests for specific treponemal antibodies remain positive
throughout an individual’s life regardless of whether the individual is currently infected
or has been cured following successful treatment (Ref. 13).

Since both the nontreponemal and treponemal assays detect antibodies rather than the infectious .
treponemes themselves, neither assay reliably identifies patients in the “window period” of very
early syphilis, after infection has been acquired but before ant1b0d1es to either treponemal
antlgens orto cardlohpm have appeared.

Prior to 1990, blood establishments typicaily used nontreponemal tests to screen donors for
syphilis and then performed a treponemal test on the reactive samples to determine the
specificity of nontreponemal test results. In 1990, the Center for Biologics Evaluation and
Research cleared a 510(k) pre-market notification for an automated modified
microhemagglutination test that detects specific antibodies to T. pallidum. After this new
treponemal assay was implemented for screening donors, some repeat blood donors who had
formerly been found suitable based on nonreactive nontreponemal test results were deferred
because they were found to have specific antibodies to 7. pallidum. This test eliminated most
biological false-positive nontreponemal screening test results, and its use caused no overall
increase in the total number of donors deferred (Refs. 14 and 15). Many blood establishments
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now use automated treponemal assays with high throughput that have been cleared by FDA. for
purposes of screening donors for syphilis, such as the treponemal assays chemiluminescence
immunoassays, EIA, and TP-PA. Some blood establishments, however, continue to use RPR, a
nontreponemal assay, as a screening assay. Therefore, we are providing recommendations for
management of donors and blood and blood components for situations in which a blood
establishment would use either a nontreponemal screening test or a treponemal screening test.

To distinguish the results of screening tests for syphilis from the results of additional syphilis
tests, we use the terms “reactive” and “nonreactive™ for results of screening tests (both
nonireponemal and treponemal) and reserve the terms “positive” and “negative” for results of
subsequent treponemal tests (used for donor requalification) on samples of the same blood
specimen previously used for screening. A test result that is read as “indeterminate”,
“questionable”, or “equivocal” according to the package insert should be considered as
equivalent to a reactive or positive test result for purposes of this document.

Establishments that screen donors using a nontreponemal assay as the test of record may also use
a treponemal diagnostic test for the purposes of donor counseling or consideration of
requalification after deferral, and also for demonstrating that the reactive screening test is a
biological false positive (§ 610.40(h)(2)(vi)). However, we are recommending that in all other
instances, serologic tests used to screen donors for syphilis should be cleared by FDA for such
intended use (see recommendations in sections IV.B and C.)

Iv. RECOMIVIENDATIONS FOR DONOR TESTING AND MANAGEMENT AND
PRODUCT DISPOSITION WHEN USING TESTS FOR SYPHILIS

A. Identification ofDonors with a History of Syphilis

1. To assess the suitability of the donor as required in § 640.3, we recommend
‘that you ask the following question of all donors at each donation:

“In the past twelve months have you had or been treated for syphilis or
gonorrhea?”

If you are administering an abbreviated donor history questionnaire to
frequent, repeat donors, we recommend that you ask these donors if they have
had any new medical problems or diagnoses and any new medical treatments
since their last donation.

2. We recommend that you defer donors who state that in the past 12 months
- they have had or have been treated for syphilis or gonorrhea for 12 months
after being told they had syphilis or gonorrhea or after completion of

2 Thls question is currently included in the AABB Full-Length Donor History Questionnaire (DHQ), Version 1.3,
dated May 2008, and DHQ Version 1.1, dated June 2005, that have been found acceptable by FDA in guidance.
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treatment. After this 12-month period, the donor may be eligible to donate
again, provided that the donor satisfies all applicable donor eligibility criteria.

B. Donor Testing and Management When Using a Nontreponemal Screening
Test as the Test of Record for the Detection of Syphilis (See Figure 1)

You must perform a serological test for syphilis on each donation of blood
-(§610.40(1)). You must test a donor of Source Plasma for syphilis at least every 4
months (§ 640.65(b)(1)(1)). We recommend that all serological tests used to screen
-donations for syphilis be cleared by FDA for such intended use and that you follow the
instructions for use in the package insert.

L If the nontreponemal screening test is nonreactive, the donor is considered to
be negative for syphilis infection. You may release the donation, provided it
meets all other requirements, and retain the donor. (Note that there are reentry
criteria available for a donor previously deferred because of a repeatedly
reactive treponemal screening test (see recommendation in section IV.C.3.b.)
or who had a positive additional treponemal test at the time of an earlier
donation (see recommendation in section IV.B.3.b.)).

2. If the nontreponemal screening test is repeatedly reactive, you must defer the
donor indefinitely (§ 610.41(a)) and you must not ship or use the donation,
unless an exception for shipment or use is applicable (§ 610.40(h)). However,
Source Plasma donors may be allowed to donate plasma for further
manufacture into noninjectable products (§ 640:65(b)(2)(ii) through (iv)).
Absent an exception under § 610.40(h)(2) being applicable, donations of
blood and blood components must not be used (§ 610.40(h)) unless a negative
treponemal test result is obtained using the method described below. The
donor may be eligible for reentry following the method described below.

: Product Management and Reentl_'x Under § 610.41(b) of Deferred Donér

3. If the nontreponemal test is repeatedly reactlve you may perform a treponemal
test® using either a sample from the index donation or a follow-up sample
from the donor collected at a later date.

a. If'the treponemal test result is negative (suggesting that the reactive
nonireponemal test result was a biological false-positive result), you may
reenter the donor under § 610.41(b). If the sample tested was from the
index donation, the donation may be released (§ 610.40(h)(2)(vi))
provided the donation meets all other criteria, but must be appropriatéely

*Establishments may use a treponemal diagnostic test for the purposes of donor counseling or consideration of
requalification after deferral, and also for demonstrating that the reactive screening test is a biological false-positive

(§ 610.40()(2)(vi))-
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labeled under §§ 610.40¢h)(2)(vi) and 606.121. You may consider
counseling the donor about the potential medical significance of a
biological false-positive screening test.

b. If the treponemal test result is positive, you must continue to defer the
donor indefinitely (§ 610.41(a)) and discard the donation unless an
exception for shipment or-use is applicable (§ 610.40(h)).

You may reenter the donor under § 610.41(b) if the donor subsequently:

i. Presents written evidence from a physician or public health clinic of
successful treatment of syphilis that was completed at least 12 months
prior to the next donation; and

ii. Meets all other donor eligibility criteria.

An acceptable reentry algorithm under § 610.41 (b) must include the use of a
. nontreponemal screening test to test the reentered donor’s next donation and
subsequent donations. The nontreponemal screening test is useful in
monitoring a-patient’s response to antibiotic therapy.
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Figure 1: Donor Testing and Management When Using a Nontreponemai Screening Test as the
Test of Record for the Detection of Syphilis

Perform FDA-cleared nontreponemal screening test

Nonreactive Repeatedly Reactive
‘ Defer donor indefinitely.

Donation may be eligible for use.
_ Release donation. ' Donor may be eligible for reentry.

May perform treponemal test’ for consideration of
product management and donor reentry.

I

Negative ' ‘ Positive
. Donor may be reentered Donor remains deferred indefinitely.
without treatment for syphilis.® Discard donation.
Donation may be released o ' ¢

and must be appropriately labeled.* ‘ .
The donor may be reentered 12 months after
completion of treatment for syphilis with written

.evidence from a physician or public health clinic
of successful treatment, provided all other donor
suitability criteria are met. '

Test the reentered donor’s next donation and
subsequent donations using an FDA-cleared
nontreponemal screening test.®

!Source Plasma donations with these test results may be used under some circumstances, but the donor is deferred unless certain
conditions apply (§8§ 610.40¢(h)(2)(vii) and 640.65(b)(2)(ii) through (iv)). Absent the applicability of an exception under

§ 610.40(h)(2), donations of blood and blood components must not be used unless a negative treponemal test result is obtained
(§ 620.40(h)). '

% You may use a treponemal diagnostic test for the purposes of donor counseling or consideration of requalification after deferral,
and also for demonstrating that the rcactivehscreening test is a biological false-positive (§ 610.40(h)(2)(vi).

*Consider connseling the donor about the potential medical significance of a biological false-positive screening test,

“Sample tested must be from index donation. You must label such donations as reactive by a screening test for syphilis and -
negative by a treponemal test (§ 610.40¢h)(2)(vi)).

5An acceptable reentry algorithm under § 610.41(b) must include the use of a nontreponemal screening test to test the reentered -
donor’s next denation and subsequent donations.
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C. ~ Donor Testing and Management When Using a Treponemal Screening Test
as the Test of Record for the Detection of Syphilis (See Figure 2)

You must perform a serological test for syphilis on each donation of blood (§ 610.40(i)).
You must test a donor of Source Plasma for syphilis at least every 4 months A

(§ 640.65(b)(1)(1)). We recommend that all serological tests used to screen donations for
syphilis be cleared by FDA for such intended use and that you follow the instructions for
use in the package insert.

1. If the treponemal screening test is nonreactive, the donor is considered to be
negative for syphilis infection. You may release the donation, provided it
meets all other requirements. '

2. If the treponemal screening test is repeatedly reactive, you must defer the
donor indefinitely and you must not ship or use the donation, unless an
exception for shipment or use is applicable (§ 610.40(h)). However, Source
Plasma donors may be allowed to donate plasma for manufacture into non-
injectable products (§ 640.65(b)(2)(iv)). The donor may be eligible for
reentry following the method described below.

Reentry Under § 610.41(b) of Deferred Donors

3. Because the possibility exists that a treponemal test might be false-positive for
reasons unrelated to the analyte (e.g., failure to remove excess conjugate
during the performance of the test), the donor may be eligible for reentry.

You may perform another treponemal screening test that is different from the
initial treponemal screening test used as the test of record, using either a
sample from the index donation or a follow-up sample from the donor
collected at a later date.*

. a. Ifthe additional treponemal screening test result is negative, you may
reenter the donor. ' ‘

b. If the additional treponeniail‘ screening test result is. positive, the donor
remains deferred indefinitely (§ 610.41(a)). The donor may be eligible for
reentry, as described immediately below.

You may test the sample from the donor which was positive on the
additional treponemal screening test using a nontreponemal screening test.

*When treponemal screening test results are repeatedly reactive, we do not consider negative results on an additional
treponemal test to be indicative of biological false-positives on the screening test under § 610.40(h)(2)(vi).
Regardless of the result from the additional treponemal screening test result, under § 610.40(h) you must not release
_ the index donation unless an exception applies. Source Plasma donations with these test results may be used under

some circumstances, provided that the requirements under §§ 610.40(h)(2)(vii) and 640.65(b)(2)(ii) through (iv) are
met,
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i) If the nontreponemal screening test result is nonreactive, you may
reenter the donor under § 610.41(b) if the donor:

A} Presents written evidence from a physician or public health clinic
of successful treatment for syphilis completed at least 2 months
before the next donation®; and

B) Meets all other donor eligibility criteria.

An acceptable feentry algorithm under § 610.41(b) must include the
use of a nontreponemal screening test to test the reentered donor’s next
donation and subsequent donations.

ii) If the nontreponemal screening test result is repeatedly reactive, the
donor remains deferred indefinitely (§ 610.41(a)). You may reenter
the donor (§ 610.41(b)) if the donor subsequently:

A) Presents written evidence of successful treatment for syphilis that
was completed at least 12 months prior to the next donation; and
B) Meets all other donor eligibility criteria.

An acceptable-reentry algofi_thm under § 610.41(b) must include the
use of a nontreponemal screening test to test the reentered donor’s next
donation and subsequent donations. :

3We recommend that successful treatment should have been completed at least 2 months before the next donation to
allow sufficient time for persistent active syphilis because of inadequate treatment or treatment failure to become
manifest, as evidenced by appearance of a reactive nontreponemal screening test result (Ref. 16).

10
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Figure 2: Donor Testing and Management When Using a Treponemal Screening Test as
the Test of Record for the Detection of Syphilis

Perform FDA-cleared treponemal screening test

e ~a _
Nonreactive Repeatedly Reactive
Release donation. Defer donor indefinitely.

Discard donation®
Donor may be eligible for reentry.
e :
Donor Reentry
Perform FDA-cleared treponemal screening test different from
initial treponemal screening test on index or follow-up sample.

o : T

Negative Positive
Donor may be reentered. Donor remains deferred indefinitely.

“Donor may be eligible for reentry.

Perform FDA-cleared nontreponemal screening test.

el S
Nonreactive Repeatedly Reactive
The donor may be reentered with The donor may be reentered 12 months
documentation of successful treatment after completion of treatment for syphilis.’

for syphilis completed at least 2 months
before next donation.?

Test reentered donor’s next donation and Test reentered donor’s next donation and
subsequent donations using an FDA-cleared subsequent donations  using an FDA-cleared
nontreponemal screening test.” nontreponemal screening test.*

'Source Plasma donations with reactive test results for syphilis may be used under some circumstances, but the donor is deferred,
unless certain conditions apply (§§ 610.40(h)(2){vii) and 640.65(b)(2)(ii) through (iv)). Donations of blood and blood
components must be discarded, unless an exception is applicable ((§ 610.40(h)(2)). Note that all applicable labeling
reqmrements must be met, should you be able to use the donations (§§ 606.121 and 610.40(h}(2)).

*The donor may be reentered 2 months after completion of treatment with a signed written statement from a physician or public
health clinic of successful treatment, provided all other donor suitability criteria are met.

The donor may be reentered 12 months after completion of treatment with a signed written staternent from a physician or public
health clinic of successful treatment, provided all other donor suitability criteria are met.

‘An acceptable reentry algorithm under § 610.41(b) must include the use of a nontreponemal screening test to test the reentered
donor’s next donation and subsequent donations,
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Guidance for Industry

Implementation of an Acceptable Full-
Length and Abbreviated Donor History
Questionnaires and Accompanying Materials
for Use in Screenmg Donors of Source
Plasma

Additional copies of this guidance are available from the Office of Communication, Outreach
and Development (OCOD), (HFM-40), 1401 Rockville Pike, Suite 200N, Rockville, MD 20852-
1448, or by calling 1-800-835-4709 or 301- 827 1800, or e-mail ocod@fda.hhs.gov, or from the
Internet at

hitp://fwww.fda. gova1ologlcsBloodVaccmes/GuldanceComphanceReaulatorylnformatlon/GuIda
nces/default.htm.

For quesnons on the content of this guidance, contact OCOD at the phone numbers or e-mail
address listed above.

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

Center for BlOlOglCS Evaluation and Research
February 2013
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Contains Nonbinding Recommendations

Guidance for Industry

Implementation of an Acceptable Full-Leﬁgth and Abbreviated
Donor History Questionnaires and Accompanying Materials for Use
in Screening Donors of Source Plasma

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 to 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. '

1L INTRODUCTION

This guidance recognizes the standardized full-length and abbreviated donor history
questionnaires and accompanying materials, version 1.2 dated September 2012, prepared by the
Plasma Protein Therapeutics Association (PPTA) as an acceptable mechanism that is consistent
with the Food and Drug Administration’s (FDA’s) requirements and recommendations for

collecting Source Plasma donor history information. In the future, we, FDA, may recognize
other Source Plasma donor history questlormaires and accompanying materials as acceptable.
We intend to make the current recognizéd versions of the Source Plasma donor history
questionnaires and accompanying materials (referred to as “SPDHQ documents™) available on
the FDA. website.

The SPDHQ documents will provide blood establishments that collect Source Plasma (referred
to as “manufacturers” or “you”), with a specific process for administering questions to Source
Plasma donors (referred to as “donors”) to determine their eligibility to donate. We are using the
term “eligibility” in this guidance to refer to the donor suitability requirements described in Title
21 Code of Federal Regulations 640.63 (21 CFR 640.63). Acceptable SPDHQ documents are
those documents that FDA has determined will provide Source Plasma manufacturers with one
means of obtaining donor history information from a Source Plasma donor to determine if the
donor is eligible consistent with the requirements in 21 CFR 640.63.

This guidance also advises Source Plaé_ma manufacturers who choose to implement the
acceptable SPDHQ documents on how to report the manufacturing change consisting of the
implementation of the SPDHQ under 21 CFR 601.12 (§ 601.12).

FDA'’s guidance documents, including this guidance, do not establish legally enforceable
responsibilities. Instead, these guidances describe the FDA’s current thinking on a topic and ‘
should be viewed only as recommendations, unless specific regulatory or statutory requirements




Contzins Nonbinding Recommendations

are cited. The use of the word should in FDA’s guidances means that something is suggested or
recommended, but not required.

I BACKGROUND

Section 640.63(a) requires the eligibility of Source Plasma donors to be determined on the day of
collection. {We interpret “day of collection” to permit clarifying a donor’s response to the donor
history questlonnalre or obtaining omitted responses to questions within 24 hours of the time of
collection.") Such determination is intended to ensure a donor’s overall good health and prevent
transmission of diseases transmissible by blood and blood components (21 CFR 640.63(a-d)). A
donor’s eligibility to donate blood and blood components is determined in part by a physical
assessment and the donor’s answers to questions concerning medical hlstory and risk factors for
diseases transmissible by blood and blood components. The donor screening interview is

_especially important in identifying risks for diseases and conditions for which there are no
adequate laboratory tests or for which tests are unable to identify early stage or window period
infection.

* The first formal uniform questionnaire developed for the purpose of blood donor screening was
implemented nearly sixty years ago (Ref. 1). Though the donor interview process is helpful in
excluding ineligible donors, errors in this process do occur because some information may not be
understood or captured durmg the screening process (Ref. 2). As noted during workshops
sponsored by FDA to discuss this issue, the blood donor screening process should consider such
factors as question complexity, donor recall ablhty, donor health and safety, donor satisfaction
and willingness to return, any further processing which a product may undergo prior to use, and
risk to the end user/recipient of blood and blood components (Refs. 3 'and 4). Strategies such as
using self-administered computer-assisted and abbrev1ated questionnaires have been suggested
as approaches to Improve donor understanding and satisfaction over what some view as a lengthy
and time-consuming process, particularly for frequent donors (Refs. 3 through 5). FDA has
previously issued a guidance documented entitled “Guidance for Industry: Streamlining the
Donor Interview Process: Recommendations for Self-Administered Questionnaires,” dated July
2003 (Streamlining Donor Interview guidance) explaining how blood and plasma establishments
may simplify the donor screening process by allowmg certam donors to use self-administered

- donor questionnaires (Ref. 6). '

The full-length and abbreviated quéstio‘hnaifes are désigned to be implemented together. For
example, if you choose to implement the Abbreviated PPTA Donor History Questionnaire, you
should also implement the Full-Length PPTA Donor History Questionnaire as described in the

! See FDA guidance documented entitled “Guidance for Industry: Recommendations for Blood Establishments: -
Training of Back-Up Personnel, Assessment of Blood Donor Suitability and Reporting Certain Changes to an
Approved Application,” dated November 2010 for additional information on donor sultablhty procedures, avallable

at
http.//www.fda.Eow’BmloglcsBloodVaccmes/Gu:danceComDl1anceReEulatorvInformatlon/Gmdances/Blood/ucm23

5785.htm,
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Directions for Use. Both the full-length and abbreviated questionnaires are designed to be
administered either by Source Plasma establishment personnel or self-administered with follow-
up by establishment personnel.

The SPDHQ documerits include the following materials and are intended to be used in their
entirety, with the exceptions noted in Section [V.A.2.:

e TJull-Length Donor History Questionnaires
o Questionnaire I —to be used by Source Plasma establishments that use an
approved test to detect HIV-1 Group O variant.
o Questionnaire Il —to be used by Source Plasma establishments that do not use an
approved test to detect HIV-1 Group O variant.

e Full-Length PPTA Donor History Questionnaire Directions for Use — includes glossary,
flow charts and references; describes how questions can be administered; and contains
foliow-up qzuestxons to further evaluate a potential donor’s response to “capture '
questions.’ '

e Abbreviated Donor History Questionnaire — to be used by frequent Source Plasma
donors.

o Abbreviated PPTA Donor History Questionnaire Directions for Use — includes glossary,
flow charts and references, describes which donors may complete the questionnaire and
how the questions can be administered, and contains follow-up questions to further
evaluate a potential donor’s response to capture questions.

s Medication List — contains a list of medications that may serve as a basis for donor
deferral. '

= Risk Posters — educate the donor about risks and condmons that are a basis for donor
deferral.

o PosterI—to be used by Source Plasma estabhshments that use an approved test to
detect HIV-1 Group O variant.

‘o Poster Il — to be used by Source Plasma estabhshments that do not use an
approved test to detect HIV-1 Group O variant.

+ Travel Posters — identify countries endemic for diseases that can be transm1tted by blood
and blood components.

o Travel Poster I —to be used by Source Plasma establlshments that use an
approved test to detect HIV-1 Group O variant.

o Travel Poster II — to be used by Source Plasma establishments that do not use an
approved test to detect HIV-1 Group O variant.

L. RECOGNITION OF PPTA SPDHQ DOCUMENTS

We find the SPDHQ documents (version 1.2) to be acceptable for use in screening Source
Plasma donors. These documents are consistent with FDA requirements and recommendations

? Capture questions ask general questions about a potential donor’s history and are followed up by more spemf‘ ic
questions if needed.
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related to donor eligibility interviews, subject to the following exception. The SPDHQ.
documents contain questions related to the following donor medical history issues for which we
currently do not have requirements or recommendations: cancer; organ, tissue, or bone marrow

- transplant; bone or skin graft; and pregnancy. By recognizing the acceptable SPDHQ documents
as one way to satisfy FDA’s regulatory requirements, we are not requiring or recommending that
donors be screened or deferred for these issues. If you choose to implement the acceptable

- SPDHQ documents and omit these questlons you would still be in compliance with FDA
requirements.

Whlle we recognize that the acceptable SPDHQ documents provide an effective tool for
“screening donors, we do not require that you implement the acceptable SPDHQ documents. You
may continue to use the full-length and abbreviated donor history questionnaires and ‘
accompanying materials developed by your establishment and previously approved by FDA.
These materials may include procedures and wording that are different from those in the SPDHQ
documents. In the future, you may implement, consistent with § 601.12, new procedures and
materials that differ from those in SPDHQ documents (Rcf 7).

IV,  REPORTING TO FDA THE IMPLEMENTATION OF ACCEPTABLE DONOR
HISTORY QUESTIONNAIRES AND ACCOMPANYING MATERIALS

As indicated above, we recommend that the full-length and abbreviated questionnaires be used
together. For example, if you choose to implement the Abbreviated PPTA Donor History
Questionnaire, we recommend that you also implement the Full-Length PPTA Donor History
Questionnaire .

A. Implementatlon of the Acceptable SPDHQ Documents

You must report the implementation of the acceptable SPDHQ documents to FDA under
'§ 601.12 as follows:

L. If the acceptable SPDHQ documents are implemented without modifications and in.
their entirety as a complete process for administering questions to Source Plasma
donors, the change is considered to be minor, with a minimal potential to have an

- adverse effect on the identity, strength, quality, purity, or potency of the preduct as
they may relate to the safety or effectiveness. of the product. You must report such
changes to FDA in your annual report under § 601.12(d), noting the date the process
was implemented. If donors will be allowed to self-administer the acceptable
SPDHQ documents, see sectioni IV.B.

2. Ifthe acceptable SPDHQ documents are implemented in their entirety, but modified
(a) by adding additional, more restrictive selection criteria that are specific to your
establishment; or (b) by omitting questions related to cancer; organ, tissue, or bone
marrow transplant; bone or skin graft; and pregnancy, which FDA has not required or
recommended for determining donor eligibility, the changes are considered to be
minor. Report such changes to FDA in your annual report under § 601.12(d), noting
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the date the process was implemented and describing the additional criteria or the
questions that were omitted from your questionnaire.

3. If you make changes to the format or wording in the SPDHQ flow charts but the -
content remains consistent with FDA required/recommended donor deferral criteria
or if you adopt stricter donor deferral criteria, the changes are considered to be minor.
You must report such changes to FDA in your annual report under § 601.12(d),
noting the date the process was implemented and describing how you modlﬁed the
acceptable SPDHQ documents.

4. If the acceptable SPDHQ documents are implemented in their entirety, but modified
by reformatting any of the acceptable SPDHQ documents (other than the flow charts)
to be consistent with your current process, the changes are considered minor,
provided you do not change the wording and the order of content in the acceptable
SPDHQ documents. Report such changes to FDA in your annual report under
§ 601.12(d), noting the date the process was implemented and descrlbmg how you
modified the acceptable SPDFQ documents.

5. Donor screening is important to the safety of blood components and screening
procedures have a substantial potential to have an adverse effect on the identity,
strength, quality, purity, or potency of blood and blood components as they may
relate to the safety or effectiveness of the product. Therefore, the implementation of
the acceptable SPDHQ documents that have been modified other than as specifically
described in sections IV.A.2-4, will be a major change. If you wish to implement the
acceptable SPDHQ documents modified in a manner other than as described in
sections IV.A.2-4, you must report such changes as a Prior Approval Supplement
(PAS) under § 601.12(b). We recommend that you include the following in the
submission:

a. FDA Form 356h “Application to Market a New Drug, Biologic or an
Antibiotic Drug for Human Use” which may be obtained at
http://www.fda.gov/AboutFDA/ReportsManualsForms/Forms/default.htm;

b. A cover letter describing the request and the contents of the submission;

A written SOP describing the donor questions and questionnaire process; and

The donor history questionnaires and accompanying document(s) Please

highlight the modifications.

fo

For assistance in preparing the supplement, please refer to FDA’s guidance entitled
“Guidance for Industry: For the Submission of Chemistry, Manufacturing and Controls
and Establishment Description Information for Human Blood and Blood Components
Intended for Transfusion or for Further Manufacture and for the Completion of the Form
FDA 356h “Application to Market a New Drug, Biologic or an Antibiotic Drug for
Human Use,’” dated May 1999 (Ref. 8).
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B. Implementation of Self-Administered Acceptable SPDHQ Documents

In July 2003, we issued the Streamlining Donor Interview guidance (Ref. 6), advising
licensed blood establishments to submit procedures for self-administering the donor
history questionnaire to FDA as a Changes Being Effected in 30 days supplement (CBE30)
under § 601.12(c). We determined in the Streamlining Donor Interview guidance that a
CBE30 was an appropriate supplement to ensure that controls were in place to manage this
process. However, we have since determined that when acceptable DHQ documents include
instructions for controlling the self-administration process, such as in'the SPDHQ Directions
for Use, this change may be reported in an annual report or, in some situations, as a CBE30,
as described in IV.B.1 and IV.B.2 below. These recommendations modify those stated in the

“Streamlining Donor Interview guidance. Licensed manufacturers planning to implement

self-administration of a questionnaire other than the acceptable SPDHQ decuments should
continue to consult the Streamlining Donor Interview guidance (Ref. 6)..

Licensed manufacturers must report implementation of self-administered acceptable
SPDHQ documents under § 601.12 as follows:

1. If'you choose to implement self-administration of the acceptable SPDHQ documents
using the written form or audio/visual presentation methods described in the acceptable
-SPDHQ documents, this is considered a minor change. Report such a change to FDA in
your annual report under § 601.12(d), noting the date the process was implemented.

2. If you choose to implement the acceptable SPDHQ documents using a computer-assisted
interactive interview procedure, report this change to FDA as a Supplement — Changes
Being Effected in 30 Days (CBE30) under § 601.12(c). This change presents a moderate
potential to adversely affect the identity, strength, quality, purity, or potency of blood
and blood components, as they may relate to the safety or efféctiveness of the
product, because of concerns that the presentation of the questions and information may
not be easily readable in all conditions and by all potential users. Additionally,
1mplementat10n for the first time of a computer-assisted interactive interview procedure
may raise new issues that should be evaluated, such as the management of electronic
records. Therefore, we cannot conclude at this time that the implementation of a
computer-assisted interactive interview procedure will be a minor change.

For assistance in implementing and reporting the use of self-administered questionnaires
other than as described above, and for preparing the supplement for the computer-assisted
interactive interview procedure, see the Streamlining Donor Interview guidance (Ref. 6).

RECOGNITION AND IMPLEMENTATION OF FUTURE ACCEPTABLE
SPDHQ DOCUMENTS

In the future, we may issue regulations or guidance documents concerning donor deferrals when
we identify new infectious diseases, medical conditions, behaviors, geographic exposures or '
medications that have the potential to affect the donor’s safety or the safety, purity, and potency
of Source Plasma. Implementation of new safeguards would change your donor interview SOPs, -
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and involve amending accepted SPDHQ documents (typically by adding a question at the end of
the questionnaire in the area designated for additional questions or by implementing new or
revised SPDHQ documents). If you do not use the acceptable SPDHQ documents, this would
involve amending your own questionnaire. We anticipate that in the event we recommend a new
donor deferral criterion, we will, in the same guidance, provide recommendations concerning
implementing and reporting to FDA the manufacturing changes associated with this change in -
procedure. If revised SPDHQ documents are available and found acceptable, we also intend to
recognize those SPDHQ documents as acceptable in the guidance document addressing the
donor deferrals. We intend to make all acceptable SPDHQ documents available on the FDA
website.

' We recommend that you have a procedure in place for implementing updated donor
questionnaire docurments in all your facilities.

V1. FOR MORE INFORMATION

If you have questions regarding this guidance and FDA policies for implementing the acceptable
SPDHQ documents, call OCOD at the numbers provided above.

If you have questions regarding the SPDHQ documents, contact PPTA by phone at 202-789-

3100, fax at (410) 263-2298 or online at http://www.pptaglobal.org/contact/defanlt.aspx.

You may view the SPDHQ documents that FDA has recogmzed as acceptable on the FDA
website at

http://www.fda.gov/Biolo g1csBloodVaccmes/BloodBloodProducts/ApprovedProducts/LlcensedP
roductsBLAs/BloodDonorScreening/ucm255235.htm.
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This document is one component of the full-length PPTA donor
history questionnaire documents to be used by source plasma
organizations that use an approved test for antibodies to HIV that
detect HIV-1 Group 0. The full-length PPTA donor history
questionnaire documents must be used collectively.
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Yes No
Are you
1. Feeling healthy and well today? g a
2. Currently taking an antibiotic or other medication for infection? (] (]
3. Currently taking any other medications? a a
Please read the medication list.
4. Are you now taking or have you ever taken any medications on a a
the medication list?
Please review the Risk Poster
5. Did you review the Risk Poster? a d
6. Do you have any questions about anything mentioned on the a u
Risk Poster?
In the past six weeks
7. Female donors: Have you been pregnant or are you pregnant a a Q1am
now? (Males: check "l am male.”) male
In the past two months
8. Have you had any vaccinations or other shots? (] a
9. Have you had contact with someone who had a smallpox a a
vaccination?
10.Have you donated whole blood, platelets or plasma at another (W (
center?
In the past four months
11. Have you donated a double unit of red cells using an apheresis (W (W
machine?
In the past 12 months, have you
12. Had a blood transfusion? g a
13. Received during surgery bone, tissue or skin? g a
14. Come into contact with someone else’s blood? g g
15. Had an accidental needle-stick? g g
16. Had sexual contact with anyone who has HIV/AIDS or has had a a a
positive test for the HIV/AIDS virus?
17. Had sexual contact with a prostitute or anyone else who takes a a
money or drugs or other payment for sex?
18. Had sexual contact with anyone who has ever used needles to (W (W
take drugs or steroids, or anything not prescribed by their doctor?
19. Had sexual contact with anyone who has hemophilia or hasused U a
clotting factor concentrates?
20. Female donors: had sexual contact with a male who has ever g g Q1am
September 2012 vl.2
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had sexual contact with another male? (Males: check “l am male.”)

male

21.

Had sexual contact with a person who has hepatitis?

22.

Lived with a person who has hepatitis?

23. Gotten a tattoo or had one touched-up?

24.

Had an ear or body piercing?

25.

Had or been treated for syphilis or gonorrhea?

26. Been in juvenile detention, lockup, jail, or prison for more than 72

hours?

ooo00o

ooo00o

From 1980 through 1996

27. Did you spend time that adds up to three months or more in the
United Kingdom? (Review map of UK Countries on the travel poster)

U

(W

28. Were you a member of the U.S. military, a civilian military
employee, or a dependent of a member of the U.S. military?

From 1980 to the present, did you

29. Spend time that adds up to four years or more in France?

30. Receive a blood transfusion in the United Kingdom or France?

(Review map of UK Countries on the travel poster)

From 1977 to the present, have you

31.

Received money, drugs, or other payment for sex?

32. Male donors: had sexual contact with another male, even once?

(Females: check “I am female.”)

(W

(W

Qiam

female

Have you EVER

33.

Had a positive test for the HIV/AIDS virus?

34. Used needles to take drugs, steroids, or anything not prescribed

by your doctor?

35.

Used clotting factor concentrates?

36.

Had hepatitis?

37.

Had a transplant such as organ or bone marrow?

38.

Received a dura mater (or brain covering) graft?

39.

Had any type of cancer, including leukemia?

40.

Had any problem with your heart or lungs?

41.

Had any problem with your liver or kidneys?

42.

Had a bleeding condition or a blood disease?

43.

Have any of your relatives had Creutzfeldt-Jakob disease?

oooo0oooo oo

poooo0oooo oo

Additional Questions:

September 2012
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This document is one component of the full-length PPTA donor
history questionnaire documents to be used by source plasma
organizations that do not use an approved test for antibodies
to HIV that detects HIV-1 group O. The full-length PPTA donor
history questionnaire documents must be used collectively.
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Yes

No

Are you

1. Feeling healthy and well today?

Q

2. Currently taking an antibiotic or other medication for infection?

3. Currently taking any other medications?

oo

Please read the medication list.

4. Are you now taking or have you ever taken any medications on
the medication list?

U

Please review the Risk Poster
5. Did you review the Risk Poster?

6. Do you have any questions about anything mentioned on the
Risk Poster?

In the past six weeks

7. Female donors: Have you been pregnant or are you pregnant
now? (Males: check "l am male.”)

a Oi1am

male

In the past two months

8. Have you had any vaccinations or other shots?

9. Have you had contact with someone who had a smallpox
vaccination?

(Wi

(Wi

10.Have you donated whole blood, platelets or plasma at another
center?

In the past four months

11. Have you donated a double unit of red cells using an apheresis
machine?

In the past 12 months, have you

12. Had a blood transfusion?

13. Received during surgery bone, tissue or skin?

14. Come into contact with someone else’s blood?

15. Had an accidental needle-stick?

16. Had sexual contact with anyone who has HIV/AIDS or has had a
positive test for the HIV/AIDS virus?

17. Had sexual contact with a prostitute or anyone else who takes
money or drugs or other payment for sex?

18. Had sexual contact with anyone who has ever used needles to
take drugs or steroids, or anything not prescribed by their doctor?

19. Had sexual contact with anyone who has hemophilia or has used
clotting factor concentrates?

20. Female donors: had sexual contact with a male who has ever

U O 0O 0 oOoOooo

U O 0O 0 oOoOooo

Oi1am

male

PPTA =
September 2012
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had sexual contact with another male? (Males: check “I am male.”)

21. Had sexual contact with a person who has hepatitis?

22.

Lived with a person who has hepatitis?

23. Gotten a tattoo or had one touched-up?

24.

Had an ear or body piercing?

25.

Had or been treated for syphilis or gonorrhea?

26. Been in juvenile detention, lockup, jail, or prison for more than 72

hours?

oooo0o

oooo0o

From 1980 through 1996

27.
United Kingdom? (Review map of UK Countries on the travel poster)

Did you spend time that adds up to three months or more in the

U

28. Were you a member of the U.S. military, a civilian military
employee, or a dependent of a member of the U.S. military?

From 1980 to the present, did you

29. Spend time that adds up to four years or more in France?

30.

Receive a blood transfusion in the United Kingdom or France?

(Review map of UK Countries on the travel poster)

00

00

From 1977 to the present, have you

31.

Received money, drugs, or other payment for sex?

32.

Male donors: had sexual contact with another male, even once?

(Females: check “| am female.”)

(W

(W

Oi1am

female

Have you EVER

33.

Had a positive test for the HIV/AIDS virus?

34.

Used needles to take drugs, steroids, or anything not prescribed

by your doctor?

35.

Used clotting factor concentrates?

36.

Had hepatitis?

37.

Had a transplant such as organ or bone marrow?

38.

Received a dura mater (or brain covering) graft?

39.

Had sexual contact with anyone who was born in or lived in

Africa? (review map of Africa on the travel poster)

40.

Been in Africa? (review map of Africa on the travel poster)

41.

Had any type of cancer, including leukemia?

42.

Had any problem with your heart or lungs?

43.

Had any problem with your liver or kidneys?

44.

Had a bleeding condition or a blood disease?

45.

Have any of your relatives had Creutzfeldt-Jakob disease?

o000 Ooooo oo

o000 Ooooo oo

Additional Questions:

DHQ
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This document i1s one component of the full-length PPTA donor
history questionnaire documents. This full length directions
for use contains information for all source plasma organization
regardless of HIV-1 Group O testing capabilities. The full
length PPTA Donor History Questionnaire Documents must be used
collectively.
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Source Plasma Full-Length PPTA Donor History Questionnaire
Directions for Use

Purpose: The PPTA Donor History Questionnaire (PPTA DHQ) Directions for Use is a
guideline designed as an aid for the plasma sourcing organizations to use in the
development of specific company policies and training materials related to donor
eligibility. The PPTA DHQ Directions for Use does not replace the company policy for
determining donor suitability. Each source plasma collection organization must have a
standard operating procedure (SOP) related to donor suitability to be used in
conjunction with the Directions for Use. The Directions for Use does not replace an SOP
for determining donor suitability. Both the Directions for Use and the SOP must be
available to staff performing health histories. Alternately, the Directions for Use contents
may be transcribed into the SOP.

Introduction: The following documents are included in this package: Two Full-Length
PPTA Donor History Questionnaires (PPTA DHQY), two Risk Posters, two Travel
Posters’, and a Medication List. The PPTA DHQ must be administered on the date of
donation as per Title 21, Code of Federal Regulations, Part 640.63(b). The
plasmapheresis center staff must provide to the prospective donor the Risk Poster, the
Travel Poster, and the Medication List, and any other material that the plasmapheresis
center’'s company policy requires to be used with the PPTA DHQ. These documents
should be incorporated into the company’s donor eligibility process, which includes the
physical examination and informed consent (each having its own educational
information), in a manner that conveys the importance of the donor history questions in
protecting the donor’s health and the safety of the plasma supply and the responsibility
of the donor to provide accurate information. The Risk Poster was designed to replace
the “AIDS Bulletin” which is currently used by plasmapheresis centers to educate
donors about HIV infection and AIDS. Also, for additional donor education, the Risk
Poster, the Travel Poster, and the Medication List may be prominently displayed in
designated areas.

Methods of Administration: The method of administration of the PPTA DHQ should
be in accordance with the plasmapheresis center’'s company policy.

The questionnaires were designed to be used by a health historian in direct donor
guestioning or by self-administration, with follow-up review (if necessary) by a trained
donor historian. A trained historian should be available to the prospective donor to
answer any questions concerning eligibility or the donation process. Donor screening
IS an active process involving open communication between donors and trained donor
historians. Donors should be encouraged to voice questions and concerns at any time
during the screening and donation process. Company policies should require that
donors be asked if they have questions and if they have had their questions answered.
This does not need to be a specific question on the questionnaire, but may be

! The questionnaire, risk poster or travel poster used is dependent on whether the plasma sourcing organization uses
a test to detect HIVV-1 Group O.
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incorporated into the donor eligibility process, including the physical examination, and/or
put into the informed consent.

Self-administration may occur in a computer-assisted self interview (CASI) process.
With CASI administration, the Risk Poster, Travel Poster and Medication List can be
provided in hard-copy form or in an electronic format. Formatting can be adjusted as
long as the order, content and wording are unchanged. Questions directed at one sex
can be omitted from sex-specific questionnaires. As stated above, a trained historian
should be available to a prospective donor to answer any questions concerning
eligibility or the donation process. For further instructions, refer to the CASI
manufacturer’s instructions and operator’'s manual.

If questionnaire is administered by a health historian in direct donor questioning, the
heading before each section should be stated along with the question to ensure the
specific timeframe or instruction is clear.

Deferral decisions can be made any time during the administration of the questionnaire.
Individual company policies will dictate whether an eligibility decision can be made prior
to completing the entire questionnaire. However, it is recommended that the
guestionnaire be completed before making a determination of eligibility since some
deferrals are temporary, but others are indefinite/permanent. Depending on the
sequence of questions, a donor could be deferred temporarily, only to return at a later
date and discover that he/she is permanently deferred due to the answer to another
guestion that was not answered on the previous visit.

Full-Length PPTA DHQ Format: The Full-Length PPTA DHQ questions were
composed for ease of understanding by the prospective plasma donor. The PPTA
DHQ questions are grouped by time period beginning with a question about “today” and
ending with questions relating to “have you ever”. The questions are therefore grouped
under headings. Depending on the method of administration, e.g., oral administration
by a health historian, the heading may need to be repeated with each question. The
PPTA DHQ questions and format were evaluated for comprehension; therefore, the
wording and the order of the questions should not be changed.

Additional Questions: Plasma sourcing organizations may choose to add “local”
additional questions to the end of the PPTA DHQ. If a collection facility chooses to add
"local" questions they should be grouped at the end of the DHQ in the area designated
for additional questions. Facilities should also use this area to incorporate new
guestions that are necessary due to new policies recommended by FDA and/or PPTA.
This area should be used until such questions can be formally incorporated into the
DHQ materials by PPTA. The questions will remain in the additional questions section
until a revised strategy for incorporation is found acceptable by FDA. If the new
question(s) result from FDA guidance, incorporation and implementation of the new
guestion(s) should be consistent with the current thinking in the FDA guidance
document that discussed the new question(s) or deferral. In order to delineate the
proper order of the questions PPTA will renumber the questions as needed when
guestions are added or deleted. Plasma sourcing organizations may choose to use a
different numbering system, but the order of the questions should not be changed.
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Plasma sourcing organizations should use the Medication List, as is, to elicit whether a
donor is currently taking or has taken the medications on the list. Information on other
medications may be provided as an appendage or separate document, as appropriate.

Questions to detect donors at risk for HIV Group O: The questions related to Africa
are recommended by FDA to identify donors who may be at risk for HIV Group O
infections. Plasma sourcing organizations utilizing an HIV test that has been approved
by FDA for donor screening to include a claim for detection of group O viruses may
delete these questions from their screening questionnaire and may renumber the
remainder of the questions (and related documents such as flow charts). All other
plasma collection centers must continue to use these questions as formatted. To assist
in the ease of administration of the questions related to Africa, PPTA created two sets of
documents: (1) to be used by those who use a test approved to detect HIV-1 Group O
and (Il) those that do not. Therefore, there are two Risk Posters available and two
Travel Posters available. The posters that may be used are dependent on whether the
source plasma organization uses an approved test for detection of HIV-1 Group O. The
appropriate version of the risk and travel poster that is chosen should be used in its
entirety.

Capture Questions: The PPTA DHQ uses “capture questions” that may require donor
historian intervention or follow up. Capture questions are general questions that when
answered “yes” require additional questions or information to determine donor
suitability. Some follow-up questions are included in the PPTA DHQ Directions for Use
but since specific donor eligibility criteria may vary from one plasma sourcing
organization to another, an affirmative response to some questions may require
consultation with the plasmapheresis center's company policy.

Attention Questions: In order to assure that donors who self-administer a paper PPTA
DHQ maintain focus, several “attention” questions are included. An example of an
attention question is: “In the past 6 weeks, have you been pregnant or are you pregnant
now?” (Males check “I am male”) An inappropriate answer to the question would be a
male answering “yes” or “no.” Each plasma sourcing organization must define the action
of the donor historian when a donor inappropriately answers the attention questions.
Attention questions may not be necessary when using other techniques to assure donor
focus, such as CASI or oral screening by a donor historian.

Full-Length PPTA DHQ Administration Frequency: The Full-Length PPTA DHQ was
designed as a stand alone questionnaire that may be used at each donation. It may also
be used in conjunction with an abbreviated form for frequent donors. Use of the full-
length questionnaire in conjunction with the abbreviated questionnaire is discussed in
the PPTA Abbreviated Donor History Questionnaire Directions for Use.

PPTA DHQ Directions for Use Flow Chart Format: The PPTA DHQ Directions for
Use is modular and uses flow-charting to guide organizations through the donor
guestionnaire process. Each question is a complete section that begins on a new page
so that changes to the PPTA DHQ and the Abbreviated PPTA DHQ can be easily
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modified in the PPTA DHQ Directions for Use. Each section contains the following
information:

Question: Question number and the question

Donor Eligibility: This section provides additional information to the donor
historian on donor eligibility with respect to each question.

Note: Optional field that provides additional relevant information relating
to the donor question.

Flow Chart: Each question is flow-charted using standard flow-charting
symbols.

Square: Statement

Diamond: Question/decision point
Oval: Action

Arrow: Move to the next question.

Each question ends with an arrow that indicates to “move to the next question”;
however, plasmapheresis centers must follow their established policies to determine if
the donor suitability process is completed when it is known that the donor will be
deferred.

Donor Deferrals: For some questions, a “yes” answer calls for a required donor
deferral either indefinitely or for a specified period of time. A required deferral is
designated in the flow chart by the Action “Defer donor” followed by “indefinitely” or with
the time period established by FDA regulations/recommendations or “per company
policy”. For the latter, the organizations will use their established policies and
procedures to determine if and when the donor may be eligible to return. In some cases,
such as a donor providing a history of having had cancer, company policy will dictate
the follow-up questions that are required to determine donor eligibility. Evaluation “per
company policy” may deem the donor eligible to donate without a period of deferral.
Additionally, when a question provides information to support deferral of the donor “per

company policy”, “per company policy” cannot be less restrictive than what is clearly
delineated in FDA policy.

Documentation: Answers to the questions that are cause for donor deferral must be
documented according to the plasmapheresis center's company policy. Each
plasmapheresis center's company policy must define how the donor responses to the
follow up questions will be documented.

Maintenance/Change Control: The Plasma Protein Therapeutics Association (PPTA)
is responsible for the maintenance of the PPTA Donor History Questionnaire project
documents. Documents are posted on the PPTA website. Periodically the PPTA Donor
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History Questionnaire, the accompanying documents or the directions for use will be
updated or revised by the PPTA DHQ task force as required for compliance with
regulatory and accrediting agencies. PPTA member companies will be notified of the
changes and timeline for implementation in existing publications and on the PPTA
website, and all updated documents will be made available on the website. It is the
responsibility of plasmapheresis centers to make changes in their forms, procedures
and processes to incorporate these revisions within the specified time.
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GLOSSARY

The following terms are defined in the context of their use in the PPTA Donor History
Questionnaire.

DONOR CLASSIFICATION

Applicant Donor — All individuals presenting themselves who have not been previously
qualified as a donor within the past six (6) months.

Qualified Donor — All individuals who have been qualified for continued donations by
successfully passing two donor medical history screenings and required viral testing.

QUESTIONNAIRE TERMS

Attention Question — Questions in the Donor History Questionnaire that are designed
to test if the donor is paying attention. EXAMPLE: In the past six weeks, have you
been pregnant or are you pregnant now? (Males check: “I am Male”)

Capture Question — A guestion that covers a broad topic. When an affirmative answer
is given, additional follow-up questions to elicit additional information are asked by the
donor historian. EXAMPLE: Have you ever been to Africa? If the donor answers yes,
additional questions must be asked.

Self-administered Questionnaire — A questionnaire that the donor completes on
his/her own, followed by donor health historian review.

CASI — Computer-assisted Self-interviewing system. Most often the system consists of
an interactive computer screen. Questions are asked in written format, with or without
graphics and audio.

TYPES OF CONTACT

Contact with Blood — (1) a needlestick or other sharps injury from an instrument that
has been used on any individual or patient; (2) exposure to non-intact skin (e.g., skin
that is chapped, abraded, or afflicted with dermatitis); (3) a human bite that breaks the
skin; (4) exposure to eye, nose, or mouth i.e., the mucous membranes.

Sexual Contact — The meaning of the words “sexual contact with” and “sex” are
identical, and apply to any of the following activities, whether or not a condom or other
protection was used: (1) Vaginal sex (contact between penis and vagina); (2) Oral sex
(mouth or tongue on someone’s vagina, penis, or anus); (3) Anal sex (contact between
penis and anus).
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Close Contact with Smallpox Vaccination Site — Touching the vaccination site,
including the bandages covering the vaccination site; touching/handling materials that
might have come into contact with an unbandaged vaccination site including clothing,
towels, and bedding.

Lived With — Residing in the same dwelling in which kitchen and bathroom facilities are
shared. Donors that have the same address would not be considered under the term
“lived with” unless kitchen and bathroom facilities are shared.
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TYPES OF DEFERRAL

Indefinite Deferral — Prospective donor is unable to donate blood for someone else for
an unspecified period of time due to current regulatory requirements. EXAMPLE: A
prospective donor who states that they lived in England for 1 year in 1989 would be
deferred indefinitely. This donor would not be able to donate blood until the current
requirement changes.

Permanent Deferral — Prospective donor will never be eligible to donate blood for
someone else. EXAMPLE: A prospective donor states that he/she has Hepatitis C.
Additionally, some permanent deferrals may result from the testing performed on a
previous donation.

Temporary Deferral — Prospective donor is unable to donate blood for a limited period
of time. EXAMPLE: A prospective donor who has received a transfusion within the last
12 months would be deferred for 12 months from the date of the transfusion.
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Question #1: Are you feeling healthy and well today?

Donor Eligibility: A donor should be free of infectious diseases on the day of donation.
Donors who are not in good health should not donate until it is determined that the underlying
condition is not cause for deferral.

Question #1

Are you feeling
healthy and well
today?

( Donor eligible >7

A

No

Consult company policy and
assess donor to determine if
deferral is indicated.

No

Is donor
deferral
indicated?

Yes

A 4

Defer donor per\ .‘, Next question
company policy
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Question #2: Are you currently taking an antibiotic or other medication for infection?

Donor Eligibility: A donor with an infection should not donate. The reason for antibiotic use
must be evaluated to determine if the donor has a bacterial infection that could be transmissible
by blood.

Question #2

Are you currently
taking an antibiotic or
other medication for
infection?

Donor eligible

Consult company policy
and assess underlying
medical condition.

. .. No
Is medical condition cause

for deferral?

v v
< Defer donor per \ Next question

company policy J
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Question #3: Are you currently taking any other medications?

Donor Eligibility: The reason for use of a medication to treat a medical condition must be
evaluated (follow company policy).

Question #3

Are you currently
taking any other
medications?

Donor eligible

Consult company policy
and assess underlying
medical condition.

l

Is medical condition
cause for deferral?

No

A 4

Defer donor per \ Next question
company policy
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Question #4: Are you now taking or have you ever taken any medications on the medication
list?

Donor Eligibility: Donors taking certain designated medications, currently or in the past, must
not donate plasma, whole blood or platelets.

Question #4

A 4

Medication List was
provided to donor.

!

Are you now taking or have you
ever taken any medications on
the medication list?

Donor eligible -

Determine the
medication(s) and when
last dose was taken.

l Yes, if donor has
EVER taken one of
these medications.

Defer donor

>\ permanently.

e Tegison
e Human GH

Yes, if donor has
taken this medication
since 1980.

- Defer donor
'\ indefinitely.

Beef or Bovine
insulin?
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No, the donor took another medication on the list.

Soriatane? Yes, within last 3 years. Defer donor for 3

>|  years from last
dose.
Yes, over 3 years ago,
or
No, never taken it.
Yes, within last 6 months Defer donor for 6
Avodart or Jalyn? »( months from last
dose
Yes, over 6 months ago
or
No, never taken it.
Proscar?
Propecia? Yes, within last month. /
Accutane? ./ Defer donor for \ —
Amnesteem? K 1 rlnon:jh from
Claravis? ast dose

Sotret?

Yes, but over a month ago,
or
No, never taken it.
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Hepatitis B exposure to Hepatitis B.

Yes, within the last year for

R / Defer donor for

Immunoglobulin
(HBIG)?

Yes, but over a year ago,
or
No, never taken it.

Yes, if donor has
EVER taken one of
these medications.

Experimental or

"\ 12 months from
administration

ﬁ)efer donor for 1

» year or refer to

Unlicensed
Vaccine or
Medication

No

v

Medical Director
per company

policy

17

A

v

<Donor Eligible \
4
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Question #5: Did you review the Risk Poster?

Donor Eligibility: The Risk Poster includes information on risk activities for HIV/AIDS, viral
hepatitis, and other infectious diseases that may be transmitted through blood. Therefore,
potential plasma donors must read the Risk Poster information provided during the donor
interview to determine if they are at risk of transmitting infectious diseases.

Question #5

v

Risk Poster was
provided to donor.

Yes

Did you review the
Risk Poster?

=<Donor Eligible >7

ﬂk

lNo

Determine why donor did
not review the Risk Poster.
Consult company policy for

proper handling.

Yes

Is the donor eligible?

No

Defer Donor per
company policy

A 4

Next question
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Question #6: Do you have any questions about anything mentioned on the Risk Poster?

Donor Eligibility: The Risk Poster includes information on risk activities for HIV/AIDS, viral
hepatitis, and other infectious diseases that may be transmitted through blood. Donors should
be encouraged to ask questions if material is not understood. For donor deferral follow company
policy.

Question #6

Do you have any No

guestions about ‘/ -
anything mentioned on ,\Donor Eligible
the Risk Poster? ﬂ‘

Yes

Determine donor eligibility
per company policy

Yes

Is the donor eligible?

No

v
Defer Donor per\

; »| Next question
company pollcy/
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Question #7: Female donors: In the past six weeks, have you been pregnhant or are you
pregnant now? (Males: check "I am male”)

Donor Eligibility: A female with a known pregnancy or who has been pregnant in the last six
weeks should not donate blood or plasma.

Question #7

|

Female donors:
In the past six weeks,
have you been pregnant
or are you pregnant now?
(Males: check "l am
male”)

No or “I am male”
> Donor Eligible

Yes

A

Defer donor for 6\
weeks or per
company policy

v

Next question
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Question #8: In the past 2 months have you had any vaccinations or other shots?

Donor Eligibility: Certain vaccinations may contain a live virus. A donor who has been
exposed to a live virus via vaccination should not serve as a donor. For other shots, consult
company policy to determine eligibility.

Question #8

No
In the past 2 months / \
have you had any »( Donor eligible
vaccinations or any \
other shots?
Yes
No Determine details of shots and

vaccinations. Determine eligibility
per Company Policy.

Woas the vaccination for
smallpox?

v

\ 4

Next question

Fewer than or

When were you equal to 21 days Defer donor until 21

vaccinated? »| days after vaccination
date.
More than
21 days
v
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Is the scab still on?

Did the scab fall off by

22

Defer donor for 21 days after
vaccination date or until scab
spontaneously falls off,
whichever is later.

;n)efer Donor 56 days\

itself?

Did you have any illness

Yes

after vaccination date.

:@fer until 14 days after

or complications due to
the vaccination?

No

\symptoms resolve.

\ 4

Next question

<Donor Eligible >
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Question #9: In the past 2 months have you had contact with someone who had a smallpox
vaccination?

Donor Eligibility: Certain vaccinations may contain a live virus. A donor who has been exposed to
a live virus via vaccination should not serve as a donor. For other shots, consult company policy to
determine eligibility.

[ Question #9 ]

1

In the past 2 months
have you had contact

with someone who had a
smallpox vaccination?

( Donor eIigib@

Have you had any new
skin rash, skin sore, or
severe complication*
since the time of contact?

v

Defer 3 mos. from
date of the contact’s
vaccination; if date is

not known, defer 2

mos. from current

Did your scab(s)
separate
spontaneously?

Was it a rash or
complication?

date.
Complication
( Donor eligible\ >
4
. , Less than 14 days
Has it been 14 days since »/ Defer for 14 days
the symptoms went after symptoms
resolve.
14 days or more
L Next question
Donor eligible- N >
( gble—

*Severe complications include the following: rash (resembling blisters) covering a small or large area of the body;
necrosis (tissue death) in the area of exposure; encephalitis (inflammation of the brain); infection of the cornea (eye)
and localized or systemic skin reaction in someone with eczema or other chronic skin condition.
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Question #10: In the past two months have you donated whole blood, platelets or plasma at
another center?

Donor Eligibility: A donor who has donated a unit of whole blood should not donate blood or
plasma for a period of 8 weeks. A donor who has donated platelets (cellular component that
aids in clotting blood) or plasma by apheresis should not donate more than two times in a
seven-day period at intervals of no less than two days apart. For other blood components or
conditions of collection (e.g., less than a unit of whole blood), the donor should be deferred for
the period established in the company policy.

Question #10

In the past two months
have you donated whole
blood, platelets or plasma
at another center?

Donor eligible J

A

Determine type of donation(g

Determine date of donation(s

Consult company policy for
eligibility.

~—

Yes

Is donor
eligible?

[

Defer donor per
company policy /

v

Next question

\ 4
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Question #11: In the past four months have you donated a double unit of red cells using an
apheresis machine?

Donor Eligibility: A donor who has donated a double unit of red cells (the volume of red cells
in two units of blood) by apheresis should not donate blood or plasma for a period of four
months (16 weeks). The donor is attached to a machine similar to the one used for plasma
donation. However, the donor’s plasma is given back to the donor, and the blood collection
facility keeps the two units of red blood cells. The 4-month deferral is needed for the donor to
replace the red cells donated.

Question #11

No
In the past four months

have you donated a
double unit of red cells
using an apheresis
machine?

=< Donor eligible

\ A 4
Defer donor for 16 »| Next question
weeks from date of
donation
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Question #12: In the past 12 months have you had a blood transfusion?

Donor Eligibility: A donor who has received a transfusion of blood, platelets, plasma or other
blood component should not donate blood or plasma for 12 months following the transfusion,
due to possible transmissibility of infectious disease.

Question #12

In the past 12 months
have you had a blood
transfusion?

Donor eligible

\ 4

Defer donor 12 months
from date of exposure y

Next question

v

event
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Question #13: In the past 12 months have you received during surgery bone, tissue, or skin?

Donor Eligibility: A donor who has been exposed to tissues during surgery should not donate
blood or plasma for 12 months following exposure, due to possible transmissibility of infectious
disease.

Question #13

In the past 12 months
have you received during
surgery bone, tissue, or
skin?

No /
> \\ Donor eligible

Yes

\4

Next question

Defer donor for 12\

months from date of
exposure or event

v
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Question #14: In the past 12 months have you come in contact with someone else's blood?

Donor Eligibility: Persons who have had one of the following during the preceding 12 months:
1) contact of an open wound, non-intact skin or mucous membrane with the blood of a person,
or 2) a needle-stick or other sharps injury from an instrument that has been used on a person,
are deferred for 12 months from the date of exposure. Infectious diseases may be spread

through contact with blood.

Question #14

In the past 12 months
have you come in contact
with someone else's
blood?

Defer donor for 12

No

Donor eligible

v

months from date of
contact
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Question #15: In the past 12 months have you had an accidental needle-stick?

Donor Eligibility: A donor who has been exposed to someone else's blood through a needle-
stick should not donate blood or plasma for 12 months following exposure, due to possible
transmissibility of infectious disease.

Question #15

In the past 12 months
have you had an
accidental needle-stick?

Donor eligible

A 4

Were you exposed to No
someone else's blood

through the needle-stick?

Donor eligible

v

Yes or don't know

v

Next question

Defer donor for 12 \
months

v
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Question #16: In the past 12 months have you had sexual contact with anyone who has

HIV/AIDS or has had a positive test for the HIV/AIDS virus?

Donor Eligibility: Persons who have had sexual contact with persons with clinical or
laboratory evidence of HIV infection are deferred for 12 months from the date of last contact.
HIV may be transmitted through sexual contact with an infected person.

Note: Not all donors define "sex" or "sexual contact" in the same way. The donor must have

read the Risk Poster provided.

Question #16

In the past 12 months
have you had sexual
contact with anyone who
has HIV/AIDS or has had
a positive test for the
HIV/AIDS virus?

Defer donor for 12\

Donor eligible

A 4

months from last
exposure date
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Question #17: In the past 12 months have you had sexual contact with a prostitute or anyone

else who takes money or drugs or other payment for sex?

Donor Eligibility: Persons who have given money or drugs in exchange for sex (sexual
contact) are deferred for 12 months from the date of the last sexual contact. HIV and other

diseases may be transmitted through sexual contact.

Note: Not all donors define "sex" or "sexual contact" in the same way. The donor must have

read the Risk Poster provided.

Question #17

In the past 12 months
have you had sexual
contact with a prostitute or
anyone else who takes
money or drugs or other
payment for sex?

Defer donor for 12\

Donor eligible

A 4

months from last
exposure date
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Question #18: In the past 12 months have you had sexual contact with anyone who has ever
used needles to take drugs or steroids, or anything not prescribed by their doctor?

Donor Eligibility: Persons who have had sexual contact with persons who, in the past or
present, have used needles to take drugs, steroids, or anything not prescribed by their doctor
are deferred for 12 months from the date of the last sexual contact. HIV and other diseases may
be transmitted through sexual contact.

Note 1: Not all donors define "sex" or "sexual contact" in the same way. The donor must have
read the Risk Poster provided.

Note 2: The phrase "use of a needle" includes intravenous use, "skin popping" (injection under
the skin), "mainlining” (arterial injection) and any other use of a needle to administer drugs,
steroids or anything else not prescribed by their doctor.

Question #18

In the past 12 months
have you had sexual
contact with anyone who
has ever used needles
to take drugs or
steroids, or anything not
prescribed by their
doctor?

Donor eligible

A 4

Next question

N
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Question #19: In the past 12 months have you had sexual contact with anyone who has
hemophilia or has used clotting factor concentrates?

Donor Eligibility: Persons who have had sexual contact with any person who has received
clotting factor concentrates is deferred for 12 months. HIV and other diseases may be
transmitted through sexual contact.

Note: Some hemophiliacs are not treated with clotting factor concentrates.

Note: Not all donors define "sex" or "sexual contact" in the same way. The donor must have
read the Risk Poster provided.

Question #19

In the past 12 months have you No

had sexual contact with anyone
who has hemophilia or has
used clotting factor
concentrates?

Donor eligible

4

No
Has that person used clotting
factor concentrates?

Was it a one time
medical use?

Yes

No

v

Defer donor for 12\

months /

\ 4

Next question
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Question #20: Female donors: In the past 12 months have you had sexual contact with a
male who has ever had sexual contact with another male? (Males: check "I am male”)

Donor Eligibility: Women who have had sexual contact with men who have had sexual
contact with another man even one time since 1977 are deferred for 12 months from the date of
last sexual contact. HIV and other diseases may be transmitted through sexual contact.

Note: Not all donors define "sex" or "sexual contact" in the same way. The donor must have
read the Risk Poster provided.

Question #20

Female donors: In the
past 12 months have you
had sexual contact with a
male who has ever had
sexual contact with
another male? (Males:
heck "l am male”

No or
“I am male”

Donor eligible

\ 4
Defer donor for 12 \ Next question
months or per company
policy

v

Full-Length - Source Plasma Industry ~ September 2012 v1.2
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Question #21: In the past 12 months have you had sexual contact with a person who has
hepatitis?

Donor Eligibility: Persons who report having had sexual contact with a person who has
hepatitis are to be deferred for 12 months from the time of last exposure. Hepatitis, particularly
hepatitis B, may be spread through sexual contact.

Note: Not all donors define "sex" or "sexual contact" in the same way. The donor must have
read the Risk Poster provided.

Question #21

No

In the past 12 months have
you had sexual contact with a
person who has
hepatitis?

=\ Donor eligible

A 7 N

Non-viral

Determine type
of hepatitis

l Viral

Determine type of Asymptomatic Hepatitis C
viral hepatitis

Hepatitis A or B,
Symptomatic Hepatitis C,
or unknown

\ 4 v

Defer donor for 12
months from last sexual
contact

v

Next question

Full-Length - Source Plasma Industry ~ September 2012 v1.2
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Question #22: In the past 12 months have you lived with a person who has hepatitis?

Donor Eligibility: Persons who have lived with a person who has hepatitis are deferred 12
months from the date of last contact. Hepatitis, particularly Hepatitis A and B, may be spread
through saliva.

Note: “Lived with” means residing at the same address and sharing bathroom and kitchen
facilities.

Question #22

l

In the past 12 months
have you lived with a
person who has

hepatitis? x 'y

No

e

> Donor eligible

No

Did you share a bathroom
and kitchen facility?

Yes

Determine type Non-viral
of hepatitis

Viral

A 4

Determine type of Asymptomatic Hepatitis C

viral hepatitis

Hepatitis A or B,
Symptomatic Hepatitis C,
or unknown

\ 4

Defer donor for 12 \ Y
months from last contact Next question

or per company policy

v
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Question #23: In the past 12 months have you gotten a tattoo or had one touched-up?

Donor Eligibility: Persons who have received a tattoo in the previous 12 months are deferred
for 12 months from the date of the tattoo application because there may be a risk of
transmission of infectious diseases. If tattoos have been applied using sterile needles and non-
reused ink (such as in establishments licensed by a state or credentialed by a responsible
certifying body), donors may be acceptable for donation (follow company policy).

Question #23

In the past 12 months
have you gotten a tattoo
or had one touched-up?

Donor eligible

A 4

Defer donor for 12\ »| Next question

months from last tattoo or
per company policy

Full-Length - Source Plasma Industry ~ September 2012 v1.2
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Question #24: In the past 12 months have you had an ear or body piercing?

Donor Eligibility: Persons who have had ear or body piercing during the previous 12 months
are usually deferred for 12 months from the date of procedure. Unless ear or body piercing have
been done using single-use equipment, there may be a risk of transmission of infectious
diseases.

Question #24

In the past 12 months No N
have you had an ear or Donor eligible
body piercing?

Defer donor for 12 months

v

from last piercing or per
company policy

Full-Length - Source Plasma Industry ~ September 2012 v1.2
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Question #25: In the past 12 months have you had or been treated for syphilis or gonorrhea?

Donor Eligibility: Persons who have had syphilis or gonorrhea or treatment for either are
deferred for a minimum of 12 months from the date that treatment is completed.

Note: Should a donor volunteer that they were tested and found positive for either syphilis or
gonorrhea, deferral is indicated.

Question #25

In the past 12 months No
have you had or been
treated for syphilis or

gonorrhea?

Donor eligible

A 4

Next question

Defer donor for 12 montrh

v

from treatment completion
or per company policy
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Question #26: In the past 12 months have you been in juvenile detention, lockup, jail, or
prison for more than 72 hours?

Donor Eligibility: Persons who have been detained or incarcerated in a facility (juvenile
detention, lockup, jail, or prison) for more than 72 consecutive hours (three days) are deferred
for 12 months from the date of occurrence. These persons are at higher risk for exposure to
infectious diseases.

Note: The reason for incarceration (e.g. white-collar crimes) does not change the deferral.

Question #26

In the past 12 months
have you been in juvenile
detention, lockup, jail, or
prison for more than 72
hours?

Donor eligible

A 4
Next question

v

Defer donor for 12
months from release date

Full-Length - Source Plasma Industry ~ September 2012 v1.2
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Question #27: From 1980 through 1996 did you spend time that adds up to three months or
more in the United Kingdom? (Review map of UK countries on the Travel Poster)

Donor Eligibility: Donors who have spent time that adds up to three months or more in the
United Kingdom from 1980 through 1996 are indefinitely deferred. Donors may be at risk of
developing vCJD from eating beef from the UK (England, Northern Ireland, Scotland, Wales, the
Isle of Man, the Channel Islands, Gibraltar, or Falkland Islands.). There is a risk of transmitting
vCJD through blood transfusion.

Note: When responding to question, donor should be presented with Travel Poster. The Travel
Poster should be available to donor for subsequent questions related to travel.

Question #27

A 4

Travel Poster was
provided to the
donor.

rom 1980 througt
1996 did you spend time
that adds up to three
months or more in the
United Kingdom? (Review
map of countries in the UK
on the Travel Poster)

No
Donor eligible

Defer donor \ Y
indefinitely j Next question

v
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Question #28: From 1980 through 1996 were you a member of the U.S. military, a civilian
military employee or a dependent of a member of the U.S. military?

Donor Eligibility: Members of the U.S. military, a civilian military employee, or a dependent of
a member of the U.S. military are indefinitely deferred if they spent a total of six months or more
associated with a military base in any of the following countries: From 1980 through 1990 in
Belgium, the Netherlands, or Germany; From 1980 through 1996 in Spain, Portugal, Turkey,
Italy or Greece. Much of the beef supplied to U.S. military bases during these time periods came
from the United Kingdom (U.K.). As a result, these U.S. military personnel may be at risk of
developing vCJD and transmitting vCJD through blood and plasma.

Note: The countries are listed on the Travel Poster and are noted on the map as an additional
aid in answering the follow-up question.

Question #28

From 1980 through
1996 were you a member
of the U.S. military, a civilian
military employee or a
dependent of a member of
the U.S. military?

Donor eligible

A

Did you

spend a total time of

six months or more associated

with a military base in any of the
following countries: -

From 1980 through 1990 in Belgium, the

Netherlands, or Germany; -

From 1980 through 1996

in Spain, Portugal,

Turkey, Italy or

Greece?

Yes v

Defer donor \ »| Next question
indefinitely /

Full-Length - Source Plasma Industry ~ September 2012
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Question #29: From 1980 to the present, did you spend time that adds up to four years or
more in France?

Donor Eligibility: Donors who have spent time that adds up to five years or more in France
from 1980 to the present are indefinitely deferred. Donors may be at risk of developing vCJD
from eating beef in France.

Note: It was determined that asking the donor if they have spent time up to four years or more
in France, which is more restrictive than the FDA regulatory recommendation, allows the
guestion to coincide with the administration of the full length questionnaire to a qualified donor
at the required yearly interval. This eliminates the need to ask this question every 4 months
within the abbreviated questionnaire.

Question #29

From 1980 to the present, did No
you spend time that adds up to

four years or more in France?

Donor eligible

\ 4

Defer donor \

\ 4

Next question

indefinitely
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Question #30: From 1980 to the present did you receive a blood transfusion in the United
Kingdom or France? (Review map of countries in the UK on the Travel Poster)

Donor Eligibility: Donors who received a transfusion of blood, platelets, plasma,
cryoprecipitate, or granulocytes in the UK (England, Northern Ireland, Scotland, Wales, the Isle
of Man, the Channel Islands, Gibraltar, or the Falkland Islands) or France from 1980 to the
present are indefinitely deferred. Donors may be at risk of developing vCJD through transfusion.

Question #30

l

From 1980 to the
present did you receive a
blood transfusion in the United
Kingdom or France?
(Review map of countries in the UK
on the Travel Poster)

Donor eliaible

Defer donor

A 4

Next question

indefinitely f

Full-Length - Source Plasma Industry ~ September 2012 v1.2



45

Question #31: From 1977 to the present have you received money, drugs, or other payment
for sex?

Donor Eligibility: Donors who received money, drugs, or other payment for sex are
indefinitely deferred. HIV and other diseases may be transmitted by sexual contact.

Note: Not all donors define "sex" or "sexual contact” in the same way. The donor must have
read the Risk Poster provided.

Question #31

From 1977 to the present
have you received money,
drugs, or other payment for
sex?

Donor eligible

A 4
Defer donor \ Next question

indefinitely /

v
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Question #32: (Male Donors) From 1977 to the present, have you had sexual contact with

another male, even once? (Females: check "I am female”)

Donor Eligibility: Male donors who have had sexual contact with another male, even once,
since 1977 are indefinitely deferred. Males who have had sex, even once, with males may be at

increased risk of transmitting infectious diseases.

Note: Not all donors define "sex" or "sexual contact” in the same way. The donor must have

read the Risk Poster provided.

Question #32

(Male Donors) From 1977

sexual contact with another
male, even once?
(Females: check
"I am female”)

Defer donor \

No or “l am

to the present, have you had

Donor eligible

\ 4

indefinitely

Full-Length - Source Plasma Industry ~ September 2012
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Question #33: Have you ever had a positive test for the HIV/AIDS virus?

Donor Eligibility: Donors with clinical or laboratory evidence of HIV/AIDS are permanently
deferred.

Note: Donors who have been re-entered through FDA-approved protocols may be eligible for
donation.

Question #33

Have you ever had a positive

test for the HIV/AIDS virus? Donor eligible

\ 4
Defer donor \ Next question
permanently /

\ 4

PPTA .

DHQ
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Question #34: Have you ever used needles to take drugs, steroids, or anything not prescribed
by your doctor?

Donor Eligibility: Donors who have taken any drug with a needle are permanently deferred
due to potential transmission of infectious disease.

Note: The phrase "use of a needle" includes intravenous use, "skin popping" (injection under
the skin), "mainlining” (arterial injection) and any other use of a needle to administer drugs,
steroids or anything else not prescribed by their doctor.

Question #34

Have you ever used needles to
take drugs, steroids, or anything
not prescribed by your doctor?

Donor eligible

\ 4
Defer donor \ Next question

permanently /

v
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Question #35: Have you ever used clotting factor concentrates?

Donor Eligibility: A donor who has been exposed to clotting factor concentrates should not
donate blood due to possible transmissibility of infectious disease.

Question #35

No

Have you ever used clotting

Donor eligible
factor concentrates?

v

Yes N Defer donor for 12

'\ months

Was it a one time medical
use?

v
Defer donor \

indefinitely j Next question

A 4

Full-Length - Source Plasma Industry ~ September 2012 v1.2
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Question #36: Have you ever had hepatitis?

Donor Eligibility: Donors who have a history of viral hepatitis after their eleventh birthday are
indefinitely deferred.

Question #36

Have you ever had

H fitis? Donor eligible
epatitis”

Determine how old
donor was.

Yes

Was it before your
eleventh birthday?

No

v

Defer donor \

Next question
indefinitely

N

Full-Length - Source Plasma Industry ~ September 2012 v1.2



Question #37: Have you ever had a transplant such as organ or bone marrow?

Donor Eligibility: A donor who has had an organ or bone marrow transplant should not
donate plasma.

Question #37

Have you ever had a No
transplant such as organ Donor eligible
or bone marrow?

\ 4

Next question

Defer donor per \

v

company policy

Full-Length - Source Plasma Industry ~ September 2012 DH v1.2



52

Question #38: Have you ever received a dura mater (or brain covering) graft?

Donor Eligibility: Donors who have received a dura mater transplant or graft may be at risk
for Creutzfeldt-Jakob disease and are indefinitely deferred.

Question #38

Have you ever received a
dura mater (or brain
covering) graft?

Donor eligible

A 4

Next question

Defer donor \

v

indefinitely

5
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Question # 39: Have you ever had sexual contact with anyone who was born in or lived in Africa
(Review map of Africa on the Travel Poster)?

Donor Eligibility: If the donor had a sex partner who was born in or lived in certain countries in Africa
(see list below) after 1977, the donor is indefinitely deferred. Donors who have had sexual contact may
have been exposed to rare strains of HIV that are not detected by current test methods.?

Note: 1) Not all donors define “sex” or “sexual contact” in the same way. The donor must have read the
Risk Poster. 2) The countries are listed on the Travel Poster and noted on the map as an additional aid in
answering the follow-up question.

[ Question #39 ]

Have you ever had sexual
contact with anyone who
was born in or lived in
Africa? (Review map of

Africa on Travel Poster

Donor eligible

Did this sex partner
leave Africa before or
after 19777

Left before 1977

Left after 1977

Was this sexual partner born in
or did he or she live in any of
the following countries in Africa:
Cameroon, Central African
Republic, Chad, Congo,
Equatorial Guinea, Gabon,
Niger, Nigeria, Senegal, Togo,
Zambia, Benin, or Kenya?

No

? Plasma sourcing organizations using an HIV test that has been approved by FDA to include a donor screening
claim for detection of Group O virus may eliminate this question during screening and use the full-length
questionnaire that deleted these questions and corresponding risk and travel poster.

Full-Length - Source Plasma Industry ~ September 2012 v1.2
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Question # 40: Have you ever been in Africa (Review map of Africa on the Travel Poster)?

Donor Eligibility: Donors who were born in or have lived in certain countries in Africa since 1977
(see list below) are indefinitely deferred. Donors who have received a blood transfusion or any other
medical treatment in Africa are indefinitely deferred.?

Note: The countries are listed on the Travel Poster and noted on the map as an additional aid in
answering the follow-up question.

[ Question #40 }

Have you ever been in
Africa? (Review map of
Africa on Travel Poster)

No

> Donor eligible

1

Were you born in
or did you travel to
Africa before or
after 19777

Before 1977

After 1977

Have you ever lived in or
traveled to any of the following
countries in Africa: Cameroon,
Central African Republic, Chad,
Congo, Equatorial Guinea,
Gabon, Niger, Nigeria, Senegal,
Togo, Zambia, Benin, or
Kenya?

No

® Plasma sourcing organizations using an HIV test that has been approved by FDA to include a donor screening
claim for detection of Group O virus may eliminate this question during screening and use the full-length
questionnaire that deletes these questions and corresponding risk and travel poster.

Full-Length - Source Plasma Industry ~ September 2012 v1.2
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e Consult SOP to determine if
deferral is indicated.

e Apply deferral as indicated or
continue.

Is donor deferred for
travel to or being born
in African countries?

While you were there,
did you receive a blood
transfusion or any other
medical treatment that
involved blood?

No

v

Defer Donor Next question
Indefinitely /

\ 4

PPTA ..

Q)
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Question #41 (#39 of Full-length Questionnaire I): Have you ever had any type of cancer,
including leukemia?

Donor Eligibility: Donors with a history of cancer must be evaluated and deemed eligible to
donate per company policy.

Question #41

Have you ever had any
type of cancer, including
leukemia?

No
Donor eligible

v

Defer donor per Next "uestion
company policy / i

PPTA .

5
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Question #42 (#40 of Full-length Questionnaire I): Have you ever had any problem with
your heart or lungs?

Donor Eligibility: Donors must be free of acute respiratory disease. Donors with a history of
diseases of the heart and lungs, including acute diseases, must be evaluated (follow company
policy).

Question #42

Have you ever had any
problem with your heart or
lungs?

Donor eligible

\ 4

Next question

Defer donor per

company policy j

v
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Question #43 (#41 of Full-length Questionnaire I): Have you ever had any problems with
your liver or kidneys?

Donor Eligibility: Donors must be free of liver and kidney diseases. Donors with a history of
diseases of the liver or kidneys must be evaluated (follow company policy).

Note: If donors need examples of liver and kidney diseases, some examples include: Kidney -
kidney stones, renal insufficiency, renal disease, nephritis; and liver — cirrhosis, fatty liver
(cholestasis).

Question #43

Have you ever had any
problems with your liver or
kidneys?

Donor eligible

A 4
Next question

v

Defer donor per
company policy j
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Question #44 (#42 of Full-length Questionnaire I): Have you ever had a bleeding condition
or a blood disease?

Donor Eligibility: Donors with a history of bleeding problems should be evaluated (follow
company policy).

Question #44

Have you ever had a No .
bleeding condition or a Donor eligible
blood disease?

\ 4

Next question

Defer donor per\

»
>

company policy
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Question #45 (#43 of Full-length Questionnaire I):
Creutzfeldt-Jakob disease?

Have any of your relatives had

61

Donor Eligibility: Donors with a blood relative with Creutzfeldt-Jakob disease are indefinitely

deferred.

Note: If laboratory testing (gene sequencing) shows that the donor does not have a mutation

associated with familial CJD, the donor may be eligible

Question #45

Have any of

your relatives had No or don't know

;[ Donor eligible

Creutzfeldt-Jakob
disease?

Related by marriage

Was this
person related by blood

A

or by marriage?

Related by blood

v

Defer donor \

\ 4

Continue donor
processing as

indefinitely /

Full-Length - Source Plasma Industry ~ September 2012
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Medication List

Please review this list carefully, and tell us if you are taking or have taken any of these medications.

Medication

Which is also
known as...

And is usually used
for...

In the last...

You should not donate because the medication
may...

Accutane
Amnesteem
Claravis
Myorisan
Sotret

Isotretinoin

Severe acne

Propecia

Proscar

Finasteride

Baldness

Enlarged prostate gland

Avodart
Jalyn

Dutasteride

Enlarged prostate gland

6 months

Soriatane

Acitretin

Severe psoriasis

3 years

Tegison

Etretinate

Severe psoriasis

Ever

Harm patients who receive medications prepared from
your plasma by causing birth defects in unborn babies

HepaGam B
HyperHEP B S/D
Nabi- HB

Hepatitis B
Immune Globulin

Exposure to hepatitis B

12 months

Harm patients who receive medications prepared from
your plasma by increasing the risk of transmitting
hepatitis

Growth hormone
from human pituitary glands

Delayed growth in
children

Bovine or beef insulin

Diabetes

Harm patients who receive medications prepared from
your plasma by increasing the risk of transmitting CJD
or vCJD

Harm patients who receive medications prepared from

Any experimental or unlicensed vaccine or medication . )
plasma. Medical evaluation needed.

If you are taking or have taken these medications you may not be eligible to donate PLASMA, whole blood or platelets!

September 2012 v1.2



This document is one component of the full-length and abbreviated PPTA donor
history questionnaire documents for collection facilities that use an
approved test for antibodies to HIV that detect HIV-1 Group O. The full-
length and abbreviated PPTA donor history questionnaire documents must be
used collectively.
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Source Plasma Industry Risk Poster |

Sexual contact means any of the following (whether or not a condom or barrier device was used):
e  Vaginal intercourse (contact between penis and vagina)

e  Oral sex (mouth or tongue on someone’s vagina, penis, or anus)

e  Anal intercourse (contact between penis and anus).

Do NOT donate PLASMA, whole blood or platelets if you...

Had HIV/AIDS (see list of symptoms below)
Had a positive test for HIV (AIDS virus)
Had a positive test for hepatitis

Had hepatitis (after your 11" birthday)

Ever *
e Used needles to take drugs, steroids or anything not prescribed by your doctor
e Used clotting factor concentrates for a bleeding disorder
e Had a transplant such as organ or bone marrow
e Received money, drugs or other payment for sex
Since 1977 |« (Maledonors ) Had sexual contact with another male, even once

In the last y
12 months .

Have given money, drugs or other payment for sex

Have been treated for

e syphilis

e gonorrhea

“Lived with” a person who has hepatitis (lived at same residence and shared kitchen and bathroom)

Had a blood transfusion or received other blood products

Received during surgery bone, tissue or skin
Had an accidental needle-stick involving exposure to blood
Had contact with someone else’s blood

Had a tattoo applied
Had ear or body piercing

Have been in

e juvenile detention For more than
e lockup 72 hours

. Jal|

e prison

Had sexual contact with anyone who:

Has HIV/AIDS (see list of symptoms below)

Has a positive test for HIV (AIDS virus)

Has hepatitis

Used needles to take drugs, steroids or anything not prescribed by their doctor

Has hemophilia or has used clotting factor concentrates

(Female donors) Had sexual contact with a male who has had sexual contact with another male, even once

Signs or symptoms of HIV/AIDS:

e  Unexplained weight loss
Night sweats

]
e  Blue or purple spots in your mouth or skin
e  White spots or unusual sores in your mouth

Swollen lymph nodes for more than one month
Fever of more than100.5 °F for more than 10 days
Cough that won't go away

Shortness of breath

Diarrhea that won't go away

September 2012

v1.2




This document is one component of the full-length PPTA donor history questionnaire documents for
source plasma organizations that use a test for antibodies to HIV that detects HIV-1 group O. The full
length PPTA donor history questionnaire documents must be used collectively.



Travel Poster |

Area Country Type Of. Travel or Time Period Deferral Period Reason for
Residence Deferral
e England
Europe e Northern Ireland 3 months or more Between 1980 and 1996
e Scotland
o Wales
* Thelsle of Man Received a blood Since 1980
. The Channel Islands transfusion in
o Gibraltar
e The Falkland Islands Possible risk
4 years or more of vCJID
and/or .
e France received a blood Since 1980 Indefinite (There is no
transfusion in test for
Falkland Islands | * Belgium 6 months or more vCJD)
(off the Eastern coast of | ® Netherlands associated with a US | Between 1980 and 1990
South America) e Germany military base
e Spain
o Portugal 6 months or more
o Turkey associated with a US | Between 1980 and 1996
o ltaly military base
e Greece
September 2012 vl1.2
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