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Usutu virus — potential risk of human disease in Europe
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Usutu virus (USUV) is an African mosquite-barne
flavivirus, member of the japanese encephalitls
antigenic group. This avian virus is transmitted by
arthroped vectors {mainly mosguitoes of the Culex
plpfens complex). it Is well known that free-living
hirds, Including migratory species, have the poten-
tial to disperse certain pathogenle mi¢roorganisms.
Usutu virus has recently been introduced to Europe
and Is spreading through Austria, Hungary, [taly,
Spain and Switzerland, causing disease in birds andg
humans. Like Wast Nile virus, USUY may become a
resident pathogen in Europe and the consequences
for public health should be considered. Many differ-
ent blotic and abiotic factors affect the survival of
the virus in a new envirorment and influence the effi-
clency of Its gesgraphlcal dispersal. In this article,
we consider the possibility of including USUV infec-
tions among the vector-borne diseases to bhe moni-
tored in Eurape.

Baclcground

Usutu virus {USUV) is an African mosquito-borne virus
of the family Flaviviridoe, genus Flavivirus, belonging
to the Japanese eacephalitis serocomplex [1). From an
ancestral flavivirus with a bird/mosguite natural cycle
evolved the different flaviviral species present today,
such as USUV and West Nile virus (WNV) in Africa, Asia
and Europe, japanese encephalitis virus {fEV) in Asia,
Murray Valley encephalitis virus in Australia and 5aint
Louis encephalltis virus in the Amerlcan continent.
USUY was originally isolated from a mosquito (Culex
neavei) In 1959 in South Africa, Further USUV strains
were detected from different bird and mosquito spe-
cies in Africa in subsequent years, but human dis-
ease (rash and fever) has only been reported once, In
the Central Akrican Republic [2,3]. In the past, USUV
was not considered as a potential threat for humans
because the virus had never been associated with
severe or fatal diseases in animals or humans, and it
had never befora been abservad cutside tropical and
subtropical Africa,
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Avian, horse and vector surveillance

In the summer of 200z, USUV emerged in Austria, caus-
ing deaths in several species of resident birds, espe-
cially among birds of the order Passeriformes [4-6],
In the Following years, the virus has been detected in
dead birds andfor masguitoes in several countrles,
including Hungary (2005) [7], Italy {2009} (8], Spaln
{2006 and 2009) [9,10] and Switzerland (2006} [21].
USUY infection has also been demonstrated serologi-
cally in wild bird hosts in the Czech Republic (2005)
[12], England (2001-2052) {13], Germany {z007) [14],
Italy (2007) [15], Poland (2006) 16], Spain (2003-2008)
{17} and Switzertand {2006) {1B] (Figure). The recurrence
of the virus. over several years in Austria (z001-2006)
[19l, Hungary (2003-2006) [7], italy {2006-2008) |8]
and Spaln (2008, 2009) [9,10) suggests elther frequent
reftroduction of the wirus or, more likely, persistence
of the transmission In the affected areas, possibly
through overwintering mosquitoes. Comparisons of
pathologlc alterations revealed similar lesions in birds
Infected in the Austrian, Hungarian, ltallan and Swiss

* USUV outbreaks, and these findings were supported by

partial nucleotide sequence analysis with »o5% identity
hetween the viruses which emerged in Vienna in 2001,
in-Budapest in 2005, and in Zurich and Milan in zoaé.
A one-time Introduction of USUV from Africa to Eurape
{Vienna) is therefore highly likely, and this particular
strain has since been spreading In Central Europe [11),
However, a two-year study carried out in z008 to 2009
in Italy to monitor the USUV circulation within the West
Nile Disease (WND) national surveillance plan suggests
a different scenario [zo], In that work, sentinel horses
and chickens, wild birds and mosquitoes were sampled
and tested for serological and virelogical evidence of
USUV. Serocenversion In sentinel animals praved that
the virus had circulated In Italy in these two years. In
addition, the study demonstrated USUV infection In
horses for flrst time In Evrope, Sequence comparison
of USUV detected From different species fn different
tounties showed that two different stralns of USUY
are llkely to have circutated in Haly between 2008 and

2009, and these strains have adapted to new hbsts
and vectors to become establlshed In new areas.

Recant human cases and

clinical characteristics

In the end of the summer 2000, the vitus was associ-
ated with neurological disorders in two immunacompra-
mised patients (both had received blood transfusions}
in Raly [21,22], I addition, USUY was isolated from
the blood obtained from one of these subjects during
the acute stage of disease, The patients were detected
cancirrently with the actlve survelllance programme
of btood and organ donatlans that the public health
authority of the Emilia Romagna region had Initiated in
August 2008, based an several veterinary and entomo-
logical reports of WNY circulation in north-eastern italy
[23], The two infections could be conslstent with local
transmission, efther directly through a masquito bite
or Indirectly through an infected donor. Bath patients
had in common that they were Immunosuppressed and
had received blood transfusions in the same period of
time (August zoog). As transmission for WNV through
blood products and transplantation has been docu-
mented [24.25], screening for WNV was perfarmed of
bloed samples and organ donations from 15 [une to
31 October, with negative results, The two patients
wete the first human cases of USUV neuroinvasive
lilness desctibed worldwide, The common clinical
symptoms were persistent fever of 39.5 °C, headache
and neuralogical disease (Impaired neuralogleal Func-
tions). One patient developed a fulminant hepatitis, a
pathology that had been described previously in rare
cases of WNV Infection [26,27]. In bath patients, the
clinical picture was similar, with a clear involvement
of the central nervous system, resembling the related
WNV neurglnvasive disease. Whether this new tropism
was associated with new characteristics of the infect-
Ing viruses, with a possible inoculation route thraugh
transfuslon, andfor to the underlylng diseases of the
patients still remains unclear, but these findings rein-
force the need for further investigations. Tha partial
sequences obtained from cerebrospinal fluid (CSF)
and plasma samples of these patients were more than
98% identical with the viruses that had emerged in
Vlenna and Budapest (in-2o01 and 2005, respectively)
[21,22]. In a recent phylogenetic study of sequences of
UsUY strains obtained in ltaly In 2009 from mosqul-
toes, birds and humans, the sequences obtained from
human hosts clustered with the sequences obtained
frem birds, which would indicate an endemic distribu-
tion of USUY In Europe [206].

Diagnostics

Cllnical susplclon of USUV infection requires {abora-
tory canfinmation. Within taboratory methods, we can
distingulsh between direct methods (detecting the
virus by celf cultrre or genomic amplification) and
Indirect methods {detect the antibody response to the
Infaction), Serolagical diagnosis of USUY infections in
homans will tequire an approach similar o the one used

far WNV. Although there is a lack of experlence about .

USUV infection In humans, it is assumed that its incu-
bation period will be twe to 14 days, that USUV will be
detectable In C5F and serum in the acute stage of the
disease, and that 1gM antibodies will appear five days
after onset of fever, in analogy o the current knowt-
edge about the pathogenesis of WNV-related illness
In hgmans. Antibodles may persist in serum for many
months after infection [28). Diagnosis of USUV will not
be easy, partlcularly in areas where circulation along
with others cross-reacting floviviruses occus. That is
the case for WNV and tick-barne encephalitis virus in
several European ceuntries [2g]. Unti$ mare specific
diagnostlc methods are developed and made avail-
able for diagnostic laberateries, antibady detectlon
could be carried out using cress-reacting ELISA meth-
ods designed for WNV diagnosis. It i5 alsa expected
that cross-reactivity will he higher for 1gG than For
IgM detection; consequently, development of tests
for USUV-specific 1gM is needed mare urgently. As an
already available alternative, acute and canvalescent
sera sheuld be tested for seroconversion af 1gG anti-
bodies using in-house or commarcial E [SA tests hased o
on WNV antigens. Cross-reactions can be resolved by "~
parallef titraticns against vartous flaviviruses in assays
for neutralising antibodies, which are more specific

FIGURE

Diagnaostic capacities for Usutu virus in European
cpuntries in the ENIVD netwark and detection of the
virus in mosgquitoes, birds, horses and/or humans

= No informatian

2 No methods

mem Direct methods

mm Direct and indirect methads

ENIVD: European Network for Dlagnostics of Imported Viral
Discases. .

Colaur code Indlcates diagnostic capacities: direct method s detect
the virus by cell culture ¢r genomic amplification, Indirect methods
delect the antibody response ta the infectlon.

Animal symbols indicate detectian of Usury virus In these speties:
geographica! distrioution is indicated either by virus detection
(spi;:ies In whire) or by evidente of neutralising antibodles {dark
greyl.
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than ELISAs but can be performed only in specialised
taboratories that can handle hazardous viruses [30].

The possibility of USUY to infect and cause severe new-
rological syndromes in humans makes it necessary to
develop new affordable and rapid molecular methads
for its detection. Recently, a specific real-time RT-PCR
assay has been developed to identify USUY in human
plasma, serum and CSF samples. This technique has
allowed the detection of USUV in three CSF specimens
that were collected in the summers of 2008 and zoog
from 44 patients with suspected meningoencephalitis
and were negative for WNV [31]. Hawever, serological
testing is still needed and important to identify infec-
{ion after the viraemic stage. In Europe, most of the
countries are prepared for detecting USUV genome in
human or bird samples (Figure), generally using cross-
reactive or generic methods for detecting faviviruses.
More speclfic technlques are required, especially for
thase countries with direct evidence for WNY andjor
USUV circulation (Austria, Belarus, Bulgatia, Czech
Republic, France, Hungary, ltaly, Moldova, Portugal,
Romania, Russia, Slovakia, Spain and Ukraing) [32],
and new methods are being designed to identlfy and
distingulsh USUV from other atboviruses, pasticularly
from members of the |JEV group that have been circulat-
Ing In Europe [31,33]. In Fact, a false-positive result of a
WNV RT-PCR was reported in Italy in 2009 in 3 patient
with viraemia caused by USUV [23].

Surveillance and control

The number of recent notifications of mesquito-borne
diseases in the European Union in 2010 is a reason
far concern. These events Involved different types of
pathogens like WNV, USUV, dengue virus, chikungunya
virus and Plesmedium sp, some of which are consid-
ered typical for tropical areas. This current sityation
triggered a request from the European Commission
for a risic assessment [y4). The overall objective of
this consultation was to acquire a tomprehensive
understanding of the transmissian potential for mos-
quita-borne diseases In Europe In order to propose
recommendations for preparedness actions. The final
conclusion was to develop a tool for decislon making in
WNV Infection preparedness and control, which would
guide countrles through the complexities of respand-
ing to any alerts or outbreaks of this disease.

n Europe, WNV re-emerged In Rornania, where it was
first assoclated to neurologlcal disease [35]. Since
then, the virus has been detected with increasing
activity in several European countries [36], Includ-
Ing ttaly, where it was circulating at least In 2008 and
2009, with eight and 16 human cases, respectively, of
West Nite neuroinvasive disease [37]. Because of WNV
circulation in Italy with newroinvasive cases in humans
and horses [38,35], a regional surveillance plan was
Implemented starting from zoo8 la0). Thanks to, these
WNV surveillance activities antibodies against WNY
and USUV were detected in Italy in 2009 in sentinel
animals (horses and chickens), wild birds and provided

waw. edrosurveillznce.arg

evidence of cacircutation of WNV and USUV In mosqui-
{oes and birds in the same area [20,41,42].

That five human YSUV Infections have recently been
detected In areas where an effective survelllance for
WNV exists, suggest that thls disease may also be
under-recognised in some other areas where the sur-
veiliance for WNV is lacking or poorly implemented,
Both viruses seem to be able to cause neurological
disease fn humans under certain circumstances. The
emergence of USUV in Europe, even if nat presently
considered a major threat warrants the enhancement of
surveillance plans for nevroinvaslve ilness durlng the
summer season, corresponding o the peak of activity
of potential vectors. The extension of surveillance to
flaviviruses other than WNY will require new diagnostic
procedures and the development of more specific sero-
logical tests that can be used in the field [42), As WNV
and USUV viruses share many eco-epidemiologleat
and virologlcal characteristlcs, WNV surveiliznce pro-

. grammes could be easily adapted to survey also USUV

In hirds, horses, mosqultoes and human samples.
This approach should be based cn the development
of adequate and standardised differential laboratory
diagnosis using validated methods (serolagtcal and
molecular) enabling the differential detection of WNV
and USUV infections, especially In those countries with
demonstrated co-circulation of both viruses (at least
Austria, Hungary, Waly, and Spain). A specific real-
time RT-PCR assay to identlfy USUV In human plasma,
serum, and CSF that has been developed [31) Is very
helpful for donar screening and diagnostics, Some of
the melecular techniques deslgned to detect WNY can
also amplify the signal for USUV due to false positlve
results by lack of specificity in the technique,

A surveillance programme for USUY in Eurppe could
be very similar to national surveillance systems for
WNV that are already implemented in some countries
in Europe. in fact, in those European countries which
have implemented a national WKV surveillance plan,
this could be used in parallel for USUV surveillance.
These pragrammes consist of kuman, veterlnary and
entomological surveiliance. The objective of passive
and active human survelllance systems would be the
early detection of infection In humans. This activity
should be performed by serology andfor detectlon

-of the viral genome in blood and cerebrospinal fluld

frem all suspected cases suffering from acute menin-
goencephalitis. In this regard, It would be important
ta raise the awareness of clinicians for this emerging
disease, which may improve the sensitivity of the sur-
velllance system. Since the diagnosis of encephalltis
is of general importance, the inclusion of USUY diag-
nostics for differenttal diagnosls in cases of unknown
orlgin should be conslidered for extended screening
of aetiologies. Key requirements for a possible future
survelllance study at European level have already been
suggested [3o]. Animal surveillance should be per-
formed on the basls of passive and active survefllance
of horses and non-migratory wild birds. Entomological

surveillance should be based on the weekly to monthly
(frequency depeading on local resources) collection of
mosquitaes |n fixed statlons and at sites where USUV
activity has been demonstrated ascertained in birds,
humans or horses,

As suggested by Chvala et al. [5], mosqulte monitar-
ing and screening of wild birds are suitable to detect
USUV circolation and could reglace surveiflance of
dead birds when bird mortality drops because of herd
immunity. Although virclogical surveitlance (with
molecular techniques} may be preferable over sero-
loglcal monitoring because It aveids cross-reactions
with other flaviviruses, they are impeded by shart-
lived viraemia, when serology |5 still possible due to
long-lasting serum antibodies, Sera reacting to both
WNY and USUV were detected in other studies using
tests with low specificity such as haemagglutination
inhibition {19} or ELISA f15]. #laque reduction neutrali-
satien has to be performed to confirm positive sera,
but this test is complex, costly, time-cansuming and
not accessible for laboratories lacking high biocon-
tainment facilities.

As for WNY, surveillance of wild birds and vectors will
be used in the coming years to forecast the spread
of USUV. The information gathered will be used to
develop actlons to prevent virus transmission, such as
vector monitering and control, informatlon campaigns
to Improve personal protection, and screening tests for
donor htood, tissue and organs.

Counclusions

in Europe the risk exlsts that potential emerging infec-
tlous diseases, such as those caused by WNY or USLRY,
will not be recognlsed in time by existing surveillance
infrastructures of the various European countries [43).
As treatments for USUV and WNV are not available,
there is a need to strengthen survetitance. Circulation
of USUV In Austria, Hungary, italy and Spain dur-
Ing consecutlve years and seroronversions reported
recently in sentinel anlmals and detectlan of virus In
wild birds in Jtaly, show that these territories are suit-
able to support USUY crculation between vectors and
vertebrate hosts, as well as overwintering, enabling the
establishment of endemlic cycles. This Indicates a need
to organise standard survelllance measures and early
warning systems to detect WNV and USUV activity,
and to assess the risk for public health. Establishing
a European surveiltance system by grouping the exist-
ing resources and introducing a standardised reporting
and diagnostic system is essential for future prepared-
ness and response. This surveillance system should be
sensitive and able to detect USUV and WHY circulatlan
at an early stage. A multidisciplinary approach should
be considerad when evaluating the risk of USUV and
WNV transmission, and the contribution of the diifer-
ent components (mosquitoes, birds, horses, humans)
shewld be carefully assessed.
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For the 1st time human infection with the trapieal Usuty virus has been detected In Germany. It was
confirmed in danor biood, when & total of 4200 bleed samples were analyzed for antibodfes.

entls, edited]
[ I

ael-vins-in-de

The information was released by Jonas Schmidt-Chanasit, a virologist with the Bernhard Nocht Institute
(BNI) for Troplcal Medicine In Hamburg on Monday [20 Aug 2012].

The affected man from Gross-Gerau (Hesse) ¢laims to have expariencad no symptoms of ilness,

Orfginating from Africa last surnmer (2011), Usutu virus has been the cause of a mass die off of
blackbirds in southwest Garmany. Apain this summer dozens of birds have died. Usutu virus was found
in mosqultoes (_Culex plpiens_) in Germany and can be transmitted to humans,

According to the 8N] the donor blood was collected in January this year [2012) from the outbreak reglon
betwaen Frankfurt and Frelburg. According to experts, the infection of the man at that time was rather
recent. Schmidt Chanasl warned agalnst overestimating the finding: “Yes, there has been an Infection,
but it 1s not dramatic; after all It is only one of 4200 blocd tests- Just do not panic,” he sald,

‘The Infectlon can be assoclated with faver, headache and rash, according to the virclogists. in eldarly or
deblitated people, the virus could, as a worst case, cause inflammation of the brairr. The disease can
only be transmitted through a mosquito bite, the mere touch of a diseased bird does not cause Infaction.
Sehmidt Chanasit urged the doctors to send In samples If patients shaw suspiclous symptoms.

Qutside Africa, the virus had appeared the 1st time in 2001 in the Vienna ares; In 2009 2
immunocompromised patlents In italy bacame infected.

During this summer [2012] thousands of birds have died already in Southwest Germany, *Fight against
mosquitaes plague (Kabs) In the Palatine Forest Lake,” the Sclentific Director of the Municipal Action
Group Norbert Becker, said. "Daad birds ara reported by the hour,”

The region around Neustadt an der Weinstrasse and Landaw and the Rhina-Neckar reglon to the
Kraichgau in Baden-Wurttemberg Is affected by the mass mortality,

"It’s even worse than last year," sald Becker. There are areas wherz no more blackbird are be seen, The
affected area this year Is much larger than In 2011, The sttuation Is so dramatic becauss the
mosquitoes, with current temperatures, find Ideal breeding conditions, Beckar and his team and have
already callected naarly 300 dead blackbirds, Becker sald.

The Usutu virus was found already In the summer 2011 in the batder reglon of Rhineland-Palatinate,

Hesse and Baden-wurttemberg whera it Infected and klilled bundreds of thousands of blackbirds. The
virologist Chanaslk Schmidt is convinced: “The virus will keep us busy for the next few years.”

hitp:/fwww.promedmail org/direct php?id=20120821.1255556

ProcMED-1neil §

22 A=l

-- Communicated by: Sablpe Zentis Castleview English Longhemns Gut Laach D-52385 Nideggen
Germany

[With the repeat of blackbird mertality seen last year (2011), and now, human Infecton, there is
addltional evidence that Usutu viris has hecome endemic In Germany. As Mod.AS noted In the ProMED-
mall post of 16 Sep 2011, "USUV 1st detection cutsida Africa took place In Vienna, Austria, in 2001, )
causing deaths in blackbirds [ Turdus merula_} and graat gray awls {_Strix nebulbsa_). In 2002, USUY
was stlll circulating I Austrla, demonstrating that USUV has rmanaged ko overwinter In a loca! bird-
mosquite eyele in central Europe, More recently, USUV-spedific RMA or antigen was also detected in birds
or maosqultoes In Hungary, Switzertand, Itzly and Spaln, In the summer of 2008, USUV-related iliness
were reported in 2 Immunocompromised patients in Italy, Antibadies were detected in UK in wild birds in

2002." .

Usutu Is a member of the mosguite transmitted Aaviviruses belonging to the Japanese encephalitls virus
group,

ProMED thanka Sabine Zentls for sending In the above repart and Its translation, Roland Hubner of the
Belglan Superlor Health Councll also sent in this report, aleng with the foliowing reference that assesses
human risk of Usutu virus Infection,

Refarence

Vazguez A, JImenez-Clavers MA, Franoo'L, Doneso-Mantke &, Sambrl ¥, Nledrlg M, Zeller H, Tenorlo A,
Usutur virus - potential risk of human disease In Europe. Euro Survelll, 2011;16(31):plim19935. Avallable

online: H 8, O .A5pXTA| = s O

A HealthMap/ProMED-mall map of the area Indlcated tn Germany can be accessed at
httpiiiheaithmap.ora/r/2Pgp. -~ Mad.TY]

Sea Afso

Usutu virus - Germany (02): blackhirds 20120725, 1215627
Usutu virus - Germeny: mosquito isolate 20120425,1114006
2011

Usutu virug - Germany (02): birds, conf, 20110916,2827
Usutu virus - Germamy: mosquito isolate, birds susp. 20110813 27937
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Bacterial skm flora and contamination of blood components'
do we defer blood donors wisely?
5. Pastila,’ M. Liinaroth,’ R. Heikkild," H. Heikkils? B P. Carlson’

*Finnish Red Cross Bioad Service, Heisinki, Finkind
elsinki University Hospital, Department of Dermatology, Helsinki, Friond

VOX Sa N g l.li n ES Background and objectives Bacterial infection through contaminated blood is
currently the greatest infection risk in relation ta a transfusion. Deferral of prospec-
tive blood donors with a skin disorder is a common practise, because bacteria usu-
ally originate from the donor’s skin. The effectiveness of current deferral guldelines
to prevent the bacterial cantamination of blood has not been assessed.

Materials and methods  We recruited 55 blood danors with a skin disorder that
prevented donation, and matched three controls for each case. The donors filled out

a questionnaire and one bacteral culture sample was taken from venepuncture
forearm skin.

Results The median total number of colany forming skin bacteria was signifi-
cantly higher in the cases (224 CFUs per sample) than contrals {105 CFUJ per sam-
pie]. Staphylococcus aurcus was signifrcantly more often present on the skin in
cases {49%) as compared to controls {7%). Regarding other bacterial genera, no
difference between cases and controls was found.

Conclusions  This study shows that our current guidelines for deferral of bload
donors with skin disorders effectively identifies individuals with a high number of
bactetia on their skin, as well as 5. aureus carriers, However, deferral due to skin

Received 22 July 2011 disarders had only a minor impact on blond product contamination when compared
revised 18 Joniory 2012, to.ather actions.

accepled 24 Jonuory 2012, Key words: bacterial contamination, blood collection, donors, quality management,
published online 20 Febriary 2012 transfusion-transmissible infections.

Introduction . Finland, we have calculated that approximately one death

every & years is due to & coataminated blood component
While the risk of traasfusion-transmitted viral diseases has [unpuhblished data).

diminished during the last 10 years due to new testing and As 3 platelet concentrate is the blood component most
pracessing methodologies, the tisk of bacterial infection susceptible to bactedal propagation, a bacterial culture of
through a contaminated blood companent has more or less all platelet components has been introduced in many blood
remained the same (1) In the USA, two to elght deaths per  establishments in order to contral the risk fo patients. The

year are attributable to blood component contamination
and sepsis [2]. The United Kingdemn Serious Hazards of
Transfusion (SHOT) reported six confirmed sepsis cases n
2008 and two in 2009 due to a contaminated blood compe-
bent; frve of the eight patienis survived the infecton [3]. In

Correspondence: Satu Pastila, Fnnish Red Cross Blood Service, Kvihaantie
7. 00310 Helksinkl, finland

E-mail: satupastila@@bis.redeross.f

introduction of a toutine bacterial culture of platelet com-
ponents has reduced but not eliminated the risk of contami-
nation {4].

Between 0-€% and 3-9% of dunated whole blood is con-
taminated with bacteria [5, 6]. Approximately 0-3% of red
ceil units is cantaminated with bacteria [1]. Of platelet com-
ponents, up to 0-65% are confirmed positive {n bacterial
culture, but it is, however, rare for the contamination to
caust clinical infection in the recipient [7].
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Bacteria that contaminate bloed derive from the donor's
skin or are present in blood if the donatien takes place dur-
ing bacteraemia. As bacteraemia is nowadays highly
improbable in a healthy Individual, the most significant
source of bacteria is the donor's skin. Bacteria are intro-
duced into whole bBlopd mainly within a skin plug which
enters the collection system via a needle, with the first
blaod. The diversion of the first blood into a sample pauch
has been shown to reduce the bacterial contamination risk
by 47-72% [6, 8). Improved skin disinfection and fust
blood diversion has been shown to reduce bacterial
centamination by 77% [9].

Skin bacteria, such as Stapkylococcus sp., are majer
causes of life-threatening bacteraemia. Staphylococcus
awrrus, in particular, is notorious, resulting in a 24% case
fatality rate on average and even higher mortality when
methicillin resistant [10]. In Finland, & aguress is the
third prevalent cause of sepsis adding up to 12% of al
hacteraemic infections in aduits [11}.

Human skin is constantly populated with micro-organ-
isms, reflecting the habits, hohbies, profession and environ-
ment of an individual. Microbes colenize the human body
during birth and shortly thereafter. The body of a newborn
will be colonized by a wide armay of microbes, many of
which are cammensal ot symbiotic to humans [12].

In adults, the normal resident flora of skin is composed
of a fairly stable set of genera, mostly aerabes. These
organisms survive and multiply on skin and may alse

- inhabit deep epidermal layers. The normal flera of skin

usually consists of Staphylococcus species, including in
some cases low levels of S. awreus, Micrococcus species,
Coryrebacterium species, Proplonibacterium species, non-
pathogenic MNedsseria species, alpha-haemolytic and non-
kaemolytic streptococc and some Gram-negative bacteria
and yeasts [13].

Transient flora usually inhabits skin or mucous mem-
branes for hours or days. These organisms can be readily
transmitted unless they are removed. If normal flora is
disturbed, iransient micro-organisms may colonize skin,
proliferate and produce disease or infection. Methicillin-
resistant Staphplococens aurcus (MRSA) may also be part
of transient skin flora,

The numbers and proportions of different microbes can
vary due to forces from both inside and outside the body.
Elevated temperature and humidity increase the total num-
ber of bacterial population. As a rule, Gram-negative bacte-
1ia are numerous only on areas where humidity of the skin
is high [14].

The bacterita of normal flora function as a physiolegical
and mechanical protection from harmful materdals and
substances. The resident normal flara of the skin represents
bacteria of low virulence and it therefore rarely causes
significant infections [15].

Absarmalities in skin flara due to skin infections, the use
of antimicyobial agents, and skin disorders such as atopic
skin, are well known and decumented [16, 17}, Hospital
admission is also known to affect skin flora by direct skin
colonization with particular hospital-related species [18].
Work place, pets and hobbies are also known to affect skin
flora [9, 16, 19, 20).

There are no statistical data on the quantity and guality
of skin flora in mild skin conditions, which do net require
hespital cutpatient care or admlssion, or which are stabi-
lized or healed. Furthermore, distinction between normal
and abnormal sidy is vague, and bacterial flota af healthy
skin of an atopic person resembles that of a normal, non-
atopic skin [21, 22].

We currently use the following skin diserder-related ¢ri-
teria for bloed donor deferval: active rash or a skin disorder
with & size greater than the blaod danar's own palm, or any
kind of current skin infection, anywhere on the doner's skin.
‘The puncture site must be free of any rash or skin disease.

We conducted the study in order 1o evaluate the appro-
priateness of our skin disorder-related deferral criteria and
to obtain information on mild skin diseases’ contribution to
bacterlal skin flora,

Materials and methods

Cases and controls

The 55 cases were blood donots identified at blood dona-
tion sessions as they were deferred from blood domation,
according to our current criteria, due to skin condition. We
recruited three contrals for each case, a total of 165 con-
trals. The controls were blood dorors of the same gender
and from the same geographical area as the case. The
controd's zge was within 5 years of the case's age.

Both cases and controls filled out a form with questions
on demegraphic characteristics, data on skin condition, and
use of anlimicrobiat agents. Only controls donated blacd.

Skin sampling

Samples were collected fram July 2007 until April 2008.
Microbiological sampling took place through the year in
order to cover pessible climate-related variations in skin
flora.

As only one-person conducted all the microbinlogical
satapling, and while study participants resided in different
geographical areas, the sampling of cases took place with-
inl week of their identification and recruitment. Controls
were sampled oh average within 23 days after the case was
identified and sampled.

Skin flora samples were coliected using Columbia blood
agar contact plates 55 mm in diameter {Heipha, Heldelberg,
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Germany). Before skin disinfectlon, the agar surface of the
contact plate was applied directly onto the venepunchare
site on the donors forearm and even pressure was applied
for 10 5. After contact plate sampling, the same area was
swabhed with an Amies Charcoal transport swab (Technical
Service, Heywood, UK). In controls, blood was collected
from the other arm.

Culture systems

Within 24 h of collection, the contact plates were placed in
incubation at 35 + 2°C for 2 days. The number of calonies
on the contact plate was counted or estimated if too numer-
ous to count. Visually different types of colontes were sub-
cultured on sheep blood agar (Heipha, Heidelberg,
Getmany). The swab samples en blood agar were incubated
as described above. The swab plates were only used for
singling our colonies when the contact plates were over-
Erown. The typing of colonies to a genus or species level
was performed by conventional microbiological methods
[15]. The level of identtfication was chosen in accordance
ta the estimated clinical significance. Additionally, all
5. aureus strains were tested for methicillin resistance.
One strain was additionally tested for the mec-A gene
(GenoType® MRSA, RioPraducts, Austria).

We cultured the residual whole bloed from the satple
pouches of 165 controls. The sample poucth valume
allowed only 10 ml of residual blaod for culture, after
sampling for blood donor screening. The cultured volume
was 10 m1 of blood in alt controls, except for four sam-
ples, in which the volumes were 8 ml, 7 mi, 5 m], and
3 ml. The reason for smaller volume was that sample
pouches had not been maximally filled. The sample was
cultured by an automated microbial detection system
[BacT/ALERT 3D, hioMérieux, Durham, NC, USA) using
aerchie culture bettles.

Sample size and data analysis

Power calculatior was performed to define the number of
cases and centrols. Because atopic skin disorder is prevalent
also in Finland [23, 24], power calculation was based on
the published over 10-fold difference in carriage rate of
§. aurcresin atopic persons compared to healthy individaals
[25]. The power calculation was based on a two-sample
-test, where the type T error probability {slgnificance level)
was set at 005, type [1 error probability [power) was set at
0-90, and a moderate effect (0-5] was assumed. The power
calculation indicated that a minimum of 46 cases and 138
matched controls weuld be needed to show a significant
difference between the two groups [26].

The survey information gathered was tecorded in the
database buitt for this purpose. We tested the hypathesis
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that the deferred blood donors (cases) have considerable
more bacteria on their skin than heatthy donors using Chi-
Square test and Wilcoxon's rank-sum test. All statistical
tests werc  two-tailed and considered significant at
£« 005. The analyses were done using R language and
environment for statistical computing, version 2.10.0 [27].

Results

Cases and controls

The study comprised of 220 bloed donors. We recrudted 55
cases and for each case 3 controls, a total of 165 controls.
0Of the cases, 24 were male and 31 female, The age distribu-
Hon of cases differed significantly from the age of blood
donors in general. The cases' mean age was 29 years (SD
12-7 years) as the mean age of our active blood donoy panel
is 46 years (SD 13-4 years, data from Finnish Red Cross
Blaod Service Donor Register).

Bacterial counts

The bacterlal count on plates ranged from t CFUI (calony
forming wnits) to an estimated 1000 or more CFUs per plate.
For the cases and the controls, the median CFU counts were
224 (median absolute devlation, MAD = §86:8] and 105
[MAD ~ 132-0) per plate, respectively. The total nutober of
colony forming units (CFU} of hacteria per plate was signifi-
cantly higher in cases compared to controls (Wilcoxon's
test, 7 = 0-0096] (Fig. 1).

Microbes identified

The bacteria In samples represented the normal bactetlal
skin flora. There were on average 3-6 and 31 different

Total count

ap 9 Contral

Percent of samples

0 1-10 11-100  10t-(0oQ 21000
CFU per plate

Fig. 1 Total number of colony forming units (CFU) per plate, log10 trans-
formed, cases and controls.
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bacterial genera or species identified in cases’ and controls”
samples, respectively, The difference was not slgnificant,
Coaguiase-negative Staphwlococeus species and Micrococcus
species predominated, and ather gram-positive bacteria such
as diphteroids and Bacdlus species were 2lso commonly
detected. No methicillin-resistant 5. aurexs strains (MRSA)
were identified. The Gram-negative organisms present were
primarnily Pseudomonas and Acinetobacter species or vefated
genera, No Psendomongs aeruginosa was found. There were
fiew cases of yeasts detected, but no Candida elbicans strains
were confirmed (Tahle {).

Twenty-seven of the cases (49%) harboured 5. aurews on
thelr skin, in contrast to only 2 {7%) of the controls. The
difference was significant Two out of the twelve 5. gureus
positive costrols were atopics. When analysing the differ-
ence in the number of 5. aurens CFU in cases and contrels,
CHU count was classified [nto three categories: 1-10, 11-100
and over 101 CFUs, due ta statistical seasons. The number
of 5. gurcus CFU was significantly higher in cases compared
to controls [P = 00007, Pearson’s chi-squared test} (Fig, 2},

Regarding the CFU counts of other bacterial genera, na
difference between the cases and contrals was faund.

Ouly one of the control sample pouch cultures was posi-
tive, and a Diphtercid sp. was identified.

Table 1 Microbial strains iselated and identified on the contact plate
samples from the donors farcarm

Control, Case, All

Drganism nwiBE na% na=220
Gram-posifive bacteria 153 45 198
Micrococcus species 148 49 197
Coagulase-negative staphylacocei B? 28 n3
Non-spure forming Grem-pasitig rod 34 16 50
Bacillus speties 12 Fea 29
Staphylococcus ovreus 28 " 17
Sireptoconcus Species 3 3 15
Baciilus cervs 1 1 2
Group G beta-haemolytlc streptacoccus a 2 2
Streptocaccus agaloctiat a 1 4

Gram-negative bacteria

Pseudgmonas and related genera 43 12 61
Acinetobacter and related genera 13 9 22
Apathagenie Neisseria species 3 2 s
Pantora and related genera 2 1 k|
Enternbacier gmnigenus 1 ] 1
Enferobacter sokazokii '] 1 1
Fungi
Yeast " § 16
Filamentews fungi 1 [ 2
Miscellanezous, na further identified 12 N 15

*P < 0.0001 corrected Chi-square test

Staphylococes aurens

Percent of samples

L] I-10 11100 =100
CFU pec plate

Fig. 2 {FU of Stophyfacoccus oureus per plate, log| D transformed, cases
and contrals.

Discussion

Skin disorders may pose an increased risk for bacterial con-
tamination of blood components, ither due to colonization
with pathogenic species or due to a high number of bacteria
on skin {16, 22, 25, 28] .

The clinical impact of contaminated blood may he deva-
stating, as blood companents are often given to immuno-
compromised patients. According to the SHOT data from
1996 to 2009, 40 incidents of blood component contamina-
tion and 11 deaths were reported in the UK In the repor,
additiohal 28 cases with major morbidity were probably or
definitely attributed to a transfusion reaction [3]. In the
USA during 2005-2010, 35 fransfusion-related Fatalities
due to microbes were reported to the Food and Drug
Administration [FDA): seven fatalities {209} were caused
by 5. eureus, and four by other skin-related Stapkylacoccal
species. Altogether 31% of all transfusion-related deaths
were related te blood compenent tontamination with
bacterial skin flora {29].

Contaminatien of blood products with bacteria is a well
known risk, and has been targeted with different
approaches: prospective routine culture of all platelet prod-
ucts, shortening of shelf life to three days, and pathogen
reduction techniques. According to an international bloed
banking forum, all participants had introduced at least one
step into their processes to enhance bacterial safety [3€, 31],

The bacterial species detected in this study were similar to
the findings we have in our quality control cultures of out-
dated platelet concentrates. The spectrum of bacterial spe-
cies also resembled results reported elsewhere [1, 3-5, 23],

Approximately 02% of registered blood donars are
deferred tfue to z skin disorder at the Finnish Red Cross
Rlood Service. The prevalence of all skin disorders in blood
donors is thus lower than the prevalence of atopic eczema
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alone in the general population [32, 33]. Generally, a skin
disease causés a temporary deferral and the donor is later
able to rehurn and give blood.

As 7% of the cises in this study were atopics, it was
likely that we would detect 5. aureus in theic samples. The
skewed age distribution of cases was also anticipated, as
more experienced blond danors would not show up at a ses-
sion while suifering from an acute skin disorder. Further-
mate, atopic skin disarder tends to heal by time, and it is
less prevalent in older age groups.

There were six cases and two controls with psoriasis. This
probably reflects alow prevalence of psariasis in the Finnish
population, as reported elsewhere [24]. The density of micro-
bial flora is knawm to be higher on the psoriatic plaques than
on uninvolved skin, Furthermare, the frequency of §. aureus
in psoriatic plaques is higher than on uninvalved skin
[28, 35). None of our psoriatic blood donors did harbour
5. aurensin their samples, which is a conflicting finding.

Atopie dermatitls is a proritic chronic inflammatary skin
disorder. The symptoms inciude itching and dryness of the
skin. The skin of the majority of atopic persons is colonized
by S. aureus, in contrast to normal skin which seldam is
colonized with this bacterium [25]. The prevalence of atoplc
eczema in young Finnish men is reported to be 1-:23 [32]. In
an interview study of children and adolescents jn Finland,
the prevalence of atopic eczema was 1:7% [33}. The lifetime
prevalence of atopic skin symptoms in elderly German per-
soms (nean age 63 years) was found to be 4:3% [36]. As cer-
tain pathogenic and resistant bacterial strains are spreading
in the community, an atapic or even a healthy person may
harbour pathogenic species as part of ransient fora [37).

[o 2004, the Finnish Red Cross Blood Service introduced
diversion of the first blood and enhanced skin disinfection.
During the same year, the current, stricter defetral guideline
far donor skin conditlons was introduced. With these steps,

the contamination rate of outdated platelet copcentrates
fell drastically from 0-60% to 0-15%. When we compared
the results with data published elsewhere 9], and deducted
the expected 77% decrease, we could calculate that the
sricter deferral guidelines for skin disorders only resulted
in 0-03% decrease in the contamination rate. Acknowledg-
ing the miner clinical importance of this ever 50 Small
incretnent, we feel that continuing with the current deferyal
guidelines on skin conditions is justified.

Our yesults shaw that the deferral eriteria used are quite
aceurate in finding S, ewrous carrers. Only few other clini-
cally relevant bacterial species were detected in samples,
but there was na difference between cases and controls.
Additionally, the cases harboured significantly higher
number of total CFU o their forearm skin compared to
controls, Further studies are needed to define what iopact a
subsequent deferral of potential 5, aurews catriers and per-
sons with a high bacterlal CFU would have on the contami-
nation of blood components.
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A Tayslde outbreak of psittacosis December
2011~February 2012 Involved three confirmed and
one probable cases. Confirmed cases were indistin-
guishable by sequencing of polymerase chain reaction
{PCR) products. The epidemiological pattern sug-
gested persan-to-persan spread as illness onset dates
were consistent with the incubation perled and no
single common exposura could explain the infections.
In particular the only common exposure for a health-
care worker case I averlap in place and time with the

symptomatic Index case.

o

Gutbreak description

During February 2012, Tayside’s Health Protection
Team was notified of five cases of pneumenia, These
Hinesses affected four family members and one health-
care warker (HCW) who had tended the Index case.
Four of these developed severe symptoms, two requir-
ing intensive care unit (ICU) admission, These four had
complement Ffixation tests (CFT} suggesting infection
with @ Chlamydophila specles. Although speciation
was not possible at this siage, the time Interval of ane
to 22 days between the symptom onset of censecutive
cases, suggested persan-to-person spread. An out-
break of Chiomydophila pneumeonioe infection there-
fore seemed llkely. Pending identification, the outbreak
response proceeded on this basls, By mid-February
£, psittaci was canfirmed by polymerase chaln reaction

(PCR).

TABLE

Artlcle submitted an 14 May a1z publishad on 31 May 2012

Background

Psittacosis is a systemic infectious disease caused by
Chlamydophile psittaei, Usual Features inctude fever,
malaise, unpreductive cough, headache and atypi-
cal pneumenia. The Incubation perlod is one to four
weeks [1}. Since its first description in 4879 [2), epl-
demles accurred during the next century. Where identl-
fied, the source of such outbreaks and infections was
rounotic, and predominantly avian but not necessay-
Ily psittacine, For example, large outhreaks occurred
among poultry workers [3]. Subsequently, these have
become rare, as avicultural hyglene has intensified, in
Scotland, up to 10 sparadic cases per year were noti-
fied (no cutbreaks) in the past 10 years (Table) [4]. We
have feund no case described in the literature where
person-to-persen spread has accounted for cases of
psitfacosis, although person-to-person transmisslon
has evidently been suggested but not proven (5],

Qutbreak investigation and results

Durlng a series of outbreak management team (OmT)
meetings, results were assessed and further investiga-
tien directed. Awareness raising among Tayside med-
cal practitioners almed to Increase case ascertalnment,
The investigation progressed an three frants: epidani-
ological, microbiological and environmental.

Total number of cases of Chlaniydophila psittaci infections notified ansually, Scotland, 200:-2011 (n=27)

003

Number of cases

205 2007 2caR

Source: Health Protection Scotland (HPS) (Lynds Browning, personal communication, 23 May 20132) [4).
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FIGURE

Time of syrptom giset and clinical course of probable and confirmed cases, psittacasis outbreak In Tayside, Scotland,

December 2011-February 2012 (n=4)
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~Cpses L, 2 and 3 weTe parl of an extended family and had ealensive and frequent contact with eachother,
bLise 4, 2 heatthcare werker, had canfacl with €25¢ 4 on e slath day of cose 1's Hiness, as indicated by an arnow.

Epidemiological investigation

A modified Centers for Bisease Control and Prevention
{€DC) case definition (6] was agreed, To be consldered,
cases must have compatibie ¢linical iliness. All notified
cases were Interviewed about their illness, contacts
and relevant possible exposures. Confirmed cases had
elther Chiamydophita species detected In respiratory
secretions {by cultere or PCR) or a fourfold or greater
Increase in antibody (tgG or IgM) lo Chlamydophila
species (1o a reciprocal titre of 32 between paired
acute- and convalescent-phase serum specimens taken
at least two weeks apart) by CFT. Cases which were
epldemiologically linked to a confirmed case were con-
sidered probable, given an antibody (12G or IgM) titre
of 256 or greater, and possible glven one of 32 to 128
(all by CFT in a serum specimen taken after symptom
onset),

Applying this, by 22 Fehruary 2012, the outbreak
nvolved three canfirmed, ane probable and twe pos-
slble cases, with the index case having had onset of
illness in late December 2014, The figure describes the
time of onset and clinical course for confirmed and
probable cases. These comprised three female and one
male with an age range of 41 1o &5 years.

A further two possible cases were dentified: a family
member with mild respiratory illness and an unrelated
patient from the same ICU as the index case.

Microbiologlcal investigation

Initial investigations wsed CFT parformed according to
standard methods using antigen obtained from Launch
Diagnostics, Longfield, Kent, United Kingdam (UK) [71.
The CFT antigen is a chlamydla group specific antigen.
The test detects total complement fixing antibody:
both Ig6 and IgM,

Real-time PCR was performed using In house assay
oh resplratory samples whith were inltially used for
Investigations for respiratory viruses, The screen for
Chlamydophile specles was an assay targeted to 165
ribosomal sequences. Any positive sample was further
investigated by specific real-time PCR to €. psittoc or
C. preumoniae targeting a different region of the 165
ribosomal sequence, This enabled determination of
which Chlamydephile species was involved in a case.

OF the confirmed cases, two showed a rising CFT
titre, one a static raised titre. All were PCR positive.
Seguence analysis of the outer membrane protein A
{ompA) gene showed 100% simllarity between these
€. psittaci strains. The probable case had a static CFT
titre above 256 and was PCR negative, Posslble cases
had statlc titres of 64 to128 and were PCR negatlve,

Environmental investigation

Extensive cartographical and field searches were made
for possible avian sources of Infection. These were
directed by information gleaned from interviews with
cases, Workplaces and residences of cases were plot-
ted on an Ordnance Survey map. Cases 2 and 3 lived
together a kilametre from case 1. Case 4 reslded a fur
ther fen kilemetres west, Although not within any of
the cases' respective place of residence, two pigeon
coaps and a cage of small birds were found in the
neighbourhood of where cases 1, z and 3 lived. None
were within 500 m of case 3, but as these could be con-
sidered a plausible source, faetal samples were taken
for PCR analysls.

The index case’s pet dog was reported to have rolled
in the remains of a dead bird In December. Alsg, this

wnw. eurosurveillance.org

case's workplace was reported to be affected by a large
number of gulls. Searches in bath areas revealad insuf-
ficient sample material. On veterinary recommenda-
tion {included in the OMT), a PCR analysis of a pooled
caning faecat sample was done, using an unpublished
method, developed at the UK Animal Health and
Veterinary Labaratorles Agency, Weybridge. This PCR
detects the presence of . psittecs and £, abortus and
was negative.

No environmental source of any Chlamydophila specles
was revealed hy envirormental investigations. This is
not unusuat I8].

Control measures
Sinca the source of the infection was thought to be a
pathogen whith was not readily transmissible from
person-to-person, standard infection cantrol measures
were recammended for those HCWs and other peopie
In contact with cases.

Discussion and conclusion

The main issue in this outbreak is the picture of per-
son-te-person spread, The authors can find no descrip-
tion of this in psittacesls. Intubation ranging from one
to four weeks implies up to 21 days between shortest
and tongest, The longest gap between onset of con-
firmed cases was 25 days. While the cases amongst
the extended Famlly might be explained by a puta-
tlve persistent source to which family members were
sequentially exposed (e.g. a geographleal, not tempo-
ral, point source), case 4 (the HCW) cannot.

Since cases 1to 3 were members of an extended fam-
ily and had extensive and frequent contact with each
other (especially over the winter holiday season) it was
not possible te retrospectively identify partieularly
signiflcant ‘mutual exposure events', However, shared
exposures between case g and the others were sought.
The only spatizl-temporal overlap was with case 1 and
eccurred during the admission of case 1 to the ward
whare case 4 worked. Case 4’5 duties included per-
sonal cara (not invasive procedures). Conceivably, case
4 may have been exposed while caring for case 1 who
regulred Intensive medlcal support and Investigation.
Since it was not possible to explore direct contact
hetween the two cases, 1t is uncertain what such expo-
sure might be,

It is difficult to explaln all cases In this cutbreak by
exposure to a common non-human source. While incon-
clusive, features consistent with person-person spread
are demonstrated. In our view, clialeians and public
health specialists should therefare keep an open mind
to the possibility of persan to person spread of psit-
tacasls despite the received opinlon that this generally
does not occur.

www, exirasurveitiance.corg
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Reduce the Risk of Transfusion-Transmitted
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DRAFT GUIDANCE

This guidance document is for comment purposes only.
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Guidance for Industry

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

This draft guidance, when finalized, will represent the Food and Drug Adminisiration’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 alfernative approach if the
approach satisfies the requirements of the applicable statutes and regulations. If you want to
discuss an alternative approach, comtact the appropriate FDA staff’ If you cannot identify the
appropriate FDA staff, call the appropriate number lisied on the title page of this guidance.

L . INTRODUCTION

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

This guidance replaces the draft guidance entitled “Guidance for Industry: Recommendations for
Donor Questioning Regarding Possible Exposure to Malaria” dated June 2000, 65 FR 36452
(June 8, 2000), (June 2000 drafi puidance) (Ref. 1). When finalized, this guidance will
supersede the FDA memorandum to alf registered blood establishments entitled
“Recommendations for Deferral of Donors for Malaria Risk” dated July 26, 1994 (July 26, 1994
memorandum) (Ref. 2).

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

IL BACKGROUND

Transfusion-transmitted malaria occurs rarely, but is a serious concern in transfusion medicine
(Refs. 3-4). It has been shown to be caused by any of the following four Plasmodium species:
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P. falciparum; P. malariae; P. ovale, or P. vivax. In the absence of a licensed test for donor
screening, the measure used to reduce transfusion-transmiiited malaria in the United States (10.5.)
has been the deferral of donors who have had a malaria infection or had a possible exposure risk
to malaria, Accurate identification of donors with the potential to transmit malaria depends on
the donor exposure history obtained during the donor interview, which may be facilitated
through use of a donor questionnaire (Refs. 4-7). ’

The July 26, 1994 memorandum had the following recommendations:

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

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

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

Public comments to the July 26, 1994 memorandum and the June 2000 draft guidance on
screening of donors for malaria risk raised several concerns about the need to standardize
definitions used in the recommendations, and the scientific basis for the recommended deferral
periods. These concerns prompted public discussions, including a meeting of the FDA Blood
Products Advisory Committee (BPAC or Committee) on September 16, 1999. At that meeting,
BPAC reviewed the current status of transfuston-transmitted malaria and its impact on blood
safety in the U.5. BPAC also reviewed the usefulness of the available laboratory test methods to

detect current malaria infection or to provide evidence of past exposure to malaria parasites.

On July 12, 2006, FDA convened a scientific workshop entitled “Testing for Malarial Infections
in Blood Donors” to seek public discussion of scientific developments that might support donor
testing for malarta infections as part of pre-donation testing, or as follow-up testing to permit a
reduced deferral period for donors deferred for malaria risic. There are no FDA-licensed tests to
screen blood donors for malaria. Nucleic acid-based tests were deemed unsuitable for donor
screening due to the limitation of the smalf sample size used in nucleic acid extraction; however,
several speakers and panel members emphasized the value of antibody testing to reenter deferred
malaria-risk donors who tested negative for malarial antibodies (Refs. 8-9). The outcome of the
workshop was summarized at the BPAC meeting held on July 13, 2006 (Ref. 10).

At the BPAC meeting on September 11, 2008, the Committee discussed donor testing for
malarial antibodies as an indicator of possible exposure to malaria parasites (Ref. 11). At the
meeting, FDA presented risk assessment data for three possible scenarios in which antibody
testing could be of valve: (1) testing all donors {universal testing); {2) reentry testing of ali at-
risk donors with a history of potential exposure to malaria anywhere in the world; and (3} reentry
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testing of only those donors who had traveled to malaria-endemic areas in Mexico. The risk
assessment model assumed that donors would be deferred for four months after returning from
endemic areas of Mexico or other parts of the world before antibody testing would be performed
on the donor. At the meeting, twao blood organizations (the American Red Cross and America’s
Blood Centers) also presented data from surveys showing that approximately 41% of all blood
donors deferred for risk of malaria exposure had been deferred because they had traveled to
malaria-endemic areas in Mexico (Ref. 12). The Committee considered all three risk assessment
scenarios and the possible role that antibody testing could play in identifying or reentering
malaria-risk donors, especially those donors who had traveled to endemic areas in Mexico. In
the end, the Committee felt that additional risk analysis would be needed, 2nd that the analysis
should account for malaria risk globally and in Mexico, with and without antibody testing.

On November 16, 2009, FDA again sought advice from BPAC on an alternative strategy to
minimize donor loss associated with deferrals for malaria risk. Specifically, FDA asked the
Committee to consider a new risk assessment mode] which was focused on travel to malaria-
endemic states in Mexico, and asked whether it was acceptable to allow blood collections
without any deferral from individuals who have traveled to certain Mexican states that have a
low malaria transmission rate. At that meeting, FDA presented data which showed that while
travel to Mexico was a major contributor to donor deferrals due to malaria risk (about 41%),
from 2006-2009 malaria transmission in Mexico was shown to be very low (average 2400
malaria cases annually) and limited only to certain Mexican states (Ref. 13). The malaria
transmission rate was shown to be particularly low in Quintana Roo, a Mexican state that
includes Cancun and Cozumel and is known to receive a high volume of U.S, travelers.
Estimates also suggested that there was a great disparity in the contribution of different Mexican
states to the number of donor deferrals among U.S. travelers, Data collected by the American
Red Cross and Blood Systerns Research Institute suggested that in 2006, among the 10 malaria-
endemic states, Quintana Roo alone contributed approximately 70% of all malaria-risk-
associated donor deferrals for travel to Mexico (Refs. 13-14). While donors deferred because of
travel to Quintana Roo were a significant percentage of deferrals, FDA’s risk asgessment found
that the calculated overall rigk to the blood supply would be expected to increase by 1.1% (an
absolute increase of 0.0166 infected blood unit per year, or one in 60 years} if prospective blood
donors who visited Quintana Roo and another state, Jalisco that includes the cities of Puerto
Vallarta and Guadalajara, were altowed to donate blood without any deferral for malaria risk.
However, the donor poal would increase by approximately 45,000 donors (79,000 blood units)
each year (Ref. 14). FDA also found that the actual donor gain might be significantly higher if
the agency took into account the total donor loss due to self-deferrals and the non-return of
donors deferred under the current policy (Ref. 8). After these presentations and discussion, the
Committee voted 17-1 in favor of allowing biood collection, without any deferral, from U.S,
residents who have visited Quintana Roo. The Commitiee also discussed extending the proposed

"policy to other malaria-endemic states of Mexico that have a low malaria transmission rate.
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III. DEFINITIONS

Malaria - An infectious disease caused by a parasitic protozoan of the genus Plasmodium.
Malaria diagnosis in a prospective donor is based on a positive laboratory test indicating
Plasmodium infection, or a determination of a history of malaria made by the blood
establishment’s Medical Director. For additional information regarding malaria and its
associated symptoms, visit the Centers for Disease Control and Prevention (CDC) website (Ref.
15)

Malaria-endemic area - Any area designated in *Areas with Malaria” in the CDC’s Travelers’
Health Yellow Book (Ref. 15). This information is also available on the CDC’s Malaria Map
Application (Ref. 16). A determination of & malaria-endemic area is based on the information on
the CDC website (Refs. 15-16} at the time the donor is screened. An area with any level of
malaria transmission (described as high, moderate, low, residual or any other terminology used
by the CDC) shonld be considered a malaria-endemic area.

Malaria-endemic country - Any country having an area or areas designated in “Areas with
Malaria” in the CDC's Travelers’ Health Yellow Book (Ref. 15). This information is also
available on the CDC's Malaria Map Application (Ref. 16). A determination of a malaria-
endemic country is based on the information on the CDC website (Refs. 15-16) at the time the
donor is screened. A country that has an area with any level of malaria transmission (described
as high, moderate, low, residual or any other terminology used by the CDC) should be
considered a malaria-endemic country.

Residence in a malaria-endemic country - For purpeses of this guidance, residence is defined
as a continuous stay of longer than one year in a country or countries having any malarja-
endemic area or areas, as identified by CDC. In determining residence, a country that has any
malaria-endemic area should be considered to be malaria-endemic in its entirety since the
geographic distribution of malarta-endemic areas may change during the period of residence, or
the resident may have traveled from a non-endemic area to an endemic area in the country during
his or her stay.

Residence in a non-endemic country - For purposes of this guidance, residence in a non-
endemic country is defined as a continugus stay for at least three years within countries having
no malaria-endemic area, as identified by CDC.

Travel to 2 malaria-endemic area - Any travel to or through a malaria-endemic area or areas,
as identified by CDC (see definition above}. The duration of travel to 2 maleria-endemic area
may be as short as a few hours, or as long as one year. Note that brief passage through a
malaria-endemic area while on route to a malaria-free atea is considered a sufficient possible
exposure to trigger donor deferral. Commen examples of such possible exposure include
passage through a malaria-endemic area to visit a tourist resort in a malaria-free area, or passage
through a malaria-endemic arca to board & cruise ship, or on-shore excursions into a malaria-
endemic area when traveling on a ship. Travel to or through a malaria-free area within a
malaria-endemic country does not constitute malaria exposure.
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Iv. RECOMMENDATIONS
A, Daonor History Questionnaire

I. We recommend that you update your-donor history questionnaire to incorporate
the recommendations provided in this guidance.

2. We recommend that the updated donor histery questionnaire include the
following elements to assess prospective donors for malaria risk:

a. A history of malaria;
b. A history of prior residence in a malaria-endemic country; and
c: A history of travel to a malaria-endemic country.

B. Donor Deferral and Reentry!
1. History of Malaria

a. We recommend that you defer indefinitely a donor who has a history of
malaria and does not have documentation of successful treatment with anti-
malarial drugs administered in a non-endemic country.

b. We recommend that the Medical Director of your establishment review the
documentation of successful treatment with anti-malarial drugs administered
according to established treatment protocols in a non-endemic country. If
your Medical Director finds the documentation satisfactory, the donor may be
eligible to donate, provided the donor meets all other donor eligibility criteria.

2. Residence in a Malaria-endemic Country

We recommend that you defer a donor for three vears following residence (as
defined in section III) in a malaria-endemic country. After the 3-year deferral
period, the donor may be eligible to donate provided the donor has been free from
malaria during this period and meets all other donor eligibility criteria.

3. Travel to a Malaria-endemic Area

a. Except as described in section IV.B.1.b. below, we recommend that you defer
for one year after the last departure from a malaria-endemic area a donor who
is a resident of a non-endemic country and whe has traveled to or through any
malaria-endemic area, whether ar nat the donor has received malaria

! See Appendix for detailed scientific rationale for the recommendations.
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prophylaxis. After the 1-year deferral period, the donor may be eligible 1o
donate provided the donor has been free from malaria during this period and
meets all ather donor etigihility criteria.

b. You may accept a donor who is a resident of a non-endemic country and who
has traveled to the Mexican states of Quintana Roo or Jalisco without any
deferral for malaria risk. However, we recommend that you defer for one year
after the last departure from a malaria-endemic area a donor who is a resident
of a non-endemic country and who has traveled to or through any of the
malaria-endemic areas in Mexico other than the states of Quintana Roo and
Jalisco. After the 1-year deferral period, the donor may be eligible to donate
provided the donor has been free fram malaria during this period and rmeets all
other donor eligibility criteria. i

©. We recommend that you defer for one year after a visit to a malaria-endemic
area a donor who is a prior resident of a malaria-endemic country and who has
been a resident of a non-endemic country for the past three consecutive years.
After the 1-year deferral period, the donor may be eligible to donate pravided
the donor has been free from malana during this period and meets all other
donor eligibility criteria. '

d. We recommend that if a prior resident of a2 malaria-endemic country returns to
a malaria-endemic country after residence for less than three years
consecutively in non-endemic countries, that you defer that donor for three
years from the time that they return to the non-endemic country. After the 3-
year deferral period, the donor may be eligible to donate provided the donor
has been free from malaria during this period and meets all other donor
eligibility criteris.

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

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

1. If you collected blood or blood companents (both cellular and/or non-ceflular)
intended for transfusion or blood or cellular blood components for further
manufacturing from a donor who should have been deferred according to the
recommendations above, we recommend that you quarantine any undistributed blood
or blood components collected from that donor.

2. Ifyou distributed blood ot blood components (both cellular and/or non-cellular)
intended for transfusion or blood or cellular blood components for further
manufacturing collected from a donor with a clinical history of malaria wha should
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have been deferred according to the recommendation in section IV B.1., we
recommend that you notify consignees to retrieve and quarantine the blood and blood
components ¢ollected from that donor.

Additionally, in this situation, if blood or bleod components (both cellular and non-
cellular) have been transfused, you should encourage consignees to notify the
transfusion recipient’s physician of record regarding the need for menttoring of the
recipient for a possible malaria infection for a period of three months post-
transfusion.

. If you distributed blood or blood components {both cellular and non-celiular)

intended for transfusion collected from a donor who should have been deferred
according to recommendations tn sections IV.B.2 or 3, we recommend that you notify
consignees to retrieve and quarantine the blood and blood components eollected from
that donor.

Product D}sposition and Labeling

. We recommend that you destroy or re-label bload and cellular blood companents that

were collected from a donor who should have been deferred according to the
recommendations in section IV.B. 1f you re-label the blood and ceflular blood
components, they may be released for research, or for manufacture into noninjectable
products or in vitro diagnostic reagents as described in section IV, D.3. below.

. Although naot suitable for transfusion, blood and non-cellular blood components

inadvertently collected from a donor who should have been deferred zecording to the
recommendations in section IV.B. may be released for research, or for further
manufacture into injectable (i.e., plasma derivative) or non-injectable products, or in
vitro diagnostic reagents, if labeled appropriately as described below.

You should use the following statements to prominently re-label the bloed and blood
components;

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

and
b. “Caution: For Laboratory Research Only”
or

“Caution: For Further Manufacturing into /n Vitre Diagnostic Reagents For
Which There Are No Alternative Sources™



V.
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or
“Caution: For Use in Manufacturing Noninjectable Products Only™
or - |

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

You should not label these products with a U.8. license number unless FDA
specifically approves you to do so. If appropriate, unlicensed products may be
shipped solely to a manufacturer of & product subject to licensure, under a short
supply agreement (21 CFR 601.22).

E. Reporting a Biclogical Product Deviation (BPD)

If you have distributed any blood or blood components (both cellular and non-cellular)
intended for transfusion, or blood or cellular blood compenents intended for further
manufacturing, collected from a donor at risk for malaria according to section IV.B. you
should report a BPD as soon as possible, but you must report within 45 calendar days
from the date you acquire the information reasonably suggesting that a repmmblc event
has occurred (21 CFR 606.171),

You are not required to report a BPD if you have distributed a non-cellular blood
component intended for further manufacturing from a donor at risk for malaria.

ADDITIONAL CONSIDERATIONS

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

FDA will continue fo monitor the situation of malaria transmission in Mexico and elsewhere and
consider additional revisions when warranted.
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APPENDIX
SCIENTIFIC RATIONALE FOR THE RECOMMENDATIONS

The scientific basis for the recommendations in section [V is as follows:

The recommendation for an indefinite deferral of a donor who had a history of clinical
malaria but had not undergone a successful anti-malarial treatment is based on the reports
that in the absence of complete treatment, infections with some Plasmodium species may
establish a chronic and prolonged asymptomatic infection (Refs. 17-18). For example, P.
malarice has been reported to persist for up te 40 years in the absence of a new exposure
{Ref. 17). Recommendation B.]1.a. of documentation of anti-malaria drug treatment
before a donor with a history of clinical malaria is allowed to donate is based on findings
that anti-malaria treatment, when administered using the appropriate guidelines (see Ref.
19), is highly effective in the eradication of malaria parasites in infected individuals. The
recommendation that the anti~malarial treatment be administered in a non-malaria
endermic country is to avoid the possibility of a new exposure after the completion of
drug treatment but prior to departure from the endemic area.

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

Recommendation B.3.a of a 1-year deferral period for a donor who is a resident of a non-
endemic country and who traveled to or through a malaria-endemic area whether or not
the donor received malaria prophylaxis, is based on the malaria surveillance reports by
CDC showing that out of 2167 imported malaria cases reported between 2008-2010 for
which the date of arrival and the anset of illness was known, only 2 (0.09%) experienced
clinical malaria more than one year after their return to the U.S, (Refs. 20-22}. The 1-
year deferral for residents of non-endemic countries applies to the last departure from the
endemic area.

The scientific rationale for recommendation B.3.b, that a resident of a non-endemic
country {such as the 1).8.} who had traveled to the Mexican states of Quintana Roo or
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Jalisco, where malaria is transmitted at a very low level, be allowed to donate blaod
without any deferral for malaria risk is as follows:

a. During 2006-2009, malaria transmission in Mexico remained very low and is
relatively stable (average 2400 malaria cases annually) (Ref, 13).

b. During the same period, malaria transmission was particularly low in Quintana
Roo and Jalisco (combined average 20 cases annually, or 0.75% of all malaria
cases in Mexico) (Ref. 13-14).

¢, Quintana Roo (which includes the resorts of Cancun and Gozumel) and Jalisco
(which includes the ¢ities of Puerto Vallarta and Guadalajara) are highly
popular states among U.S. tourists.

d. Approximately 70% of donor deferrals among U.S. travelers to Mexico were
because they had visited Quintana Roo and/or Jalisco (Refs. 13-14).

e. An FDA risk assessment model has suggested a very small increase in malaria
risk to blood safety by ailowing for donation from donors who had traveled to
malaria-endemic areas in Quintana Roo {10163 infected blood unit per year in
Quintana Roo vs. 0.083 infected blood unit per year for all of Mexico) (Refs.
13-14). The suggested increase in risk by exempting Jalisco, another low-
malaria transmission state, is even smaller {0.000245 infected blocd unit per
year for travel to Jalisco) [Mark Walderhaug et al., CBER, FDA, unpublished
data). The calculated cumulative risk to the blood supply according to the risk
assessment model would be expected to increase by 1,1% (an absolute increase
of 0.0166 infected blood unit per year, or cne per 60 vears) if prospective blood
donors who visited Quintana Roo and Jalisco are allowed to donate blood
without any deferral for malaria risk.

f. The recommendation for a |-year deferral of a donor who is a resident of a non-
endemic country and who traveled to or through a malaria-endemic area in
Mexico that is outside the states of Quintana Roo and Jalisco (recommendation
B.3.b.) is consistent with a 1-year deferral for travel to & malana-endemic area
in any other part of the world {see recommendation B.3.a.}.

* The recommendation for deferral of a donor who is a prior resident of a malaria-
endemic country and has not traveled to a malaria-endemic area for the past three
continuous vears for one year after a subsequent visit to a malaria-endemic area
(recommendation B.3.c.) is based on information indicating that continued exposure
to malaria parasites is necessary to maintain clinical immunity (Refs. 23-24),
Consequently, we believe it is a reasonable safeguard to assume that after three or
more continuous years of residence in a non-endemic country the majarity of prior
residents of malaria-endemic areas will not maintain their clinical immunity. Thus,
after three years of continued residence in a nan-endemic country, a prior resident
of 2 malaria-endemic country may be treated as a resident of a non-endemic
country. Such individuals should be deferred for only one year after each return
from travel to a malaria-endemic area consistent with the deferral for travelers from
non-endemic countries. '
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TRANSFUSION COMPLICATIONS

Lookback investigations of Babesia microti-seropositive blood
donors: seven-year experience in a Babesia-endemic area

Stephanie T. Johnson, Ritchard G. Cable, and David A. Leiby

BACKGROUND: Human babeslosis in the United
Slates is primarily attributable to infection with the
intragrythrocylic protozoan parasite, Babasia microti.
Transfusion-transmitted Babesia (TTB) is a mounting
blood safety concam; approximately 100 US cases of
TTH have been reported since 1930. In response,
market withdrawal (MW) and/ar lookback (LB} has been
advecaled for cellular components derived from
Babasia-posilive blood donors.

STUDY DESIGM AND METHODS: Immunafiuares-
cence assay (IFA) and selective polymerasa chain
reaction (PCR) %esting of Connecticut donors was con-
ductad from 1939 through 2005. MW/LB was infiated
following established proceduras an celtular compa-
nents derived from IFA and/or PCR-positive donars.
Aeeciplanis of these assoclated camponents wera
offered IFA and PCR testing for 8. microf.

RESULTS: Atotal of 208 saroposiive donors were
idantifled, with 474 donations and 856 ceflular eompo-
nents subject ta MW/LB. Sixty-thrae recipients wera
1ested far B. microt; eight (12.7%) were IFA andfor
PGR positive. A significantly higher prapartion af

B. microti-positive recipients ware identifisd by LB In
1998 to 2000 {5 of 15, 33.3%) than aftar Imptementa-
tien of seropositive donor deferral In 2001 (3 of 44,
6.3%). Significant ditterences In posfiive LBs wera alsa
found when comparing index (50% positive) to previous
donations (7.3% positive), and when comparing demen-
strably parasitemic 1o nonparasitemic donars, 33.3 and
2.5%, respectivehy.

CONGLUSIONS: Reciplents of components from

B. microtpositive donors were infacied via transfusion,
with index donations from parasitemic donors posing
tha greatest fransmission risk. This report of 8. microlf
transmission detected through LB, coupled with ongaing
TTH cases, indicates thai interveniicns are needed

to reduce transmissien of B, microti to US bleod
racipients.

uman babesiosis in the United States is pri-

marily cattsed by the intraerythrocytle proto-

zoan parasite Babesia microd. The parasite is

usually iransmitted ta humans by the bite of

an infected black-legged ar deer tick (Ixodes scapularis).

While the geographic distribution of B. micreti continues

to expand in the United States, its primary area of ende-

micity remains the Northeast and Upper Midweat. The

first docurnented human infection attrbutable to

B. microti ocourred on Nantucket Island, Massachusetts,

in 1969." Since its initial description, hundreds of human

babesiosis cases have been reported in the United States.

The resulting infection is often asymptomatic in healthy

individuals. When signs and symptoms do occur, 1 to 6

weeks after the bite of a Babesia-infected tick, they

may include fever, chills, sweating, myalgia, fatigue,

hepatosplenomegaly, and hemolytic anemia.? The symp-
toms can be severe, with mortality rates up to 5%.3

Hurmnans are generally considered to be an incidental

or dead-end host for 8. microti; however, circumstances

ABBREVIATIONS: ARC = American Red Cross; [FA =
immunofluorescence assay; LB = Ioakback; MW = market
withdrawal; NHS = natural history study; Ti(s) = ime interval(s);
TTB = transfusion-transmitied Babesia; UCHC = Unlversity of
Connecticut Health Center.
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may arise where asymptomatic bleod donors unwittingty
transmit the parasite to susceptible blood recipients.!
B. microti is known to survive and remain viable under
blood storage econditions (4°C) for up to 39 days in red
bleod rells (RBCs) and indefinitely in cryopreserved
RECs,%” thereby enhancing its potentiat for transfusion
transmission. In additian, there are cutrently no viable
mitigation strategies, nor is there a licensed blood screen-
ing test for Babesia spp. These circumstances have led to
nearly 100 reported cases of transfusion-transmitted
Babesiz (TTB) attributed to B. microri, with 12 associated
deaths 8¢

Because of ongoing TTB reports, market withdrawal
(MW) and/or lookback [LB) investigations involving
recipient Identification and testing have been advocated
for cellular components from blood donations identified
as Babesia-positive, including the index donation and
those from the previous 12 months.® [n some instances
MW/LB may also be appropriate for subseguent dena-
tions as well. Herein, we summarize a series of LB inves-
tigations, which were conducted on donors identified as
Bakbesia-positive through a seroprevalence study con-
ducted over a 7-year period in Connecticut,

MATERIALS AND METHODS

Initial donor testing

As part of an ongoing American Red Cross {ARC) study,
consenting blood denors in Babesia-endemic areas of
Connecticut were prospectively tested for 5. microti anti-
baodies from 1939 through 2005 to determine seropreva-
lence and to identify seropositive donors for enrollment in
a geparate follow-up natural history study [NHS).1A2
Seropositive donors were identified by the indirect immu-
nofluorescence assay ([FA} for immunoglobulin ([g) G anti-
bodies to B. microti performed on a setum sample
routinely cobtained at donation for additional testing.
Testing was conducted as per the manufacturer's instruc-
tions (Focus Technologies, Inc., Cypress, CA) utilizing IFA
slides coated with B, microti-infected hamster RBCs as the
antigen source. Briefly, sexum samples were diluted 1in 64
In phesphate-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
being incubated, slides were washed for 10 minutes in PBS
by agitation, rinsed in distilled water, and air-dried. Diluted
fluorescein-labeled goat anti-human TgG 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 agitation, rinsed in
distilled water, and alr-dried. Samples were examined by
fluorescence microscopy at 400x magnification, consid-
ered positive at 1 in 64 or greater and titered to endpoint.
Appropriate negative and positive contmis were inchaded
in all IFA testing. The enrollment and testing of donors for
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B. microti antibodies and subsequent participation in a
NHS5 were reviewed and approved by the ARC Institutional
Review Board.

Select IFA-positive donors fram 19892 and all IFA-
positive donors from 2000 through 2005, were affered
follow-up polymerase chain reaction (PCR) testing
thraugh enroliment in a NHS. From each enrolled donor,
two 7-ml ethylenediaminetetraacetate tubes of blood
were collected and analyzed for parasitemia using a
nested PCR protoco] designed te amplify the 188 riboso-
mal RNA gene of B. microd as previously described,?
slightly madified from the original procedure.” Total DNA
was extracted from whole bloed using the a DNA blood
mini kit (QIAamp, Qiagen, Inc., Valencia, CA) as per the
manufacturer”s instrsctions. The final 155-bp preduct was
visualized on a 2% agarose gel stained with ethidium
bromide in 1% TAE buffer (Invitrogen Corp., Carlsbad, CA).
Appropriate paositive, negative, and extractipn controls
were included.

MW/LB procedures

For the purpose of this study, MW is defined as the process
of notifying hospitals which received a component from a
seropositive donation of the pertinent test results, thereby
allowing the blood center to yegain possession of the com-
ponent at stherwise ensure it is discarded. LB is defined as
a MW with the additional goal of determining if the com-
ponent was transfused and, if so, evaluating if the patient
was infected by follow-up with the transfusing physician,
including recipient testing as appropriate. The data con-
tained in this publication are based on review of opera-
tinnal MW/LB files.

MW/LB was conducted as part of the region’s routine
follow-up on donors with reparted babesiasis or those
implicated in TTB. Seropositivity in this investigation was
interpreted as being potentially infective, thus triggering
routine regional MW/LB for cellular components {RBCs,
platelets [PLTs], and whole blood) associated with any [FA-
and/or PCR-positive donations including index andtor
subsequent donations, as well as donarions during the
previous 12 months. No subsequent donations were
included in this analysis. When an implicated donor was
identified, the index donation was defined as the serop-
ositlve donation. MW/LB was not conducted for plasma
camponeats; ta date, they have not been implicated in a
documented case of TTB and the parasite is killed by
freezing when blood components are not cryopre-
served,*!* Hospitals that received these potentially infec-
tive cellwlar components were provided an information
packet that included a biologic MW letter. Separate letters
were sent to the transfusion service director and through
him or her 1o the patient’s physician requesting coopera-
tion with LB and completion of a product disposition
recard. In all instances, free B. microti testing was offered.
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TABLE 1. Annual LB investlt results for donor and reciplent testing
Number of callular
Numbar of componsnta Number positvefasted
Year IFA posilivesested (%) PCA positivettasied (%) associated dorations” subject to LBT LB reciplenta (%)
1999 30/3,656 (0.5 1019 (52.6) 145 104 28 (25.0)
2000 28/2,682 {1.0] 10418 (55.6) 81 103 A7 (42.9)
2001 30/2,162 {1.4) /25 (3.0) az 50 144 (25.0)
2002 18/2,220 {0.8) 2/14 [143) as 58 2/8 (25.0)
2003 34/1,988 {1.7) 1/20 (5.0) 51 84 /E (0}
2004 43/2,864 {1.5) 1433 (3.9) 83 13 017 (0.9)
2005 251,840 {1.4) 010 (0.0} 44 54 0A13 (0.0}
Totals 208/17,422 {1.2) 26129 (18.7) R 474 856 8583 (12.7)
® Index danatlons (1999-2000 only}, donations b fhe previcus 12 months, and subsequant Bongtions.
1 In¢ludes RBCs, whala bicod—derived PLTs, and whole blood.

Once the transfusion service director and/or the patient's
physician received the information packet these individu-
als could chaoose to notlfy the recipient and encourage
them to go for testing. Less than 10%, 63 of 656, of the total
number of LE camponents were associated with a tested
recipient {Table 1),

When the sexnprevalence study and related NHS weze
initated in 1999, donors wete only deferred upon receipt
of a positive PCR test result after enrollment in the
NHS. In late 2000, it was noted that among [FA-
M3, there were high numbers of parasitemic donors;
20 of 37 (54.1%) tested were PCR positive (Table 1).2 Thus,
beginning in Novernber 2000, all components associated
with IFA-positive donots were discarded and these
donors were deferred from future blood donation regard-
less of PCR test results. Seropositive donors identified
before November 27, 2000, were retroactively deferred and
any associated components were subjected to MW/LEB,
Thus, MW/LB was conducted on index donations col-
lected in 1999 and 2000, but not on index donations in

the years following, since all later index donations were
discarded.

Reclplent testing

Free recipient testing was offered as part of LB. The major-
ity of recipient samples (59/63, 94%; were sent 1o the Tnj-
versity of Connecticut Health Center ([UCHC) Melecular
Laboratory. Four recipient samples were not tested by
TICHC; three were tested by the clinical laboratory at the
recipient’s hospital and one by the ARC Holland Labora-
tory {Rockville, MD). Testing generally consisted of [FA
g and 1gM), PCR, and thick and thin biood smears.
UCHC recipient testing was conducted utilizing [FA
slides prepared in house frorn B. microti-infected hamster
RBCs. Briefly, test sera were diluted 1:32 in PBS, and 20 L
was added to each slide well. Slides were incubated for 30
minutes at37°C, washed three times with agitation in PBS,
and allowed to air dry, Twenty microliters of fluorescein

_......seropositive donors from, 1999 and 2000, enrolled in the

isothiocyanate-fabeled goat anti-human IgG or IgM
{Kirkegaard and Perry, Gaithersburg, MD) dlluted in PBS
and Evans blue (final concentration, 0.0005%) was added
to each well, incubated at 37°C for 3¢ minutes, again
washed three times with agitation in PBS, and air-dried.
Slides were examined with fluorescence microscopy using
a }00x water immersion objective. A positive serum
sample was defined by UCHC as one reacting at 1:32 and
was subsequently titered to endpoint. Appropriate posi-
tive and negative controls were used with each test run.'s

PCR reciplent testing . performed. by UCHC used.

similar procedures to those previously described hezein
with the exception of extraction procedures, primer sets,
and detection of PCR product, UCHC used the a nucleic
acid ewtraction kit (IsoQuick, ORCA Research, Inc,
Bathell, WA) as per the manufacturer’s instructions, dis-
solving the finat pellet in 20 pL of RiNase-free water. Armpli-
fication was initiated with 5 pL of DNA and employed a
nonnested approach, using anly primers Bab1 and Babd
For visualization of PCR product the amplicons were
denatured, labeled with digoxigenin and hybridized to a
biotin-labeled probe. The probe was immobilized on a
streptavidin-coated microtiter plates and detected with
peroxidase-canjugated digoxigenin antibedy and colori-
metric ABTS. Color reactlons were read at OD 450 nm and
490 nm and compared to negative control vatues.

Five 1eciplents were not tested for both IFA and PCR:
In four instances PCR testing was nat conducted (all were
antibody negative), and in one situation, IFA testing was
net done {reclpient was PCR positive). Samples were con-
sidered 1gG [FA positive at at least 1 in 32 when tested by
UCHC, but positive at at least 1 in 64 when tested by the
ARC or hospital laborataries. A recipient was cansideted
Babesia LB positive when any of these test yesults wete

positive.
Statistical analysls

Fisher's exact test was used to compare proportions of
positive recipients. The rank swm test was used to
compare the length of various time intervals [Tls),
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RESULTS

A total of 208 seropositlve donors were identified during
the 7-year reporting perind, We found 474 associated
donations subject to LB. From these 474 donations, 656
cellular components were produced. After LB notification
62 recipient samples, derived from 46 bloed donors, were
obtained and tested (Table 1). Eight (12.7%) of the tested
reciplents were found positive by serologic andfar PCR
testing, Of the 46 total donors associated with recipient
testing, four were linked with both a positive and a nega-
tive recipient {Fig. 1), but in three cases the transfused
components were derived from different donations. In the
first case, both recipients received PLT3 coliected approxi-
mately & months apart, with only the index PLT donated
in July transmitting infection, In the second case, hoth
recipients received RBCs approximately 3.5 months apars;
only the index RBCs callected in August transmitted infec-
tioz. In the third case, a RBC collected in December trans-
mitted infection, while the subsequent index donations
associated with a PLT collected in May did not transmit
infection. In one instance, two recipients were transfused
with blood components derived fram a single August
nonindex denation; the REC recipient was positive for
B. microti, while the PLT recipient was negative.

Of the eight positive recipients, seven (87.5%)
received RECs and one (12.5%} a whole blood—derived PLT
unit (Table 2). The age of implicated RBCs ranged from 7
1o 42 days old, while the only implicated PLT unit was 5
days old. Of note, six of the eight positive recipients tested

48 Donors
Associated wiLB
12 Donars
Not Tesled
R-
0 Danora 24 Donors /Y 1)
i Non-F R+
e
R+
=y
R RJ/RR-
=) =a)
R-R-
A+ R- AR-
R+ = ety P8 Irmd)
1z R+MA-

=i

Fig. 1. Forty-six donars assoclated with LB investigations were
tested for parasitemia by PCR In a separate research study’?
Transfusion outcomes in 63 reclpients (R} were noted as posi-
tive {(Rt] or negative {R-} for Babesia-infection based on IFA
and/or PCR test results, Tn several cases, donors provided
blood components to two or more reciplents (e.g., R+/R-) that
were derived from singte ar different donations. Eight recipl-
ents were positive; five received blood from a paragitemic
donor and one from a nonparasitemic donor, while two
recetved blood from dotor not teated for parasitemia.
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TABLE 3. Transfused component type for
Babesia tested recipients

ia-posiive  abesia-nepalh

Transfused componsani recipients recipienls
Index donation RBCs 3 3

Indax donation PLTs 1 1
Pravious donation RECs 4 B
Pravious donalion PLTs D] 15

Total 8 55

* Al ived its fram donation i dately p ding

the index donation,

positive by PCR, one of which was an apparent window
perind infection {IgG < 1:64, PCR positive). Partial data
regarding age and sex of the eight posltive recipients were
available and are presented in Table 2.

‘We compared reciplent test results for 1939 to 2000
when IFA-positive index donations were transfused versus
2001 to 2005, when they were discarded. There was a sig-
nificant difference (p < 0.05} between the proportion of
seroposithve recipients identified, 5 of 15 (33.3%) for the
former corpared to 3/48 (6.3%) for the latter (Table 1),
Similarly, the proportion of positive recipients in the first 2
years after the deferral of seropositive donors, 2001 to
2002, was 3 of 12 (25.0%), which was significantly greater
(p < 0.05] than the next 3 years, 2003-2005: 0 of 36 (0.0%;
Table 1}, As seen in Table 3, of eight recipients transfused
. with index components, four (50.0%) wete positive, while

for the 55 recipients of components friom previous dona-
tions pnly four (7.3%) were positive (p <0.05). All of the
positive recipients who received components from a pre-
vious donation were transfused with a RBC unit from the
donation that immediately preceded the index donation.
The TI between when a recipient was transfused with

a LB/MW associated component and when their blood
sample was received for testing ranged from 44 to 628
-days, with a median of 58 days (range, 44-227 days) for
positive recipients and a median of 198.5 days {range,
60-628 days) for negative recipients (p <0.05; Table 4),
The median age of transfused RBCs provided to recipients
testing positive was 18 days {range, 7-42 days) versus 15
days (range, 7-38 days) for recipients testing negative.
Separately, the median age of transfused PLTs provided to
positive recipients was 5 days, but there was only one
associated PLT unit. Por recipients testing negative, the
median age of transfused PLTs was 4 days {Table 4). No
significant differences were found for the age of transfused
RBCs ur PLTs. The median donatign nretval (D1) betweern,
index and [B-associated donation of RBCs for recipients
testlng positive was 107 days (range, 56-153 days), while
the DI for negative recipients was 165 days (range, 56-365
days). We could not calculate the median D for PLT recipi-
ents testing positive, because the only reciplent sample
was associated with an index donation. The median DI
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for PLT recipients testing negative was 177 days (range,
66-365 days; Tabled). These differences were not
significant.

From 2 separate research study,'® PCR test results
indicative of the presence or absence of parasitemia were
available for 34 of the 46 donors associated with LB
investigations; 12 donors were not tested for parasitemia
[Fig. 1), The Tl between the index denation and when the
donor's folow-up sample was collected for PCR testing
ranged from 10 to 81 days with a median of 35 days.
Among the 34 donors tested for parasitemia, 10 (29.4%)
were positive by PCR (i.e., parasitemic), while the remain-
ing 24 were negative. Blood components from the 10 para-
siternic donors were transfused to 15 recipients and 5
{33.3%) were identified as Babesiz positive; however, of
the 34 recipients who receiver blood from nonparasitemic
donors only one (2.9%) was determined to be Babesia
positive (p < 0.05).

DISCUSSION

LB investigations are commonly employed in transfusion
medicine to allow medical follow-up of infected recipients
and to prevent possible secondary transmission. However,
data from LB can also be nsed to gange the infectivity of
previous donations from donors identified as positive for
a transmissible agent and to determine the window period
of infectionsness for said agent. Herein, we'demonstrate
that 12.7% of blood recipients receiving components from
donors found seropositive for B, micro were Infected via
transfusion. While this transmission rate may appear low
compared to rates for viral agents that often approach
100%,'” 12.7% is higher than rates seen for other parasitic
agents (e.g, Thypanosoma crusi, 2 of 253 or 0.6%"%"), This
finding confirms previous reports that donors testing
positive for B. microti are potentially infectious® and also
suggests that LB for B. microti-geropositive donors might
be warranted. The latter conclusion is based on the
assumption that identifying infected reciplents arising
from TTB cases, often after the 1 to 9 week incubation
period for acute disease rernains important to the recipi-
ent's or their contacts’ health. While rare, Babesia has
been transmitted perinatally or transplacentally on at
least three oceasions, ™ but perhaps more importantly,
many bleed recipients are immuncomprornised and/or
elderly, thus putting thern at risk for chrenic ar serious
bahesiosis after they become infected. Knowledge of
potential exposure to 5. microti would allow physicians to
provide appropriate antibiotic therapy to dear the infec-
tion and t6 monitor those patients at risk for severe
disease (e.., asplenic patients).

The 12.7% transmission rate reperted herein for
B. microri may in fact be a conservative estimate. We
ohserved that the TI from when a recipient was transfused
with a LB/MW associated component and when a blood
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sample was received for testing was significandy shorter
(p < 0.05) for seropositive than for serpnegative recipients,
median of 58 days versus 158.5 days. This supgests that
saime seronegative recipients may have cieared the infec-
tian and seroreverted before their sarmples were coltected
for testng. Indeed, our studies of seropositive blood
donors have shown a high rate of seroreversion aver
several months.'® [n this regard, LB for B. micro differs
from tha for HIV and other viral infections, where sera-
reversion is extrermnely rare. Another limitation of our study
is that pretransfusion samples were not available for
testing on any of the LB recipients; thus it is possible that
positive recipients may have been infected naturally vias
tick bite since they reside in Babesig-endemic areas of
Connecticut. However, given the reported donor sero-
ptevalence of approximately 1% jn Connecticut!! jt is
relatively unlikely that these recipient infections represent
acquisition of B. microti from an infected tck.

During this 7-yeat study periad, we observed a signifi-
cant decrease in the frequency of B. microti-positive
recipients, from 33.3% in 1999 through 2000, 10 6.3% in
2001 through 2005. Our finding of decreased infectivity is
in direct contrast to increased reports of TTB in our neigh-
boring states.?*#* This suggests that our observed decrease
in apparent tzansfusion infectivity is likely due to two
primary factors. First, the exclusion of index and subse-
quent B, microti-positive donations (beginning in 2001)
resulted in fewer infectious units being transfused.
Second, the continued decrease in the B. microti-positive
recipients from 25% in the firse 2 years after seropositive
deferral {2001 through 2002), to 0% in the follawing 3 years
(2003 through 2605), suggests that our ongoing research
testing and deferral of seropositive donors has remaoved
not cnly acutely infected donors, but also chronically
infected donars from the donor population, who may
transmit infections to blood recipients. We hypothesize
that this donot culling effect has also reduced the rate of
TIB associated with the tested donor population in
Connecticut. Additienally, ecclogic and climatic factors
greatly influence the life cycle of Babesia and may have
affected infection and transmission patterns during the
study period. Taken together, the observed decrease for
the transmission rate in Connecticut recipients suggests
a possible indirect efect of limited donor testing fer .
B, microti antibody.

Similar to published reports of TTB,* seven of eight
transmissions identified in this study implicated a RBC.
WNeither the age of transfused component nor the DI
between the index and LB-associated donation {nflu-
enced the transmission rates among LB recipients. The
latter finding is in contrast to that observed in HIV LB
investigations."” It is of interest ta note that in one instance
the age of the implicated RBC was 42 days, thereby
extending the previously published viability of the para-
site in RBCs from 39 to 42 days.? Thus, all in-date RBCs or




whole blood—derlved PLTs should be considered at risk for
transmitting B. microti to blood recipients,

Also enhancing the likelihood of transmission is
whether or not the dener was parasiternic at the time of
donation and the proximity of the implicated donation to
4 peak period of parasitemia, which is often intermittent
in pature, and its periodicity varies considerably amang
infected doners. Indeed, a significant difference was
found between recipients of index donations (50% posi-
tive) versus other donation (7.3% positive). In addition,
significant differences in positive IBs were found when
comparing LBs ariginating from donors that were demon-
surably parasitemic (i.e., PCR positive at follow-np) com-
pared to nonparasitemic donors, 5 of 15 (29.4%) and 1 of
34 {2.9%), respectively. These findings confirm that index’
donations from demonstrably parasitemic donors are at
Breatest risk of causing TTB. Dne limitation of the study
is that donors were not tested by seralogy and PCR an
samples collected an the same day (range, 10-81 days
later; median, 38 days}); therefore, it is possible that donors
may not have been parasitemic at the time of the index
donation. Additiena) limitations of the study include the
use of separate laboratories for testing of donor and
recipient samples arising due to the LB process, although
previous studies show minimal differences in IEA results
across laborataries,®

Data published from a 1991 to 1892 study in Con-
necticut calculated the risk of acquiring babesiosis from a
transfused unit of blood cells as 1 in 621 or 0.17% (95% CI,
0.004%-0,9%) and 0 in 371 or 0% (95% CI, 0%-0.8%) for
PLIs? Later estimates from Connecticut suggest that the
risk in BBCs may be lower; 1 case per 1800 to 1 case per
100,000 RBC units transfused.®® 'Ip estimate the risk of
acquiring TTB in Connecticut during the time period
studied, we made the following assumptions; an annual
collectinn of approximately 150,000 wnits in the ARC Con-
necticut reglon, observed seroprevalences from 1999
through 2005 of 1.2% (95% CI, 1.1%-1.4%) and 12.7% {95%
CL 5.7%-23.5%) positive LB recipients. Utlizing these
numbers we detived a risk estimate of 229 patential
B. microti transmissions per year in Connecticut.

The success of LB at identifying infected recipients
reparted here, coupled with ongoing TTB cases, indicates
the need for implementation of appropriate interventions
to reduce transmission of B. microfi to blood recipients.
Because there is currently no sound alternative, regional
implementation of donor screening by antibody and/or
aucleic acid test may be Judicious. It has been suggested
in recent publications that perhaps the most effective
approach would be to apply an algorithm based on known
endemic regions of the United States, specifically terget-
ing the Upper Midwest and the Northeast. %! Recently the
Rhode Island Blood Center implemented selective B, mi-
crati testing of donors under investigational new drug for
bloed transfusions to at-tisk Tecipients, specifically neo-
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nates.” While neonates certainly represent an important
at-risk population, at least seven of the eight infected
recipients identified in this study were not neonates. Simi-
larly, other studies have reported relatively few infected
neonates amaong larger seres of infected blood recipi-
ents5%% This suggests that a broader recipient population
is at risk for acquiring TTE and needs to be considered in
future interventions. Bload centers, residing in these
regionally endemic areas, should consider implemenia-
tion of appropriate interventions that protect all transfu-
slon recipients at risk fer TTR.
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Vertical
Transmission of
Babesia microti,

United States

Julie T. Joseph, Kerry Purtlll, Susan J. Wong,
Joss Munoz, Allen Teal,
Susan Madison-Antenucei, Hareld W, Horowitz,’
Maria E. Aguero-Rosanfeld, Julle M, Moore,
Carlos Abramowsky, and Gary P. Wormser

Babesiosis is usually acquired from a tick bite or
through a blood transfusion. We repart a case of babesiosis
in an infant for whom vertical transmission was suggested
by evidence of Babesia spp. antibodies in the heel-stick
biood sample: and confirmed by detaction of Babesis spp.
DNA in placenta tissue.

Figure. Perpharal bloed smear of 6-week-ald Infant with suspecied
congenital babeskosis, Thin arows indicate Babesia spp. parasites;
“thick arrow shaws the classic tetrad formation or Mallasa crass.

sbesiosis i an emerging infection in the United

Staies, principally caused by Fabesia microti (). The
most common route of infection is the bite of an fxodes
scapidaris tick; transmission can also occur by transfu-
sion of infected blood products, and vertical transmission
in animals has been documented (2,3) and is a potential
route of transmission for humans. We report a case of ba-
besiosis in an infant for whom vertical transmission was
sugpested by Babesia spp. antibodies in a heel spot blood
sample and confirmed by detection of Babesia DNA in
placenta tissue.

The Case-Patlent

A g-week-old girl from Yorktown Heights, New York,
was admitted to the hospital on September 16, 2002, with
a 2-day history of fever, imitability, and decreased oral in-
take. The mother was asymptomatic during and after her
pregnancy. The infant was delivered vaginally and full
term at 3,430 g without complications. The infant's mother
had visited parks in Westchester and Dutchess Counties in
New York during the pregnancy but was unaware of any
tick bites. The infant had no known tick expasure, and nei-
ther mother nor infant had a history of blood transfusion.

Authar affilations: New York Medical College, Valhalla, New ork,
USA (L.T. Joseph, ¥, Purllll, J. Mune?, H.W. Horowitz, M.E. Aguero-
Rasenfeld, &.P. Warmser); New York State Depariment of Hzalth,

-Albany, New “Yark, USA (S.J. Wong, A. Teal, 5. Madison-Antenuc-

ci}; University of Geocgla, Athens, Georgia, USA {J.M. Moare); and
Emory Univarsity School of Medicine, Atlanta, Georgia, USA (G.
Abramowsky)
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During ¢xamination, the infant was alert but irritable
and pale, Axiltary temperature was initially 36.8°C but in-
creased to 38.1°C on the same day, Her conjunctivac were
icterie, she had a palpable spleen tip, and her liver was pal-
pable 3 era below the costal margin. Initial laboratory find-
ings included hemoglobin 7.1 g/dL, platelet count 100
[PML, and lgukocyte count 19.7 = 107 cells/id, with a dif-
ferential of 4% segmented neutrophils, 80% lymphocytes,
and 16% monocytes. Reticulocyte count was 5.5%. Total
bilirubin concentration was 2 mg/dL. with a direct fraction
of 0.4 mg/dL; aspartate aminotransferase leval was 66 U/L,
alanine aminotransferase level was 50 UYL, and alkaline
phosphatase level was 339 U/L. Cultures of bland, urine,
and cerebrospinal fluid samples yielded negative resulis.
Lyme disease serologic test result was negative,

Routine expmination of a peripheral bleod smear
showed B. microti in 4% of erythrocytes {Figure); a blood
sample from the infant was positive by PCR for B. micreti
DMA. Total B, microti antibody titer was »256 by indirect
immunofluorescence assay, with a polyvalent secondary
antibody (anti-JgG+[gA+IghM) (4) that was presumed to
be principally 1gG because test results for IgM were nega-
tive {ontine Technical Appendix, wwwnc.cde.gov/EID/
pdfs/11-0988-Techapp.pdf). The heel-stick blood sample
obtained on the infant’s third day of life as part of new-
born screening was tested and found to be negative for 5.
microti by PCR (5} and for IgM but total antibody positive
{>128) (online Technical Appendix).

Examination of the placenta showed focal basal de-
cidual inflammation, mild chorangiosis, and villus dys-
maturity, Babesia spp. piroplasms were not detected in
Current affiiation: Mew Yark Unlversity Schocl of Medicing, New
York, New York, USA.
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maternal or fetal blood by histologic examination of he-
matoxylin and eosin—stained sections of formalin-fixed,
paraffin-embedded tissue of the placenta disk, amnion/
chorion, and umbilical cord. Babasia IINA was detected
by real-time PCR testing of paraffin-embedded placenta
tissue (online Technical Appendix) (6). Cycle threshold
values were relatively high (37.1-38.2), indicating that
the amount of parasite DNA in the sample was close to the
limit of detection; results were reproducible on duplicate

Vertical Transmission of B. microfi

testing of DNA samples extracted from separate pazaffin
blocks. The real-time PCR product was of the correct size,
arid the melting curve demonstrated melting temperatures
within 1°C from the placents, the positive contro), and
a positive sample from an unrelated patient , confirming
that the correct product was amplified, At time of the ill-
ness in the infant, the mother was negative for Bobesia

spp- according to PCR and smear but positive for total
antibodies (>2356).

Table. Corviparison of selected clinical and laboratory data from foported cases of congenitel babeskasis in & infants”

Reference
Clinical data (2] { (10 This shady
‘Year of diagnosis/ ~ Nol given/iLang Island, Mot givensLang Isiand, Not given/New  Nat given_ong 2002MVestchesier
location New York New York Jersey Island, New County, New York
York
Infang age attime of 30 32 19 7 41
sympiom onset, d
Clinical findings Fever, irvitability, Faver, lalhargy, poor Fever, poor Fever, pallor  Fever, dacreased pral
pailor, feeding, patior, scleral  feeding, gagging, Intaka, irtabiity,
hepatosplenomegaly  icterus, hepatomegaly  iritability, palior, scleral ketecus, pallor,
scleral ictarys, hepalosplenornzgaty
hepato-
splenomegaly
Initial babesla 5 4.4 15 z 4
parasiternia lavel, %
Hospltalizatien, d 6 ] -3 Na 5
Maternal tick bile 1 wk before delivary 7 wk before delivery 4 wk befora Mone known Norne known
delivery
Babesia spp. 30d after birth; Atillness onset: IgG IFA  Alillness cnsat NA Newbam screening
serologic and PCR IgM+lIgG+ (128/128) 160; lgMNGG JoM+/IgG+ {heed stick): IghM—
results for infant by IFA; 32 d afler mmunoblol +; PCR NO' (407256) by IFA; (<186}; total antihody +
. Birth: IgM+kyG+ PCR ND (>128) by IFA: PCR—
(256/512) by 1FA; 6 wis after bhth: IgM—
PCR ND {<16)%; total antibody +
{>256) by IFA; PCR+
Babagie spp. 30 d after hirth: 7 wk before birth: 19G Albinfantiliness  Atinfantiinega  Birth: placenta PCR+;
evaluation resulis IgM+AgG+ IFA <40; IgMgG onset: IghM+gG+  ansel: PCR+ 6 wk after blrth: igM
for mother (2,048/1,024)/32d  immunoblot — 2 mo after  (80/+1.024) by ND, total antibady +

aftar birth: IgM+/ 1IgG+ binh: igG (FA 640;

IFA; peripheral {>25E) by

{4.006/1,024); igM/gG immunoblot +;  smear negative at [FA; PCR—; paripheral
peripheral smear—at  periphamal smear - al time of Infani smaar =
tima of dellvery and al  delivery and at infant #lnsss onset
30 and 32 d afler birth Hness onset
HGE, grdL 9.3 108 8.8 NA; HOT 24.3% 71
Platelets, x 10*/uL 28 87 34 11 100
Leukocytes/PMN B,500/1,170 NA 9,00041,890 NA 19,706/788
leukocyles, calis/ul
LOH, UL 8094 NA, 2535 NA NA
Eilirubin indirect, 38 87 5.9 NA 16
mgfdL
AST, UIL a0 NA 53 MNA 1]
ALT, UL an MNA, 18 NA 50
Treatment Cl and quinine for 10 CLI and quinine with AZT 2nd ATO for  AZT and ATO,  AZT and ATO for'8 d
d AZT added on day 3; on i0d duration not
day 5 changed ¢ AZT given
plus quinine for
additional 7 4
Follow-up Well at 5 ma Improvec at 2 wk Lostia follow-up NA 22 mo

posttreatmant

Bloed transfusion for - Yes, for HCT of 18%  Yes, for HGB of 7.3 g/dl.  Yes, for HGB of Yes, for HCT of  Yes, Tor HGE of 5.2

anemia

7.0g/dL 17.3% gidl with HCT of

15.6%

No mhambeﬁmei‘ﬂ NA, nat evaitable; +, positive; (FA, lnmredummunuﬁworumsme a5sdy; ND nat dane; —, negative; HGE, hemoglobin;

T, ¢ dear; LOH, lactate d level;

cﬁndamydn,AZT aa(hromyun ATO, abcwaquune
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AST, asp: ase; ALT, alanine sminofransierase; CLI,
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The infant was treated with a 9-day course of azithro-
mycin plus atovaquane. A blood ransfusion was adminis-
tered when her hemoglobin concentration fell to 5.2 g/dL.
The infant became afebrile by 72 hours and was discharged
after a 5-day hospitalization. Repeat blood smears revealed
a parasite 1oad of 0.3% at discharge. On final evaluation at
22 months of ape, physical examination revealed no abnor-
malities; hemoplobin level was 11.7 g/dL., Babesio PCR
was negative, and total Babesia antibody level was pasitive
at 128,

Conclusions

Congenital babesiosis has been rarely reported (Table)
(7-10). This case provided convincing evidence for con-
genital babesiosis because of prepartum infection involv-
ing the placenta in the mother. On the basis of experience
with congenital malaria, we assume that Babesia spp. par-
asiles cross the placenta during pregnancy or at the time
af delivery (1],12). In congenital malaria, increasing ovi-
dence suggests that the malaria parasites are most often
acquired antenatally by transplacental transmission of in-
fected erythrocytes (12).

Reported cases of congenital babesiosis sharz many
similarities, including asymptomatic matecnal infection
and development of fever, hemolytic anemia, and thrombo-
cytopenia in the infant detected between 19 and 41 days af-
ter birtk. All of the infants responded to entimicrobial diug
therapy; 3 were treated with azithromycin plus atovaguone
(#,10), the preferred treatment regimen for mild babesio-
sis (7). All infants required a blood transfusion because of
severe anemia. The clinical signs and symptoms for thebe
cases of congenital babesiosis are similar to those of con-
genital malaria in non—disease endemic aveag (17,13).

‘We found Babesia spp. antibodies on day 3 of life
by analyzing the patient’s hesl-stick blood sample, which
likely represented maternal transfer of IgG. Passive trans-
fer of maternal antibodies is regarded as a protective factor
against congenital mataria, and some newbomns with ma-
taria who are parasiternic at birth spontaneously clear the
infection without ever becoming il1 (17,14}, The temporary
presence of maternal IgQ in infants has been suggested as
an explanation for the typical 3-6 week incubation period
of congenital malaria in non—disease endemic areas (74).

The real-ttme PCR used to find B. miecrofi DMA in
placenta tissue is =20 more sensitive than microscopic
examination of Giemsa-stained blood smears (§). As-
suming a blood sample with a parasitemia equivalent to
that detected in the placental tissue, a blaad smear would
contain <1¢ infected cells per slide. Given the low level
of Babesia DNA in the placenta tissue, it is not surpris-
ing that histologic examination did not reveal piroplastns.
MNonetheless, limited evidence of placental abnormalities
suggests a pathologic process.

[n summary, babesiosis is an emerging infectious dis-
case {45) that can rarely cause congenital infection. This
diagnosis should be considered in the differential diagno-
sis of fever and hemolytic anemia in infants from disease-
endemic areas.
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ORIGINAL ARTICLE

The United States Trypanosoma cruzi Infection Study: evidence
for vector-borne transmission of the parasite that causes Chagas
disease among United States blood donors

Paul T, Cantey, Susan L. Stramer, Rebeccn L. Townsend, Hany Kamel, Karen Ofafa, Charles W. Todd,
Mary Currier, Sheryl Hand, Wendy Varnado, Ellen Datson, Chris Hall, Pamela L. Jett, and
Susen P Montgomery

BACKGROUND: Screening US blood donors for Thypa-
nosoma cruziinfection is Ideniifying autachthanous,
chronic infections. Two donars in Mississippi were iden-
tified through screening and investigated as probable
domestically acquired vector-home infectlons, and the
VS T cruzi Infection Study was conducted to evaluate
the busden of and describa putative risk fastors Tor
vector-bome Infection in the United Siates.

STUDY DESIGN AND METHODS: Blood donors wha
tested enzyme-linked Immunoscrbent assay repeat
reactive and posiive oy radioimmunoprecipitation
assay, and whose mode of infection could nat ba identi-
Hed, wera evaluated wiih a questiannaire 1o |damtify
possible sources of infection and by additional serologic
and hemocullure esting for T, cruziinfection.
RESULYS: Of 54 eligiole donars, 37 [69%) enmlied in
the study. Fifteen (41%) enrollees had four or more
posilive serolopic 1es13 and were cansidered positive for
T. cruzi infectlon; one was hemoculture positive. Of tha
15, threa (20%) donars had visiled a rural area of an
endemic caunlry, atthough none had stayed for 2 or
mora weeks, All had lived in a slate with documented

T. ¢ruzi vector(s) or mfected mammalian reservair(s), 13
(B7%) reporled autdoor leisure or work activities, and
11 (73%) reported seeing witd reservoir animals on their
property.

CONCLUSION: This report adds 16 cases, including
one from the Misslsslppi investigation, of chronic

T. cruzi infeclion presumably acquirsd via veclsr-bama
transmission in the United States 10 the previously
reported seven 2508, The estimated prevalencs of
augehthenous infections based an this study Is § in
354,000 donors. Determining LS faci of vectar-bome
transmission is needed to beller assess risk for
Infection.

hagas disease is caused by the protozoan para-
site Trypanosoma cruzi, which is usually trans-
‘mitted by infected triatomine insects during
thelr nocturnal feedings. Non-vector-borne
routes of transmission include blood transfusion, organ ot
tssue transplantation, congenital, laboratory exposure,
and ihgestion of contaminated food or drink!? Cases
involving all mechanisms of tranemission except for the
ingestion of contaminated food or drink have been

ABEREVIATIONS: ARC = Amersican Red Cross; BS] = Blood
Systems, Inc.; OG = concordant group; DG = discordant group;
IEA = Bmmunofuotescent antibody assay; RIPA = radio-
immuneprecipitation assay; 5/CO = signal-to-cutoff ratle;
TESA 1B = trypomastigote excreted or secreted antigen
immunoblot; USTC = US T cruzi Infection Study.
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documented in the United States including seven cages af
autochthonous, likely vector-barne transimission.®®

The acute phase of infection typically lasts 4 o 8
weeks. Most patients are asymptomatic though some may
present with a mild febrile illness. Rarely the patient may
develop Romafia's sign, acute myocarditis, or meningoen-
cephalitis. If left untreated, most patients will progress
from acute ta the chronic phase of infection and will tikely
remain infected for life. Those who do not develop symp-
toms and wha have a normel physical exam, 12-lead
electrocardiogram, and radiologic exam of the chest,
esophagus, and colon are considered to have the indeter-
minate form of chronic infection. Approximately 20% to
30% of patients with the indeterrninate form of infection
will eventually develop organ damage involving the heart
or the gastrointestinal system. This pathologic process can
result in a variety of problems including, but not limited
to, cardiac arthythmias, congestive heart failure, sudden
cardiac death, achalasia, megaesophagus, prolonged
constipation, megacolon, and bowel jschemia! In Latin
Ametica, an estimated 12,500 people died in 2006 due to
the complications arising from chranic, symptomatic
Chagas disease.* Approximately twa-thirds of these deaths
were due to sudden cardiac death, 25% to 30% were due to
tefractory eongestlve heart failure, and 10% to 15% were
due to thromboembaolic events? Bern and colleagues!
recently reviewed the evaluation and treatment of Chagas
disease as applicable to the United States.

Chagas disease diagnostic testing iz complex The
Weorld Health Organization critezia for the serologic diag-
nosts of Chagas disease recommend that an individual has
o positive tests before considering the individual
infected; however, a single test is acceptable for deter-
mining the suitability of a blood unit for transfusion.'”
Diagnosis of T oruzi infetiion in chronicatly infected indi-
viduals in the United States is based on reactivity to two
different serologic tests of different methods and/or target
antigens, with due consideration given to the individual's
epidemiologic riskfor infection. ™ The CDC currently uses
twa tests for the diagnosis of Chagas disease, The immun-
effuorescent antibody assay (IFA) is a CDC in-house test
based on fixed epimastigotes where reactivity at 1-in-32 ar
greater sample dilutions is defined as a teactive test. The
Chagatest recombinant v3.0 enzyme-linked immunosor-
bent assay (ELISA, Wiener, Rosatio, Argentina) is based on
six different recombinant antigens; it is Food and Drug
Administration (FDA) cleared for diagnostic use in the
United States. The assay cutoff was determined accerding
to the product insert and in usual practice an aptical
density {OD) of greater than 0.33 is reactlve. Additionally,
the CDC uses the trypomastigate excreted or secreted
antigen Immunablot (TESAIB), which uses a mix of trypo-
mastgote excantigens. Reactivity to T cruzi-specific
wanssialidase antigens at 150 to 160 kDa is considered a
positive result.” In studies outside of the United States, the
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TESA IB has been shown to be useful for the dizgnosis of
chronic infectionand for the confirmation of blood donors
with otherwise inconclusive results, 314

Currently two FDA-approved screening tests for
blood donors are available for use in the United States.
The T cruzi EIA test system (Ortho-Clinical Diagnostics,
[nc., Raritan, NI} is based an a trypanasome epimastigote
parasite lysate. The PRISM Chagas chemiluminescent
immunoassay (Abbott, Abbott Park, IL) is based on four
hybrid recombinant T, cruzi proteins. A repeat-reactive
resuit for gither test ar a signal-ta-cutoff ratie [S/C0) of 1.0
or greater is considered sufficient to discard the donation
and to defer the donor from future donations, The radia-
Imtnunoprecipitation assay (RIPA), available through
Quest Diagnostics (Madisan, NJ), is also based on an
epimastigote parasite lysate and s used by most blood
centers to canfitm repeat-reactive screzning results. %1€
Reactivity corresponding to envelope surface antigens at
72 and 30 kDa is considered a positive result confirming
antibody reactivity.¥?

In January 2007, the American Red Cross (ARC) and
Blond Systems, Inc. (BSD) iroplemented the Ortho BIA for
screening of each blood donation for antibodies to
T: cruzi. Universal bloed donation screening in the United
States has identified a prevalence of approximately one
serologleally confirmed-positive donor for every 28,000
donations screened. ™ [n fune 2007, two blood donors in
rural Mississippi were identified by Mississippi Blood Sex-
vices a8 T cruzi antibody confitmed {meaning repeat
reactive an Ortha EIA and confirmed by RIPA), bug neither
donor had identifiable risk factors typically associated
with I! cruzf infection {i.e., birth in or wavel to an endemic
country ar maternal 1isk). The CDC was invited hy the
Mississippi State Department of Health to assist with the
investigation of these suspected autochthonous cases.
Because of the results of the investigation of these two
bleed donars and the fact that vector-borne transmission
has been previously seported in the United States, we
further investigated the potential for autochthonaus
transmission in T gruzi antibody-confirmed blood
donrors who had not lived outside the United States, The
identification of such donors could be a reans to jncrease
the detection of chronic T cruzi infection in the United
States and to aid in the identification of risk factors for
vector-borne transmission in this country. Therefore, the
US T. eruzi Infection Study (USTC) was designed to evalu-
ate the buzden of, and putative risk factors for, vector-
borne acquisition of infection it the United States.

MATERIALS AND METHODS

Bonar selection and testing algorithms
All ARC and BS1 bloed donors presenting since January
29, 2007, were screened with the licensed Ortho T cruzi




ElA as part of routine screening for blood-borne patho-
gens; prior use of the Ortho EIA occurred at the Los
Angeles region of the ARC as part of a clinical wial {under
an investigational new drug pratocol, for test kit licen-
sure). For each Orthe EIA repeat-reactive donor, the
Ortho EIA and RIPA were repeated from a separately col-
lected sample from the same donation to exclude sample
corfamination or other sources of error that may have
occurred during the test-of-record testing. For the pur-
poses of overall analysis of screening test efficacy, donors
testing repeat reactive (test-of-record) were invited ta
participate in a donor follow-up study including those
with RIPA confirmed-positive results, defined as cases
for this separate donor follow-up study, and thase with
RIPA-negative or. indeterminate results, defined as cons
trols for this separate donor follow-up study (these
results are not included in this report). Routine donoy
follaw-up included collecting an additional sample for
repeat Ortho EIA screening and RIPA performed on all
samples; in additien, RIPA-positive donors had samples
collected for molecular (polymerase chain reaction
(PCR]) and infectivity (hemoculture) studies performed
by in-house methods at the ARC (PCH data not included
in this repori}.® After the FDA licensure of the
Abbott PRISM Chagas chemiluminescent immunoassay,
all index and follow-up samples from EIA-reactive
donors were also tested retrospectively. Follow-up of all
Ortho ElA-teactive donars also included responding to a
questionnaire covering donor demographlcs and . criczi
risk factors.

RIPA-positive donors for whom no risk factors
for T cruzi infection were identified fram the initial
follow-up questionnaire for the separate doner follow-up
study were invited to participate in USTC. Participating
donors were asked to complete a separate USTC ques-
tionnaire administered by the same study personnel
wha administered the original follow-up guestionnaire
and to undergo testing beyond that described as
part of follow-up. Spanish only-speaking donors
were excluded from the study since these individuals
likely represented donors whose infection did not
originate in the United States. The USTC questionnaire
gathered information about cutdoor activities, including
time frames and geographic location, structires on
property where triatomines could establish colonies,
exposure (o triatomines, exposute to wild and domesti-
cated animals that have been found to serve as reservoirs
of infection, and exposure to foods that have been asso-
ciated with fond-borne transmission of infectlon in
endemic countries in Latin Amerlca. In addition to
the testing already described and performed by the
blood center testing laboratories, as part af USTC, the
CDC performed its in-house [FA, the Wiener EIA, and its
in-house TESA IB. Each donor was tested anly ance by
the CDC.

VECTOR-BORANE T. CRUZI IN US DONORS

Human subject approvals and
statistical considerations

The protocol was approved by the CDC and ARG institu-
tianal review boards. The ARC institutional review board
served as the institutional review board of recard for BSE.
Because the purpose of the study was to generate kynoth-
eses, 00 sample size calculations were performed and
investigators attempted to enroll any individual who
qualified. Results for all testing and follow.up question-
naire data were collated by the CDC. Descriptive statistics
were calculated in computer database software (Microsaft
Excel, Microsoft Corp., Redmond, WA).

RESULTS

Mississippi case teports leading to the

USTC study

The first of the two donors (Donor A) was 44 years old at
the titee of the relevant blood donation in 2007, He had
had eneepisede of syncope in the past, although this tem-
porally related to an acute myocardial Infarction in 2004.
He had received 2 units of red blood cells {RECs) at the
time: of his quadruple coronary artery bypass, but both of
his donors had nonreactive Ortho BIA test results. He had
not received an organ or tissue transplant and he
had never traveled to an endemic country. In fact, he had
never traveled oqutside the United States. Hls mather
had never lived in an endemic area. His electrocardingram
did not reveal any conduction abnormalities. Epidemio-
logic investigation revealed that he had lived in the yural
South all of his life and may have lived in substandard
housing during his youth. He had multiple cutdoor activi-
tieg that could bring him in contact with uiatomine bugs
atnight, including hunting and working outside at nightin
awooded area under = bright light. Additionally, he field
dressed animals killed while hunting without using gloves,
Morecver, he reported exposure on his property to mul-
tiple mammalian species that have been shown to be
potential reservoirs of the T. cruzi parasite in the United
States, including opossums, raceoons, skunks, and arma-
dillos. Investigation of his property revealed a single adult
Triatoma sanguisuga, a species of triatomine bug recog-
nized te be a vector of T cruzi.

Donor A's index and follow-up serum samples were
Tepeat reactive by the Ortho BIA (S/CO, 4.5) and RIPA posi-
tive. Both blond samples were sent to the CDC and were
[FA positive with titers of 64 for the first sample and 32 for
the second sample, Bath samples were also positive on the
Wiener EIA with raw OD values of 0,709 and 0.350 (0,33
0D cutoff). All testing performed on his famlly members
as well as his hunting dogs was negative. PCR performed
on the T sanguisuga was positive for T cruzi.

The lahoratory testing confirmed that Donor A was

.zntibedy positive and likely infected with T cruzi, Based

on his presentation he was in the indeterminate form of
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chronic infection. Although an infected vector was found
on his property and the donor was at risk for nocturnal
exposure to the vector based on his reported activities, itis
unelear exactly when and where he was infected. He was
offered treatment but declined.

Donor B was 64 years old at the time of the relevant
blood donation. He had no concerning cardiac or gas-
trointestinal symptoms. He had never received blood
products, organs, or tissues. He had visited the horder
region of Mexico while working in Texas but had never
spent the night outside the United States. His mother had
never lived in an endezmic country. Epidemiologic investi-
gation reveated that he had grown up in 1ural Louisiana,
possibly in substandard housing. He also reported activi-
ties that could result In exposure to the vector at night,
including hunting and working in the barn on his prop-
erty. Like Donor A, he reported exposure 1o multiple
potential mammalian reservolr species including opos-
sums, raccoons, and armadillos. He aiso thought he
recognized the uiatomine bug, and investigation of
his property also revealed a single adult specimen of
I sanguisuge,

Donor B's index and follow-up serum samples were
repeat reactive an Ortho EIA (8/CO, 1.5) and RIPA positive.
Both samples were negative by the CDC IFA. The index
sample was negative by the Wiener EIA but the second was
bordertine negative with an O of 0.270. PCR performed
on the ! sanguisuga was negative for T eruzi.

The laboratory testing in this case was more difficult
to interpret. Blood center testing confirmed anttbody
reactivity in Donor B; however, the CDC's testing was
inconclusive, and thus the infection status for Donor B
could not be determined, although like Donor A, he had
risk factors that could suggest vector-barme transmission,
He did not seek medical evaluation or treatment,

usTC

From August 31, 2006, to April 30, 2010, a total of 1084
donors were identified by ARC and BSLas T, eruziantibody
confirmed from screening approximately 29 million
donations. This is a prevalence of | in 26,700 donations
screened for these two organizations, which represent
greater than 50% of collected blood in the United States,
Of the 292 (26.9%) RIPA-positive donors who were partici-
Ppants n the donor follow-up study, 56 were eligible for the
USTC; 39 {70%) agreed to participate, Two of the 39
enrolled donors were excluded after testing was complete
because it was determined that they had mothers from
endemic Latin American countries, leaving 37 donos in
the study from a total of 54 eligible donors. The 37 donars
were divided into two groups based on their USTC testing
results, The eoncardant group {CG) consisted of T cruczi
antibady-confirmed donors with at least two positive
CDC tests (IFA, Wiener EIA, and/or TESA IB), including
one donor who had a borderine positive Wianer EIA. In
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contrast, the T, ¢rizi antibody—confrmed donors in the
discordant group (DG) had no positive restlts when tested
atthe CDC. The CG included 15 (41%) donors, whereas 22
(58%) were classified in the DG, The median age of CG
donors was 42 years (range, 21-65 years), and the median
age of DG darors was 45 years (17-77 years). Other demo-
graphic information for both groups is shown in Table 1.

The mean QOrtho EI4 §/CO test-uf-record result far
each CG deror at index is shown in Table 2 in order of
decreasing $/CO values. Table 2 also provides all subse-
quent testing data by combining Individual results by
assay for each donor's index test-of-record, repeat index
{from an independent sample), and follow-up sample test
result. Thus, a result of three of three indicates that all
samples (index test-of-record, independent index, and
follow-up) were all reactive; values of greater than three
indicate multiple follow-up samples. Ab testing was per-
formed in singlet with the exception of the Ortho and
Abbott screening assays, which are reperted as mean
values of three results: initial reactive and duplicate retest
values, It Is important to note that alt 15 CG donors had
Ortho EIt repeat-reactive results on all suhsequent
testing. All donors except donor CG14 had a posltive RIPA
for each sample tested. Nine of the 15 CG donors had a
positive titer by IFA; the donors with a negative IFA were
donors CGS-11 and donors CG13-15, All 15 donors had a
positive or bordesline positive Wiener EIA and a positive
or weakly positive TESA 1B, The Abbott PRISM Chagas
assay, which became available after the initiation of this
study, was perfermed on 14 of the 15 CG donors. Al tested
donots were PRISM repeat reactlve except Donor CG14.
Only Donor CG4 had a positive hempeulture.

Similar to CG donors, the DG donore were tested on
multiple oceasions by the Orthe EIA and RIPA. Of note,
although 21 of 22 donots had at least one repeat-reactive
specimen on the Ortho E[A, only Donors DG2 and DG4
had consistently repeat-reactive results on all specimens
tested (Table 3). Similarly, although all donors had a least
one positive RIPA, ondy Donor DG4 was consistently RIPA
positive on all specimens. Note that DG22 was Initialty
identified a5 Abbott PRISM reactive (during a clinical trial)
and wag included as an eligible danor because of his RIPA
poaitivity (albeit Ortho EIA nonreactive), All BG donors

TABLE 1. Basic demagraphic Infarmation
by group*

<G [»c]
Demagraphie n=15) [h=22)
Female sox 9 {60) 7 {32)
Non-Hispanic while 14 (67} 19 {50}
Non-Hispanic black o Z(9
Hispanic 5 (33) 1(5)
Born in the Unltad States or its teritaries 15 (eo}y 22 (100}
Mather born in engemic counlry 0 o
* Dala are reporied as number {%).
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TABLE 2. USTC testing results for the CG donors*

index Oriha Number RR Number positiva

ElA mean Ortha/number RIPA/MnumL Wiener ELA PRIEM
D SICo tosted tested IFA titar raw O TESAIB mean S/CO
[eic)] 6.2 44 92 128 3.5 Pog 12
cG2 51 a5 212 64 34 Pos 05
CG3 47 444 an 256 a1 Pog 5.2
cie4 45 44 44 3z 2.8 Pos 58
CG5 4.3 5/5 444 a2 24 ‘Pos 7a
cEs 3.4 22 B2 128 23 Pos 65
cG7 34 'z 3 32 2.4 Pos 75
CGa 3.4 32 3 32 35 Pos ar
CGe 29 an 3 =18 0.55 Pos 34
[e2c 6] 238 a3 3 =15 0.87 Pos NA
Cen 25 a3 3 =15 0.66 W. Pos a7
ce1z 25 a4 a4 G4 0.92 Pog 2
CG13 21 a3 a3 =18 2.1 W. Pos 3.8
GG14 14 3 %4 =16 LR Poz 0.75¢
CG15 1.1 arm a3 =18 033t W. Fos 1.2

T Orhe ElAls the Ortho 7. eruzl ELISA lest syslem, and a $/CO = 1.0 is a reactve test; IFA Is tha CDC in-house IFA, reactivity ot a sample
dilution of =32 is a reaclive test; Wiener E1A i the Chagatest ELISA recombinant v&.0, snd a raw OD of >0.33 Is a reactiva test; PRISM Is
the Abbott PRISM Chagas ehemiluminescant Immuncaassy, and a 5/C0 21.0 is a reactive last,

1 Nenreactiva sampisa werg not run in triplicale sa this is a singie not 3 mean valua.

$ This result is borderline positive.

NA = not available; Pos = positive; RR = rapeat reaclive; W. Pos = waakly positive.

—
]
TABLE 3. USTC 1esting resuits for the OG donors®
Index Ortho Number RR Number positive
EIA mean Ortho/number RIPAnumbar Wienar ElA

[n] SICO tastad tasted IFA liter Raw QD TEBAR PRIEM S/CO
DG1 3.4 34 13 =18 =033 Neg 021
DG2 2.8 44 14 =16 =033 Neg 0.0§
DG3 2.5 4/5 14 =18 =0.33 Neg 03§
DG4 1.8 5/5 55 =16 =033 Neg 042
DGS 1.8 44 174 =15 =0.33 Neg Q.17
DGE 1.8 ‘U5 /5 =16 =033 Neg 008
OG7 .7 2/4 14 =16 =0.83 Neg LA ]
oGa 1.4 B4 2/4 =18 =033 Meag Q.
DEY 13 2i5 174 =15 s0.33 Heg 013
DG10 13 24 174 =16 =043 Neg Q.15
DG11 1.3 T4 24 =18 =032 Neg 0.07
DG12 12 14 2/4 =16 =033 Neg [:A}-Y
DG13 12 445 s =16 =0.33 Nag 0.07
0G4 12 a5 214 =16 =033 Neg Di7
0Gis 12 2/5 /5 =16 =0.33 Nag 0.48

0G 16 12 214 . 24 =15 =033 Neg o.ig
DG17 12 3/ 73 =15 =0.33 Neg A
DG 14 174 2/4 =16 =033 Neg Q.08
DaE19 1.1 .S 115 =16 =0.33 Neg 0.0g
DG20 1.0 274 24 =16 =033 . Neg Q.08
DG21 10 g 4IS =18 =023 MNeg 0.405
DGz2 ad a/a 4 =16 =0.33 Neg i3]

* Qrho ElA s the Ortho 7. 2nuzi ELISA test system, and a $/CQ 1.0 Is a reativa last: IFA Is tha CDG in-house IFA, and reaclivity ata
sample diullon of =32 is a reactive tast; Wienor EIA a the Chagatast ELISA recombinant v3.0, and a raw OD >0.33 is a reaciive teat;
PRISM is tha Abboti PRISM Chagas chy Inescant | and a $/CO =1 is a reaciie test, )

RR = repeal ryattiva; NEG = nagativa; NA = not availabla.

were [FA, Wiener EI4, and TESA [B negative; the Abbott
PRISM Chagas assay was notireactive for all 21 donors far
whom the test was performed, All 22 DG donots had a
negative hemoeulture result.

The risk factors for acquisition of T. ¢rtezé infection
among CG danars are shown in Table 4. Ofnote, no donor

had a mother from an endemic Latin American Tountey
and 10 one worked with the parasite in a laboratory, Two
donors had seceived blood wansfusions in the United
States (CGL and CG10), No donor received human tissue
ot organs jn the United States or blood products, tissue, ar
DIEANS N an endemic Latin Amercan country. Eleven
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TABLE 4. Risk factors for Chagas disgase In the
CG donars {n=15)"

Maither born in endemic counlry oar
Pacelved blood product In United Stalest 2{(13)
Peceived tissua or organ in Unied States o
Beceivad blood, lissus, or argan cutskls United States 9 {g)
Travel 10 encamic couniry & (53)
Maxico anby & (40}
Guatemala, Belize 1(7}
Costa Rlea, Panama, Maxico 1
Travel >2 weeks in an andeimic country 0(0)
Travel fo rural erea in an sndemic counlry 3{20)
Lived abread fn endsmic country 0 (ay
Worked in a laboratory with the parasite 0 {0)

= Data are reported as numbar {%).
t One donar rgeaived a transfusion in 1971 in Califomia, and
one doner recelved a transfusion In Florda In 1987,

TABLE 5. Potentlal risk factors for vector-barne
T. cruzf infection In the Unlted States in the cQ
donors {n = 15)"

Ever residad in & state with VIR 15 [t0D)
In nural area within this state 11731
Ever warked autdoors in siate with VAR 7 47)
In the woods & (33}
At night 427}
Outdapr leisure activity In state with VIR 10 (67)
Hutited 3 (20)
Camped 6 [(40)
Gardenad 4 (2N
Quidaor feisure or work activity in siata with VAR 13 (87)

* Data are reponad as number (%}
VAR = T, cruzf vecter of Infacted mammalian reservoir

doners had traveled outside the United States, although
only eight had traveled to an endemic Latin Armetican
country. Three donors (CG1, CG4, and CG13) had traveled
to a rural area in an endemic Latin American country;
however, no donor had stayed in the area far more than 2
weeks, It s important to note that denor CG4, who was
hemoculture positive, had spent less than a week in an
endemic Latin American cauntry and although the donar
feparted spending time in rural areas, the donar did not
spend the night in those areas.

Three (20%) of the 15 CG donors reported having
5€€n a triatomine insect before, although only pne (7%)
reported having been hitten by a triatornine, Potentlal for
2 CG donor to have been exposed to the trjatomine vector
based on residence and cutdoar activities is shown in
Table 5. All CG donors had resided in a statz in which
the vector or an infected mammalian reservoir has been
documented® (see Table 6 for list of these states), and 11
{73%) reported having lived in rural azeas of such states, In
addition to resldence in these states, seven (47%) donors
had worked ouidoois; 10 {67%) donorshad participated in
outdaor leisure activities, such ag hunting, camping, and
gardening; and 13 (87%} donors had worked outdeors or
participated in outdoor leisure activities in a state with

6 TRANSFUSION ‘olume *-, = ™

TABLE 6. US states with documented preserice
of the vector for T. sruzi or infected veservoir
mammalian specles?

Slata Vector Infectad raservair
Alabama Yeos Yes
Arizona Yes Yes
Arkansas Yes

Calfomia Yes Yes
Cclorado Yes

Florida Yes Yas
Gyorgla Yos Yas
Hawait Yos

Itinais Yes

Indiana - Yes

Kansas ‘fes

Keniucky Yes Yes
Louisiarg R . Yes
Maryland Yes Yes
Mississippi Yes Yes
Missour Yas Yaos
Nevada Yos

Naw Jersey Yes

New Mexico A Yes
North Caralina Yas Yoz
Ohio Yes

Qidehoma Yes Yes
Pennsylvania Yes

South Carolina Yos Yes
Tennessaa Yes Yes
Taxas Yos Yes
Utzh Yos

Virginia Yas Yes

documented vectors or infected reservoirs. Six (40%)
donars reported a structure on the property that has the
patential for colonization by triatomines; these included
chicken coops, barns, stahles, and woodpiles, Eleven
{73%) donors reported seeing witd animals an theit prop-
erty that have been shown to serve as reservoirs of T cruzi
infection; these included house mice, squirrels, opos-
sums, racceons, bals, wood rats, skunks, armadillos,
coyotes, and gray foxes*' All CG donors reported expasure
to domestic animals on their property that have been
shown to serve as reservoirs of 7. crugi infection; these
included dogs, cats, cows, and guinea pigs.* Finally, two
(13%) CG doners reported eating or drinking each of the
following foods that have been associated with food-
bome outbreaks in endemic countries outside of the
United States: acal berries, raw imported sugazcane juice,
and fresh squeezed juice from an unregulated vendor,

DISCUSSION

The USTC study is the first to document the burden
of vectar-borne avtochthonaus T cruzi infection i the
United States. Before this study, only seven cases of vector-
barne T cruzi transmission were reported in the United
States, even though the vectors capable of transmitting
the parasite have been identified in 28 states and infec-
ted Teservoir marnmals have been identifiad in 17 states



(Table 61. This teport adds 16 additional autechthonous
cases to the list of dacumented cases, including ane case
from a blaod donor in Mississippi and 15 cases among the
CG donorsidentified through blood donation screening at
the ARC and BS. Tt is important to note that most of the
previously reported autochthonous cases were acuce
infections, whereas those cases that have been identified
among blood denors represent apparently asymptomatic
chronic infections. These cases would most lLikely have
been transmitted by the vector. Putative risk factors for US
vector-borne transmission of T eruzi infectipn, which
need further investigation, include a history of living In a
rural area where the vector oy infected mammalian reser-
veir is found and a history of outdoar activities, particu-
larly nocturnal sctivities, in such an area.

Vector-borne transmission does not appear to be
cotmon in the United States. Extrapolating USTC data to
the entire RIPA-pasitive donor population, one would
predict that 82 donots (7.5% of RIPA-positive donors)
would be classified as CG' donots. This extrapolation
results in an estimated prevalence of one US vector-borne
case per 354,000 donations screened over the time period
of study. This figure may underrepresent or overrepresent
the true prevalence due to autachthonous vector-borne
transmission, but this report is the fArst estimate of preva-
lence in asymptomatic individuals. Thus, these findings
have both clinical and blood safety implications.

The donors in this study fell into two categories of
testing results: concordant results and discordant results,
Fourteen 015 CG donors were consistently reactive an all
tests except for the CDC [EA, which appears to have lower
sensitivity than the other tests. We believe that the concor-
dance between serologic assays indicates that all 15
donors within the CG group have specific T crizef anti-
body reactivity and represent either past or present infec-
tion. Data available far the Qrtho EIA, RIPA, the CDC IEA,
the Wiener EIA, and the TESA IB suggest the sensitivity for
each test to be 99, 100, 94, 99, and 106%, respectvely, and
the specificity ta be 99,100, 35, 99, and 100%, respectively,
as defined by published studies™ or study results
included in the product’s package insent™? or determined
by the CDC.** These numbers need to be interpreted with
caution, as the performance af earh test varies depending
on the population in which the test is used. Based on the
Inwlikelihood of simultaneous false positivity occurring in
four to five of the serologic tests performed, it is highly
probable that all 15 CG donors had been infected by
T cruzi,

The 0G donors were uniformly negative on all CDC
tests and the Abbott PRISM Chagas assay. Both Ortho EIA
and RIPA assays were reactive for 21 of 22 donors. More
than half of the Ortho S/CO ratios from the index and
follow-up blood samples were 1.3 or less, and the Ortho
BiA and the RIPA were not consistently positive on
repeated testing. Although all donors were RIPA positlve

VECTOR-BORNE T CRUZ/IN US DONORS

at least once, and some several tmes, the aniibody reac-
tivity is possibly not specific to T, cruzi infection and may
instead be due to cross-Teactivity from another infec-
tion or due to non-parasite-related antigens in the
tests (biologic false pasitivity) or due to sample cross-
contamination of the samples used for the index test-of-
record testing. This report highlights the complexity of
tneking a diagnosis of 7 cruzi Infection based solely an
antibody testing in the absence of known risk factors, As
there still is no gold standard sezglogic test for T cruzi
infection, including the latest FDA-licensed screening
tests, an accurate diagnosis can only be made based on a
testing algorithm that invoives multiple tests [ideally
using a comhination of antlgen sources}) and risk
informatian,

Defining what the DG gtenap represents is challeng-
ing. Possibilities include that all DG donors had false-
positive RIPA and Ortho EIA testing results, and no donor
was ever infected or exposed. Other possible explanations
for the discordant results include that some of the DG
donars may have been exposed to T cruzi but hever
infected or that some wete infected but the antbody
1esponse o their infections wag not detectable by CBIC
testing, This uncertainty hampers our ability to evahtate
the diagnestic performance of the RIFA, as we cannot say
with certainty that the DG doors were not infected, and it
prevenits us from using the BG donors as controls to evalu-
ate rigk factors for US vector-borne transmission in a

.quantitative manner.

Determining whether or not all the CG donors actually
acquired their infections in the United States via an
infected vector is almost impossible and the conclusion
that autochthonous infection gceurred can only be
reached after eliminating other potential sources. There is
the possiblllty that two 0G donars contracted their infex-
tions from transfusions they received in the United States.
However, there are only five documented US cases of
uansfusion-associated fransmission and an additional
o from Capada in the peerreviewed litetatore?
although transfusion mayresultin asymptomatic infection
that would likely remain undocumented. AR seven recipi-
entswWere immunosuppressed, Making them more Fkely to
become symptomatically infected, Sh recipients received
platelets (PLFs);?* no implicated product was identified for
one recipient. PLTs are believed to carry a higher risk of
ransmission than RBCs dueto simidar buayant densities of
PLTs and trypomastigotes, parasite survival during the
storage conditions used for PLTs versus KBC nnits, and the
underlying immunosuppression of tecipients who receive
PLTs.* Donor CG10 received RBCs in 1987, Donor CGl,
who received a transfusion in 1971, could not recall what
type of product was transfused, Although eight CG doners
reported a history of travel to Chagas-endemic countries,
there js no documented case of transmissioe in a traveler
wha had visited an endemlc Latin American country for
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less than 5 montha.?® It is untikely that any of the donors
would have acquired the infection during their visits, as
only three denors visited rural areas and no danor had
visited for longer than 2 weeks, It is important to note that
Daonor CG4, whe was hemaculture posttive, had spent less
than aweek In an endemic country and although the donor
reported spending time in rural areas, the donot did not
sperd the pight in those areas, which is when the vactar
feeds. Excludingthe four blaod donors wha had traveled ta
rural endemic countries for less than 2 weeks, who had
received blood products in the United States, or both
would still leave 11 CG donors who became infected
through vector-bome transmission domestically, Perform-
ing similar calculations as described earlier in the discus-
sion suggests that 5.5% of RIPA-positive donors would be
expected to have acquired the infection from the vector in
the United States, which would represent one case per
485,000 donations.

Although vector-borne transmission of Chagas
disease clearly occurs in the United States, with the first
documentation of such @ansmission dating back to the
1850s, the extent to which such infections aceur has not
been established Determining the extent of domestic
transmyission wauld be useful in the design of blood dener
screening algorithms that rely on screenlng questions o
minimize the need te test danors every tme they donate
and would assist the clinical evaluation of patients who
present with nonischemic cardiomyopathy. This study
was the first to report potential epidemiologic fzctors for
vector-bome exposure risk in asymptomatic chronic car-
tiers who present to dopate blood; however, furiher
detafled investigations are needed. As T. cruzi vectors in
the United States live predominantly in a sylvatic cycle,® it
was not surprising ta find that 21l CG donars hed lived in
states with documented vectars or infected reservoirs
with 73% living in rural areas and 87% participating in
autdoor work or [eisure activities in such states, The pres-
ence of mammalian reservoir species on the donor's prap-
erty wauld suggest that these individuals lived in areas
with the potential for the establishment of a sylvatic or
peridomestic cycle. A lmitation of this study is that when
the donats became infected cannot be determined, The
presence of a sytvatic cycle, a colonized structure, or even
an infected vector on one's current pruperty does not
indicate that the donor was infected at that Jocation.

Future studies are needed to determine the foci of
vector-borne tansmisslon in the United States. This will
require the identificaton of infected vector, mammalian,
and human populations. Once focl are identified, risk
factors for infection can he studied. As risk of infection
with T cruzi likely increases with repeated exposure over
long periods of time, retrospective quantification of life-
time involvement in potential risk activities will be djffi-
cult and will limit the ability to sccurately assess risk. Our
study indicates that attention should be given to habitual
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activities that oceur outdoors and at night in these foei as
well as investigating the housing history of each indi-
vidual. It will alsp be important o determing the rick of
infection from short-term trave) to endemic areas in Latin
America, particularly as this could influence how blsod
donors are sereened for infectipn.
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NO EVIDENCE OF TRYPANOSOMA CRUZI INCIDENCE IN

UNITED STATES BLOOGD DONORS: A 4-YEAR STUDY
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America .

Background: In 2007, the American Red Crass (ARC) and Blood Systems, inc, {BSD
implemented universal blood donation screening for T. cruzi antibodies. Donor prev-
alence was 1:25,000 but recipient tracing revealed only two positive recipients from
one confirmed-positive donor in over 250 tested recipients reported nationally. Based
on preliminary data on the absence of recent danor infection, the two organizations
developed an incidence Protoco) (IF) that was submitted to FDA for review and con-
currence. The IP supported FDA policy allowing selective 7. crusé antibody testing in
which a donor is qualified for all future donaticns by a single negative (1) test resuit.
Methods: Universal testing of every denadon from all presenting donors was main-~
tained by four regions (three ARC + one BSI including Scuthern and Central California
and the states of Texas, Oklahoma, Arkansas, Mississippi and Louisiana) for the IP,
while the remaining ARC/BSI regions converted to selective 1x testing. Sites selected
represented risk via doner {ravel to an endemic region or exposure in areas of the US
that harbor the parasite’s reservoirs and vectors. The [P sought target numbers of: (i}
persorti-years [py} of observation for the sum of all donation intervals, and (1) the mean
duration between the first- and last-tested donation {total dopation interval). The
targets were hased on a S-year study including 5 million donor pys and a 1.9-vear
mean donation interval for new donor infections (seroconverters). No more than four
seroconverting donaors were allowed, with an upper 95% confidence limit of T, cruzi
incidence of 2.4 per million pys for the study sites and <1/2 million pys for all ARC{BSI
sites combined. This target rate is comparable to the current HIV and HCV residual risk
in the US. A seroconverting donor was defined as repeat reactive by the Ortho ELISA,
confirmed by a radioimmunoprecipitation assay (RIPA; Quest) and ELISA nanreactive
in a prier donation during the study period,
Results: In 4 years of study, 4.22 million allogeneic repeat donors were followed over
6.06 million pys with a mean donation interval of 1.435 years and zere observed
seroconverting donors, for an upper 95% limit for incidence of 0.061/100,000 pys (or
<1/million). Two subsets of data provided longer donation intervals: 1.696 yrs each for
allogenele apheresis donors, and all allogeneic donors in Southemn California (54-
month total including the period of Ortho investigational testing). During the 4-year
study, 22 RIPA-positive donors were identified with a prior BLISA-nonreactive
donation; seropositivity on further sampling was intermittent and none fully sero-
converted over 40-days to 4-years of follow-up; all ELISA sample/cutaff values re-
mained stable {all <2.0 with the exception of ] isolated elevated value); no donor was
parasitemic by PCR or culture, All testing indicated that the 22 donors had either false
positivity or remote prior infection.
Conclusions: Based on the 4-year study and zero observed incidence, selective testing
by a single negative test Tesult provides comparable safety to universal testing in the
uUs.
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BENESIS 2012-009

BLOOD DONORS AND BLOOGD COLLECTION

Preclinical sporadic Creutzfeldt-Jalob disease in French blood
donors: an epidemiologic model-based study

Josiane Pillonel, Jean-Philippe Brandel, Lucie Léon, Dominique Salomon, Stéphane Haik,
FIsabelle Capek, Véronlque Vaillant, Joliette Coste, and Annick Alpérovitch

BACKGROUND: A recent cagse-control study showad
that transtusion reciplents weara at an Increased risk of
devalaping sparadic Creutzigldi-Jakeb disease {sCJD),
suggesting that bood donors with sitent preclinical
sCJO could transmit the sCJD agent. We theretore esti-
mated tha annual number of French biood dondrs
expected to have preclinical sCJD at the time of
donation.

STUDY DESIGN AND METHQDS: We developed a
mathematical medel to estimate the number of blood
donors who would subseguently develop sCJD, under
various assumptions aboul how long their blood might
be infective before clinical onset. The modal used distri-
butions by age group and sex jor sCJD cases, blaod
donor population, French genaral population, and mar-
tality in the general populaticn.

RESULTS: Using 1999 to 2008 data, modeling showed
that, each year, a mean of 1.1 (standard deviation [SD),
0.3} donars wera within 1 year of sCJD onget at the
time of blogd donation, 6.9 (SD, 0.5) donors were within
5 years, 18.0 (8D, 0.8} were within 10 years, and 33.4
(SD, 1.1} were within 15 years.

CONGLUSION: Few donors are axpecied to be In the
fata preclinical siaga of sCJD at the time of blood dona-
tion. This raguit and that of the worldwide absence of
any apidemic increase in sCJID aver the years indicata
that this risk of translusion-transmitted sCJD, if arw, Is
likely to be very low.

1200 TRANSFUSION Volume 52, June 2012

he first cases of variant Creutzfeldt-Jakob
dizease (vCID], a human transmissible spongi-
form encephalopathy (TSE) due to the bovine
spangiform encephalopathy (BSE) agent, were
described in the Unlted Kingdom In 1996.' The emergence
of vCJD raised concerns as to the safety of blood trans-
fusion and blood-derlved products. Four cases of
transfusion-related vC]D have been diagnosed in the
United Eingdom. One patient was symptom-free and
was identified by postmortem examlnation.?® No cases
of transfusion-related transmission of other types of

‘Creutzfeldt-Takob disease (sporadic, genetic, or latro-

genic] have been reported. Until recently, ohservaticnal
studies of sporadic CID {sCID) transmission by blood
transfusion had all given negative results,** but a recent
Ttalian case-contro study suggested a link between blood
transfusion and sCJD.*

Since 1996, measures gimed at reducing the risk of
vGJD transmission by blood transfusion have been gradu-
ally reinforced, both in the United Kingdom and in other

ABBAEVIATIONS: BSE = bovine spongiform encephalopathy;
EuroCITD = European Union collaborative group on cD:

PrP = prion protein; sCID = sporadic Creutzfeldt-Jakoh disease;
TSE = bansmissible spangiform encephalopathy; vC]D = variant
Crenrzteldt-fakob disease.

From the [nstitur de Vedlle Sanitalre, Saint-Maurice, Franice;
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countries exposed to the BSE agent. These ineasures
include striet sourcing of plastna used to marmufactive
clotting products, increased use of synthetic clotting
factors, leukoreduction, and in the United Kingdom,
Importation of blood products from countries nat
exposed to the vCID} agent. In France, those who have
lived in the United Kingdom for 1 year or more between
1980 and 1995 are deferred from blood donation. Signifi-
cant efforts have been made to develop tests capable of
detecting abnormal prion protein (PrP™%) in blood, and a
prototype assay was recently described.”

sCJD accounts for approximately 80% of human cases
of TSE. It is believed that the disease occurs as a result of
spontaneous formation and accumulation in the brain of
a misfolded form (PeP™%) of the normal prion protein
{PtPP). In France, mean anpual mortality from sCID
between 1999 and 2008 was approximately 1.8 per million
inhabitants (bttp:! fwww.inve.sante frf). Because the sur-
vival time after clinical onset is only about 6 months, mor-
tality and incidence rates are similar. sCJD is very rare
before the age of 50 years and its incidence peaks in the
70- to 79-year age group.'? Apart from age the only well-
established risk Factor for sCJD is polymorphism of the
prion protein gene (PANP) at Codon 2% hornozygotes
(methionine-methionine or valine-vallne at Codon
129) are at a higher risk of sCJD than heterozygotes
(methionine-valine}.l*

In this study, we estimated the expected annual
number of bloed donors who would subsequently
develop sCJD, under various assumplions about how lang
blood might be infectious before clinical anset. Genetic
and jatrogenic forms of CJD were not considered, because
there are large between-country variations in their inci-
dence. In Prance, individuals with a history of possible
iatrogenic exposure, or with a family history aof prien
disease, are deferred from blood donation.

MATERIALS AND METHODS

The numbet of blood donors with subclinleal sCYD at the
time of donation was estimated by using the following
data and assumptions. : .

Data

Annual mortality of sGJD

In France, all suspected cases of CJD must be natified to
the national register of human pricn diseases [Réseau
national de surveillance des.maladies de Creutzfeldt-
Jakob et maladies apparentées). In 1993, the French regis-
ter integrated the European Union collaborative group on
CID (EuroCID), EureCID surveillance methods and clas-
sifications are described in detaii elsewhere® Data on all
deaths from probable and definite sCJD recorded in

PRECLINICAL sCJD IN BLGOD DONORS

France from Jannary 2000 ta December 2008 were
extracted from the natienal register of human prian dis-
eases, corresponding to a total of 959 cases. Sex, year of
death, and age at death were available for all cases.
Because survival after clinical anset of sCJD is very short,
we used the dates ol death rather than the dates of
symptom onset, which tend to be less precise. The mean
annual number of sCJD deaths by age and sex was esti-
mated from 2000 to 2008 data.

Demographic and mortality data

Demographic data on blood denors were obtained from
the French institute for public health surveillance (Institut
de Veille Sanitaire), which centralizes each year the distri-
bution of blood donors by sex and age group (18-29, 30-39,
40-49, 50-59, 60-65 years) from the 17 regional bleod

" transfusion services. in France, over the study period from

1999 to 2008, subjects under 18 years and over 65 years of
age were not allowed ro give bleod. Based on narional
population census dara for 199% and 2007, the distribution
of the general population by age group and sex was esti-
mated from data provided by the Matienal Instituce of Sta-
tistics and Ecenomic studies, for each year from 1999 to
2008 (hitp:/fwww.insee.fr). .

We also used mortality data berween 1939 and 2003
by age, sex, and year of death for the general population
thttp:f {www.ined.fr). Indeed, because sCJD  usually
ocrurs after age 60 years, we also considered the possibil-
ity that a person with preclinical sCJD could die from a
competing cause before sympiom anset.

Main assumptions

Unecertainty as 1o the duration of the preclinicat phase of
sCID was a major issue. Experimental studies have pro-
vided data on the duration of silent pathologic process in
animal models but are not necessarily relevant to the
natural Marory of sCID, We therefore studied scenarios in
which the incubatlon period was £, 5, 10, or 15 years. Note
that the longer the incubation period, the larger the
number of infected persons who might have the abnormal
PrF in their bload and the higher the risk of death from
competing causes hefore clinical onset, We also 2ssumed
that the distribution of the PRNP polymorphism in blood
donors was similar to that of the general population and
that pezsons incubating sC]D were as likely as members of
the general population to donate bloed, except duting the
year preceding sCID onset, We therefore assumed thal a
patient who died from sCID did not give blood during the
year before death. Finally, we assurned that there was no
temnporal trend in the frequency or epidemiologic charac-
teristics of sCJD, that is, that the annual mortality of sCJD
by age and sex did not change cver time. Consequently,
mean anhual mortality computed from 2000 te 2008 sCID
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data was used as the martality estimate for vears after
2008 when we postulated incubation times of 5, 16,
and 15 years. In the same way, we assutned that there
was no tempaoral teend in mortality rates in the general
population and thus applied the 2008 rates to subsequent
years,

General design of the model

We estimated the expecied annual number of blood
donors with preclinical sCID by age group and sex by
using a four-stage model, based on the data described.

Stage 1
For each sex j, the number, ny,, of persons of age x
incubating sCID during year y was obtained from the
equation:

- Sevtyebi
ORI LY

kel H(l_fxd‘,-l,}]

im]

o)

where [P is the Incubation petied (1, §, 10, or L5 yearsy;
Seekpiny Is the number of persons who died from sCID,
corresponding to age x+k, year y+k and sex j; and
* ety gy 18 the mortality rate among persons who dled at
X+ { years, corresponding to year y + i and sex J.

Stage 2

For a specific age group |a, bl, the numbet of persons
incubating sCID, duy.,y, aged between @ and b years at
year y and who donated blood, was

ohtained fiom the following egua- 104
tion, by sex j:
120 4
Dy = E "‘wa‘S"M )
xdab| Rnu.y,j 100 4

where Binyy is the number of bleod
donors aged between a4 and b years
corresponding to year y and sex j;
Piayyy is the population size hetween
ages ¢ and b corresponding to year y

. and sex j; and n,;was obtained from
Eguatian {1).

Number sCJD cases

Stage 3

For each of the above-defined age
groups (4 bl (15-29, 30-39, 40-49,
50-59, 60-65 years}, the expected

donation, Ni.uy. aged between 4 and byears at year y, was
estimated as follows:

2
Niastr = 3 oy )]
=

Stage 4

Finally, the total number of bloed donors incubating sCID
was obtalned by suinmning up the results for the five age
groups computed at Stage 3 for each year y:

N, = Z Niasiy
ta bed

where A = {[18, 29], [30, 391, [40, 49], (50, 53], [60, 65]}.

RESULTS

Demoagraphic characterlstics of sCJD

From 2000 to 2008, among the suspected cases of TSE
natified to the natinnal reglater, 859 cases of sCJD [556
definite and 403 probable) were diagnosed in 537 female
patients (56%) and 422 male patents. Mean age at death
was 59.8 vears (standard deviation |SD], %.2; median, 71
years; range, 33-91 years; Fig.l). The annual mean
number of sCID cases was 106 (SD, 17).

Bemaographlc characteristics of the bleod

danor papulation

Every year, approximately 1.55 millian persons donate
bloed, representing 4.1% of the French population aged 18
te 65 years. The propertion of blead donors was similar
among men and women but varied with age (Fig, 2): the

<40 40-44 45.49 £0-64 55-59 BO-64 65-69 TO-T4 75-70 S0-B4 B5-89 = B9
Age group

nutnber of blood donors with pre-  Fig, L, Plstribution of aC)D cases (definite and probable} by age at death, France, 2000
clinical sCJD at the time of blood o 2008, (©) Female; (W) male.
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prapartion of blood donors was highest {5.5%) in the 18-
tn 29-year age group and lowest (2.4%) in the 60- to
B5-year age group.

Expected annual number of blood donors with
preclinical sCJD ’

Based on our model, each year a mean of 1.1 (5D, 0.3)
infected donors were within 1 year of sCJD clinical onset at
the time of blnod donation, £.9 (SD, 0.5} were within 5

%
0.7

0.6

0.8

0.4 A
[oX]
.2
01
o.c -
1950 2000 2001 2002 2003 2004 2004 2006 2007 2008
Year of donation

Fig. 2. Distrlbutlon of blood donors in the general population,
by age group and year of donatlon, France, 1999 to 2008,

(A) 18 to 29 years; (X) 40 10 43 year; {x) 50 1o 59 years;

(%) 30 10 39 years; {O) 60 to 85 years; (—} all.

30
25

204

Number of blood donors with preclinical sCJD

Wﬁw IP 5 yaars
2 SSssleslli ~o—=-0 F1yeat  high-quality register in the EuroCID
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years, 18,0 (5D, 0.5) were within 10 years, and 33.4 (§D. 1.1)
were within 15 years: Figure 3 shows that the expected
annual number of blood donors with preclinical sCID
was stable over the study period for each incubation
period.

During the period 1999 to 2008, the mean number of
donations per blood donor was 1.64 (254 millien dona-
tions from 15.5 million donors). Using this value, the risk
that a given blood donation would be provided by a doner
with preclinical sCID was estimated at 1 in 1,410,000 for -
donatlons made within 1 year before sCIDr onset, 1 in
225,000 for donations made within 5 vears, and, respec-
tively, 1 in 86,000 and 1 in 46,500 for donations made
within 10 and 15 vears of sCJD onset.

DISCUSSION

We estimated the annual number of blood donors
expected to develop dinical sCJD in the years after blood
danatian. The annual number of potentially infectious
danoars in the preclinical phase af sCJD ranged from 1 to
33, depending on whether blood was assumed io be
infectious only at the very end of the preclinical period
{i.e, 1 year before symptom onset) or up to 15 years
befare clinical onsel. Given the estimated numbers of
danars who are éxpecied to be in the late preclinical
stage of sGJD (i.e., within 5 years hefare symptom onset)
at the time of blood donation, the theoretical risk af
infected Mood donation varies between 1| per 1.41
million and 1 per 225,000 donations. This is the same as
ather transfusiun-related risks, estimated to be 1 in 1.37
million danations for human immunodeficiency virus
(HTV), 1 in 850,000 for hepatitis C virus (HCV), and 1 in
470,000 for hepatitis B virus in 1998 to 2000 in France,

before the implementation of

35 . . .
D’/D——G—D’D\CL“‘O—D——D—‘U 1P 15 yaars nucleic acid testing for HIV-1 and
HCuM

The upper limit of the age of
French blood donors was recenily
increased frorm G5 ta 70 years. How-
ever, the impact of this change on the
number of donors with preclinical

M PiGyesrs  sCID is expected to be negligible

because, in 2010, less than 1% of
blood donors were aged 66 to 70
years.

These estimates were based on
data from the French national CID
register, which is considered to be a

0 T T T T 1 T T

1989 2000 2001 2002 03 2004 2005 2606

Yaar of denation

2007 2008 collaboration and has beep evalu-

ated by the Ewopean Centre for
Disease Contral. We used a simple

Tig. 3. Expecied annual number of blood donurs with preclinlcal sCID for four incuba- epidemiolegic model, taking com-

ton petiods (P}, France, 1999 to 2008,

peting causes of death into account.
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The model did not require unlikely assumptions. The
main issue was the supposed duration of the incubation
perind.

Although experimental models are not fully relevant
to human prion diseases, experimental findings must be
considered. In a review concerning blood infectivity,
Brown and colleagues’™ reported that blood infeceivity
had heen experirnentally established for scrapie, BSE,
vCID, and the Gerstmann-Straiissler-Scheinker sym-
drome, a human genetic form of TSE. Serial transmission
experiments in guinea pigs showed that infectivity was
present in the blood of sCID-infected animals, " especially
in white blood cells (WBCs). Infectivity observed in red
blood cells (RBCs}, platelets, and plasma may have been
due in part to WBC contamination. It is noteworthy that
the four UK-reported transfusion-transmitted cases of
+CJD had received nonleukorediiced RBCs.

It is unclear for how long blood is infectious before
TSE clinical onset. Based on a small number of experi-
mental transimissions, blood infectivity was found early in
the incubation period in approximately one-third of
animals and in all animals late In the disease process.™ In
the reported cases of vC]D transmission by blood transfu-
sion, the donors developed the first signs of vCID within 3
years after the donation and the vCJD incubation period
in the recipients ranged between 5 and 9 years.

Alink has been observed between a history of surgery
and the risk of sCJD in some case-control studies but not
in all. Thus, in an Anstralian study comparing sCID cases
and community controls, a history of surgery was associ-
ated with a significantly higher risk of sCJD, and the risk
increased with the number of surgical procedures.’®
However, this finding was not repraduced in a large Euro-
pean collaborative case-cantrol study of similar design,”
A recent study from the EUROSURGYC)D Research Group,
using data from Dranish and Swedish national reglstries,
showed significant associations between various surgical
procedures and the subsequent risk of developing sCID.*
All but one of the published siudjes investigating the pos-
sible relation between transfusion and sCJD gave negative
results.>? In a large case-control study in Italy, however,
Puopolo and cowarkers'® observed a significant associa-
tion between sCID and blood transfusion 10 yeats or moze
before sCJD clinical onset in the recipient (adjusted odds
ratio, 5.05 [1.37-18.63]).

In addition ta classical biases that affect self-reported
assessment of past exposure in ali case-control studies,
specific problems are encountered when collecting trans-
fusien records of sCJD patients. Transfusions received
during surgical procedures may be ignered or forgotten.
Indeed, because most sCJD patients have severe cognitive
disorders, this information is usually obtained fram a rela-
tive. Another important issue Is that approximately 50% of
blood reciplents die within 5 years.® The [talian case-
control study concerning the association between sCID
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and transfusion did not consider intervals of less than 10
years between transfusion and sCJD onset in the recipi-
ent.’® Thus, case-control studies of the possible link
between transfusion and sCJID have limited reliabilify,
because the most appropriate approach would be to link
CJD registers with those of wansfusion recipients over a
lang period of time.

In all countries, a large range of precautionary
measures have been introduced to safeguard the blood
supply against the risk of infectious agents. These
include deferral of subjects having particular risk factors;
blood screening for a series of transmissible agents; with-
drawal and recall of any blond components, plasma
products, and tissues obtained from individuals wha
later developed a transmissible disease; and informing
recipients of blood preducts from a poessibly infected
doncer. Few of theae measures are relevant for sCJD, No

blood screening test is available yet for detecting pre- -

clinical sCJI. Deferral of donors having a past history
of neuro- or ephthalmologlc surgery or tissue or organ
transplant, family history of prion disease or dementia,
of past teatment with human growth hormone or gona-
dowophin reduces the potentlal risk of transfusion-
transmitted iatrogenic or genetic CID, but may not
prevent collection of blood from a donor incubating
sCIT:. Although studies have sugpested that a past history
of surgery might be a risk factor for sCID,™® it is
unthinkable w sonsider deferring of all candidate donors
with a past history of surgery. So, in France only two
measures may contribute to reduce the theoretical risk of
transfusion-related sCJD. First, since 1997, in relatlon
with the epidemic of transfusinn-wansmitted HIV infec-
tion, subjects who have received a bload transfusion are
rejected for bloed donation. Second, when a person sus-

pected of having sCJD reports having given blood, all.

blood products that have been prepared from his or her
blood are withdrawn. In most cases, RBCs and other
labile products have already been used at the time of
the notification, and only plasma-derived products are
still circulating. In agreement with the recommendation
of the French National Ethical Committee (hrop://
www.cone-ethique. fr), recipients ave informed only when
the risk of transfusion-transtitted infection 15 estab-
lished (as for vCJD) and not when the risk is theoretical
(as for sCJD). So, among the measures aiming to reduce
the risk of transfusion-transmitted infection, very few are
efficient for reducing the theoretical risk of transfusion-
transmitted sCJD agent.

On the other hand, sCID is not an emerging disease.
Certainly, hundreds of thousands of persans have received
blood {mainly nonleukoreduced) from sCiD-incubating
donors. The worldwide absence of any epidemic increase
of sCID over a very long period of time is reassuring and
indicates that binod infectivity in sCID, if any, is likely to
be very law.
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SYMNOPSIS

he first case of what weuld eventually become a
major outbreak of iatrogenic Creutzfsldt-Takob
dizease [CID) was reported in 1974; the patient had
received a corneal transplant from.an infected cadaver (/).
In the y=ars that followed, other sources of infection were
identified: stereotactic electroencephalogram elecirodes,
neurosurgical instruments, cadaveric dura mater and
pitvitary glands, and, most recently, secondary variant
“CID (vCID) bloed products. The ensemble of istrogenic
cases, including a bibliography of primary references, was
last reviewed in 2006 (2). Today, after pearly 40 years of
surveillance, the chranology and essential characteristics
of iatrogenic CJD have heen finalized, and the purposs
of this article is io present thesa data along with a few
brief comments about factors that determined the rigk
far infection and how future risks might be foreseen and
avpided.

By far the most common sources of iatrogenic disease
were human cadavers from which pituitary hormones
and durs mater grafts were obtained (Table ); Figure);
the other major variety of environmentally acquired
disease is vCID. The incidence curves of human growth
hermene—essociated and dura mater-assaciated CID are
almost-superimpasahle; 2 broad pesak occurred in the mid-
to-late 1590s, just ahead of the sharper peak incidzsnce of
vCID in the United Kingdom at the tumn of the century.
The incidence in other countries peaked a few years later,

in 2004, as a rasult of the delayed eppearance of bovine
spongiform encephalopathy in those countries.

The long incubation perfods—years to dacades—
of these low-dose infections pase a particularly -difficult
problem for public health officials, whose recommendations
may diminish the number of new cases but are mpotent
when it comes to preventing cases in already-infected
persons in the preclinical phese of disease. It s worth
remembering that the ecarly recognition of iatrogenic
sources of CJI? was entirely because of a few remariably
astike nenrclogists, neurosurgeons, and, astonishingly, a
pediatic endoctinelogist who pursued the unifkely (and
unpopular) diagnosis of CJD in a growth hormone recipient
{3)- It Is true that some of these connections bad the benefit
of comparatively short imervals between the infecting
events and the onsst of CID. It is especially fortunate
from the standpoint of early recognition of the dura mater

nssociation that the interval of 19 months betwesn the

opetation and oaset of symptams in the first case-patient
WS smong the shortest en.record for this form of iatrogenic.
CID (Table 2).

Human Growth Hormone

‘The current worldwide total of growth hormane—
essocisted cases of CID is 226. Most cases occurmed in
France (119 cas68/1,880 recipients; attack rate 6,395), the
United Kingdom (65 cases/1,800 recipients; aitack rate

Tabls 1. Giobal distribution of cases of latrogenic Creutzfaldt-Jakob disease*

Sourca of Infecon and no. cases

Swigheal procedurs g Medical pricadure

Dura mater Surgical EEG Comeal Growth Packed red -
Country grafts ingtruments _needles _bansplantst hormonat Gonadotopin __blood cells§
Amgentina 1 . ) \
Australia 5 4
Austria 3 1
Brazit 2
Canaga 4
Croalia 1
France 13 1 18
Germany 10 1
Ireland . 1
aly 9
Japan 142
Netheriands 5 2
Naw Zaatand z 8
South Korea 2
Qalar 1
South Africa 1
Spaln 14
Switzerand 2 2
Thailand 1
United Kingdom 8 3 &5 3
United States 4 1 28
Tolal 223 4 2 2 226 4 3
“EEG, slecuoencephal .

logran.
TAdiHonal possiblke single casas alter comeal transplant or kersloplasty (ot Included in lable) in Japan, United Kingdom, and United Stales,
$Human growih hosmona given In Brazll and New Zealand was prapared in tha Unlted Stales; thal phen It Gatar was prapared In Franca, Additional
possibla singls casas with human growth honmana 2= source (nof Included i 1adis) pocumed In Sweden, Auslralia, and New Zestand

§on addiional agympiomatic bul infected rad-call recplant died of an unrel=isd linexs; ancther a:
wiposed o patenlially conlamingled factor VI afso disd of an anelstad linesd (relher bs lociuded In the table),

Infastod hamaghiila palisnt who had been
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No.cases € Mo, cases B

=

[mTLIl
Rux

MNe. casas
cacndlR8n

cucal

158 100 1ma ac 2008 =
Year of onset

Figore. Anniral Incidence of variaml Creutzfelfi-Jakob disease
{(vCJD) caused by Ingeston of maal products contaminaled with
bovine spongiform encephalopatity 2gent {A) and latrogenic CJD
caused by contaminated dura mater (8) and cadaveric human growih
hommena {C), 1982-2011. White bars In panel A represeni cases
from outslde the United Kingdom, which were delayed In parallel with
the tater of biwine spongi ancephalopathy culside
the Unkted Kingdom (not a sacond wave resutiing from codon 129
ganotype differences). Two patients are axcluded: 1 presymptomatic
patien] trom the Unlted Siates who received human growth hemmane:
and died of an imercurant diness and 1 dura mates reciplent from the
United Kingdom with dizsase onset In 1878.

3.6%), and the United States (29 cases/7,700 recipients;
nitack rate 0.4%). ’

In France, further epidemiologic observations have
revealed that all 119 cases ocourred within a 1,170-patient
cohort receiving treatment during a 20-month pariod, from
December 1983 through July 1985, when there seems
to have been substantial cantsmination resulting fiom

" sourcing and processing deficiencies. According to these

numbers, the attack rate for the at-tisk cohort in France
increases to 10.2%, No new case has been Identified since
2008. In the United Kingdom, no cohart pattern is evident,
and cases continue to occur at an average rate of about 2
per year {only | in 2011}, In the United States, CJD has not
occurred in any patient who started treatment after 1977,
when n highly selective column chromatography step was
infroduced into the purification protocal. Since 2003, only
2 pew cages have been identified {1 in 2007 and 1 in 2009),
An estimated =2,700 patients received treatment before
1977, so the attack rate in the United States for this at-
risk cohort increases o 1,1% (4). The revised astack rates
therefore become 10.2% in France, 3.6% in the United
Kingdem, and 1.1% in the United States.

latragenic Creutzfekdt-Jakob Disease

The methionlne (M)valine polymorphism at cedan
129 of the PRVP gene has been examined in populations
with and without CID in many countriss; results have
varied {Table 3). Overall, it is clear that the M allele bestows
substantial susceptibility to the sporadic and the jatrogenic
forma of CID; in consequence, the proporiion of persons
with MM homaozygous genotype is overrepresented in both
categories of disease (the sole exception occurred in UK
growth hormone recipients, which led to speculation that
a different straln of the pathogenic agent might have been
disseminated} { {0}, It is also clear that, 23 & group, persons
with heterozygons genotype had longer incubation periods
than did thoss with hemozygous genotype, particularly in
France, Notwithstanding this statistical concluston, it is
noteworthy that several persons with MM homozygous
genotype had incubation perlods >30 years, including a
patient with recently diagnosed CID, whose incubation
period was 42 years, the current world record for any type

" of iatrogenic diseass.

Incubation periods for the total case population (not just
those examined for the codon 122 genotype} ranged from 5
to 42 years (mean 17 years), based on the interval between
the midpoint date of what was almost alweys a multiyear
period of treatment and the onset of CID symptoms; the
actual date of infection is impossible to determine. Mean
incubation periods for cases in the United States and New
Zealand (patients received hormone made in the United
States) were 22 and 26 years; United Kingdom, 20 years;
and France, 13 years, The shorter incubation periods in
France could have resulted partly from the narrower lmit
for the date of infection in France and are in accord with the
mean incubation period af 13.5 years in the 4 povadotropin
recipients from Australia, for whom theré is an even more
precise date of infection. However, a greater contribution
probably came from different infectious doses received by
patients in the different countries. Among all patients, the
clinicai features were distinctive in that, unlike sporsdic
CID, signs and symptoms almost never included dementia,
which, if it occurred gt all, wes ypically a late compenent
af the clinical course.

Dura Mater

The worldwide tally of dura mater—associated cases is
228, end new cases still continue to oceur here and there,
the most recent being individus! cases in Austria, South
Korea, and the Netherlands in 2011, If the pharmaceutical
industry (in contrast to gavemnment-sponsored laboratories)
comes awdy from the growth hormmone story with an almost
untainied record—only I case has been attributed 1o
industrially prepared hormene (1) —the same cannot be
said about the private sector producing dura mater grafts.
The source of almost all infections wes a manufacturer in,
Germany, B. Braun Melsungen AG, which has p worldwide

Emarglng Infectious Diseases - www.ode.govield « Vol. 18, No. 6, June 2612 03




SYNOPBIS

Tahla 2. tneubation perleds and clinkcal presentatinns of iatregenic Creutzieidt-Jakob disease, Acconding te sourca of infection*
Sourcs of Infection i nperiod,yfangs)  _ Chnkcalegnsf T

No. cases Mean incubation period, ¥ {ra Chnical elgns
Dura mater graft 228 12 (1.3-30) Cerzbellar, visual, dementa
Neurcsurgical Instruments 4 1.4 (1-2.3) Visual, dementia, cereballar
Sterataclic FEG neadles 2 13,17 Dementa, cerebellar
Comeal fransplant 2 1.5, 27 Dementa, cerebelia
Growth hommone 228 17 [5-42)% Cerehellay
Gonadotropin 4 13.5 {12-16} Cerebellar X
Packen red hloed colls§ 3 557883 Psychlatrle, sensory, dementia, carebellar
“EEG, alaciroancephaks] rarm.
tla arder of decraasing lrequincy.

PAvareges and ranges werm 13 (5-24) v In France; 20 (7-39] y in tha Unked Kingdom: and 2 {10-42) y Inthe Unlad Staies.
§An addiional asymplomalic but nfacled red-cal roclplent died of an nreialed liness; ancthar asymplomatic Infected hemaphlh putiani whe had been

axposed to potentially contaminaled factor Vill sk dlad of an unrolaied biness {neither Is Includad tn fhe tabla).

distribution network, and the incidence of CID appears to
have more ar less paralleled the frequency with which this
source of durs mater was used. In Jepan, it is estimated
that a3 many as 20,000 patches may have been naed cach
year, end the 142 cases in that country constitute two thirds
of the glabal total. Nevertheless, the overall attack rate in
the atrisk patient population in Japan is <0.03%. For the
entire (worldwide) group of dura mater—recipient patients,
incubation periods ranged from 1.3 to 30 years (mean 12
years), and, except in Japan, the clinical and nevropathologic
features were similer to those of sporadic CJD. In Japan,
approximately one third of the cases had atypical features
{slow progression, noncharacteristic electrommoephalogram
tracings, plaque deposition, and an atypical prien protein
molecular signature on Western blots), which suggested
the possibility of 2 different strains of infecting agent
{12,13). One patient had florid plaques and n pulvinar sign
0n magnetic resonance imaging, mimicking vCID (3).

Evaluation of the influence of the codon 125 genotype
is complicated by the fact that the population in Japan,
among whotn most cases ocewred, bas a high frequency
af the M allele (>90%), which dominated sporedie and
dura mater—associated forms of CID {Table 3) (6-9, /4, 15).
Among the cases in persons not from Japan, the distributlon
of genotypes approximated that found among patients with
sporadic CID, and, a3 with growth hormone-agsociated
cases, incubatien periods were samewhat longer for persons
with heterozygous than with homozygous genotypes.

Current Preventlon Strategies

The bast way to abolish secendary iztrogenic mfectmns
is, obviously, to prevent primary infections, but without
a test to identify infected but asymptomatic persons, we
camnot entirely eliminate the rsk inherent in human-to-
humean tissue transfer. We are therefore obliged ta rely on
the default strasegies of 1} identification and donor deferral
of persons at higher than normal risk for CTD development
and 2) inclusion of prion-reduction steps in the sterilization
of penetrating instruments and the processing of therapeutic
tissues and fluids.

Delinestion of high-risk categoties initially focused
on precisely those groups of persons who were exposed
1o the knewn sources of fatrogenic disease: recipients of

cadaveric durz mater grafls or pituitary-derived hormenes, |

When vCID started to oceur, restrictions were 2fso placed
on donor time of resldence in the most heavily infected
regions—the United Kingdom and, to a lesser extent,
confinental Europe—and embargoes were placed on the
importation of biclogical products from these regioms.
These deferral and import restrictions remain in place
today and need some thoughtful reevaluation in view of
the near extinction of afl such sources of jatrogenic CID.
In the United States, there have been only 4 cases of dura
mater—nssociated disease (the most recent in 2005) and no
case. of growth hormone-associated CID for anyone wha
began treatment after 1977

On the other hend, the possibiliy of imtropenic
infection resulting from transfer of tissues or flujds from
persans whe have contrected a prion disease from animala

. has not disappeared with the abating epidemics of bovine

spongiform encephalopathy and vCID. A few persons
who may be experiencing a loag incubation phase of
VCID siill pose an obvious danget tn the United Kingdom,
bul an underzppreciated potential danger lies in 2 other
animal diseases: scraple and chromic wasting dissese
(CWD). Although scrapie-infected sheep tissues have
been consumed for long cnough (hundreds of years) to be
considered harmless for humans, the same cannot be said
about the atypical strains of scrapie that are beginnlog to
displace the typical strains and with which we do not yet
bave enough experlence to evaluate buman pathogenicity.
Similerly, we cannot declare with certainty that CWD
poses no threat to humans, and CWD is continuing its
unchscked spread across the United Stares and Canada with
no pearantee that it will not beconze globally distributed
in the years to come. One hunter has already put & group
of unwitting persons at risk for infection by donating a
deer, later found to bave CWD, for consumption at a rural
banquet in New York State (46); more such expasures are
likely to ocour as CWT2 continues its geographic expansion.
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Tabla 3. Comparison of PRAP codon 129 genotype frequencles and incubation periods in growth hormene— and dura maler—

_associaled cares of iatrogenic CJD*

Catsgory B MM W Homozygotes Helerozygoles
Fopulation
Healhy Caucasian, %t 40 10 50 50
Eurcpean, with sporadic CJD, % a7 17 a4 16
Haalthy Japanesa, % 92 Q g2 ]
Japanasa, with sporadis G0, {35) a7 1 g8 2
Infection sourca
Growth harmone
France (111} .
Genotypa frequency, % 54 15 89 - 31
Incubation period, ¥ 12 9 1 17
Linited Klngdom (28)
Genatype frequency, % 4 50 54 46
Incubation perled, y 21 18 20 23
United States (11)
Genotype frequency, % 55 12 73 27
Incubstion peried. y 21 18 - 20 23
Comblned otal (150}
Genaofypa frequency, % ! 45 22 67 33
Incubatlon percd, y 13 12 12 17
Dura mater
Japan (54)1
Genolypa I‘requenby. % o8 ] .- 4
Incubation perlod, 16 NA 16 - 13
Counlries o1her than Japan 62} -
Genolypa frequency, % 65 15 a0 20
Incubation perad, y 12 12 12 16
Corbired total (108)
Genolype frequency, % 81 7 Bﬂ 12
Incubation parlod, 12 16

*CAID, Creutrfekii-Jakob dlsaase; M, mathlonine; V, valina; NA, nat appﬂc.abla Al values are rounded to tha nearest whoks nimber.
)

fﬂu-q on aaveral lanumla populaﬂcn studies {5-9]
commainicad

$Personal lon from M. Yamama, Department of Newrology, Kanazawa Unhwarslty Hasplal, Kanazswa, Jepan,
$§Casea from Franca (11), Spai (1), Garmany {10), Haly {8), Ihe Nethariands (5), and 1 or 2 casas from each of B olher countrins with Cavizaslan

_Populations.

Fufure Prevenfion Strategies

The issue of reduclog risk by taking steps to inactivate
prions is nlways a work in progress s new therapeutic
products tome into production and pew methods to
inactivate prlons are discoversd. The iried-and-te
laboratory method of prion sterilization (1-hour exposures
to either undiluted Bleach or | N sodium hydroxide
followed by steam autoclaving at 3. atmospheres pressure
for 20'minutes) is npplicable only to nonfragile instraments
and not at all to living tissues, The surprising resistance of
dura mater to 0.1 N sodium hydroxide (17) and of growth
hormone to & M uren {18) led to their incorporation inte
processing protocois before being replaced by nondural
tissus or synthetic patches and recombinant hormone, Te
reduce infectivity, blood, bleod products, and othar fluids
can be subjected to nanofittration and prion-affinity ligands
(79-22), which should also be applicable to other biological
products, for example, vaccineand stem cell cultures, should
they be susceptible to infection (23). Fragile instruments
such as endoscopes and electrodes remain a challenpe, but

new and pentler methods— alkaline cleaning solutions, |

phenolics, and gasecus hydrogen peroxide—have proven
harmless ¢ instuments and give a high, if not always
cemplets, degree of prion inectivation (24-26).

The ongoing refinement of & quaking-induced
convarsion detection of the misfolded yrion protein holds
the best prospect of evalving inta a sensitive and practical
tool, but it bas yet to be validated in blind testing of
plasma from symptomatic patients er in presymptomatic
persons, even more rigorous but necessary (27,28). It
may be necessary fo use scrapie-infected animals for
presymptomatic validation because only 1 group of
humans could firnish apprapriate samples—sasymptomatic
carriers of CID-inducing mutetions—and putting together
and testing & reasonable number of such samples will take
years to accomplish.

The total numbers of cases for the 2 major causes
of iatrogenic CJD during the past 40 years (226 growth
hormene cases and 228 dura matsr cases) are amazingly
close and ar likely to remain so after the few additional
leng-lncubating cases finally surface In the next few years,
The combination of appropriste blood domor defereale
and the incorporaton of tissue, fluid, and instrument
infectivity—reduction staps should continue to hold the
sources of potential jatogenic disease tp a minimum
uetil such time as a practicel screening test for inapparent
infection is validated for human use.
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PQ-249: Estimation of variant Creutzfeldt-Jakob
disease Infectivity titers in human blood

Luisa Gregeri, Hang Yang, Steven Anderson
PO Reckwille, MO USA

Blood of individuals with variant CreurzfeldrJakob diseace
(vCIDY is infectious but the titer s wnknown, Current estimates
of passible vCJ D infectivity tirers in blood have largely relied on
an assumption that the titers of vCJD agent in human blood are
likely e be similar o those in blood of rodants infaceed with
model reansmissible spongiform sncephalopachy (TSE) agents,
assayed by inteacerebeal (ue.) inoculations of rodents of the same
species.

We analyzed published deseriptions of erperimental transfu-
sion-transmirted {TT) bovine spongiform encephalopathy {BSE)
and scrapie in sheep and reparts of TIVC]D in humans, applying
stacistical approaches to estimate the probable number of incrave-
aous infectious doses (IDiv) per unit of transfused blocd {IDiv/
uaic).! The combined daa for sheep wich scrapie and BSE were
stratified inzo 4 groups based on the clapsed fraction of the IP
of the donot sheep ar time of blood donation.* These observa-
tions suggest that not every blood unit drawn from 4n infecred
sheep transmived infectivicy when transfused. Analogously, data
From eransfusions in humans akso suggest thar nor all recipiencs
of NLR-RBCs from donots with vCJD became infected. For
humans, IDivfunit of nondeukoreduced red boad calls (NLR-
RECs) were estimated by rwo statistical models using data from
UK Transfusion Medicine Epidemiology Review. Mode! 1 rep-

resents a snapshot of the current sitnation and does not inclyde -

petential asympromatic infections among the living reciplents,
Moadel 2 assumed that the 3 dinical TTYCJD cases mported in
the Transfusion Medicine Epidemiological Revisw® study rep-
resent WLR-RBCs recipients who met 3 coiterfa: (1) they were
infected; (2) they weve of the MM genotype; (3) they had suc-
vived long snough to exceed the minimum incubation period of
vCID.

Sheep blood collected ar or near onser of clinical illncss con-
wined o mean of 0.80 IDiv/unit. Estimates of infectivicy in
NLR-RBCs from danors incubating vCJI indicated a probable
mean infectivity of 0,29 IDiv/unic (model 1) and 0.75 IDiviunic
(model 2). The analysis predicted 2 mean of 21 vCJD-infected
recipients expeced in o cohary of 27 transfused wich vCID-
implicated NLR-RECs in the Unired Kingdom (UK},

Qur analysis suggested that, while less than one IDiy is likely
ta be pressntin a given unit of MLR-RBCs collected from a denor
incubaring vCJD, there is & high probabilicy of TT infection
among gecipients of vCJD-implicated blood components. The
analysis sapports contihuing measures currently recommeanded
@ raduce the risk of TTVCID,

Disclaimer, The findings and canclusions in this presenca-
tion have not been formally disseminated by the Food and Diag

¢ Administration and should nor be construed to represent any

Agency determination or palicy.
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PO-250: Degradation of abnormal prion protein
by a hyper-stable protease

zufumi no.! Yuki Hori,! Azumi Hirata,! Yuichl Koga,?
Akikazu Sakudo,? Kazuyoshi tkuta,? Shigenori Kanaya?

'Kyato Prefectural Unijw Japar; saks sity: Suirz, Japan;
nivarshy o tha Ryukyas; O%inaws, Japan

Background. The abnormal prion protein (PrP%) which is z pra-
tease fesistant isaform of nocmal prion protein (PrPF), thoughe
t be an infectious agent of ansmissible spongiform encepha-
lopachies (TSE). Decontamination of PrI* from clinical equip-
ment is impartant issue to avoid jatrogenic rransmission of prion
diseases. Several reagents or physical procedures are available w
inzetivate PIP* bur they cannor apply o some equipment sich as
endoscape. In this work, we focus hyperstable protease, Tie8P,
which will have engymatic accivity under protein-denaruring
conditions and degrade PrP%.

Methods. TkSP isolated from the hyperthermophile
Thermococens kodakarensis was ovesproduced in F. coli. The
enzymatic activity of Tk-$P with derergenrs and EDTA was mea-
suged. PrP* (Chandler strain and Obihiro strain) accumulated
in scrapie infected-mouse brain homogenate was degraded with
Tle-SP, and detected by western-blot analysis,

Results and Conclusion, Tk-8P is able to maintain ics protes.
Iyte activity in the presence of derergents and EDTA. We apii-
mized the conditien which Tk-SP works efficiently, Furthermore,
we revealed char the Th-5P can degrade PrP to a level undersct-
able by wesrern-blot analysis. The results mean chat Th-5P ean
be developed as a derergenr additive 1 decrease the secondary

infection risk of TSE,

2

PO-251: Valldation of a risk assessment model
of varlant Crevizfeldt-Jakob disease (VGJD)
transmission via red cell fransfusion

Hona Yang, Luisa Gregori, David Asher, Pedra Piccardo,
Steven Anderson

US Food and Drug Administration; Rackuilla, ME USA.

As of Navember 2011, 222 primary vCJD cases have been
teported worldwide. Most were acquired in che United Kingdom
(UK). vCID is cransmissible by bload transfusions to date,
there have been a total of four probable vCJD transmissions
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by non-lsukoredured red bload cells in the UK. We developed
a risk assessment modeling approach to cstimate the potential
tisk of transfusion-transmitced vCJD (TTvCILY) through red cell
transfusion, The appsoach was validated by generating predic-
tions from two separate medels that used country-specific duta
on blood collection and wansfusion for the UK and Franct and
comparing them ro the reported mimbers of TT¥CJD cases in
each country. -

The model inregrated inpucvalues for facrors such as potential
vC]D) prevalence among the papulations, number of hlood dona-
tions and of red blood cell transfusions, crznsmissibality of the
disease, and suseepeibility of recipients. vCJD prevalence in the
UK population is a major input used in the model, It was used
to derive the vC]JD prevalencs in France, Becanse this input is
Eighly uscertain, the model was stratificd by alow estimatz of 1.7
asymptamatic vC] D infections per million UK popelation (95%
CI: 0.2-3.7 cases per million} derived from a study of epidemio-
logical modeling {Garke and Ghaoi, 2010) and 2 high estimaze
279 vCJD infections per million population (95% Cl: 72-485
infections per million) derived from tissue surveillance studies

(Hilton et al. 2004, Bennet and Dralitechizv 2011). The model
also estimated che potential number of TTVCJD infections thar
mighe lead to clinical cases by including adjusements for disease
incubasion pericd and posc-transfusion survival rate. Finally, the
model predictions for numbers of cumulative TIVCID clinical
cases in the UK and France from 1980 o the current year were
compared with the number of abserved cases in these two coun-
cries for model validation .
Predicrions of TTvC)D risk were highly dependenc upon the
prevaience assumptions used in the madels. Using the lower prev-
zlence assumprion che model predicred only a few TTvCJD cases
in rthe UK and zero cases in Prance since 1980, These predic-
tions were cansistenc wich the reports of clinical TT¥C]D cases
in the UK (3 cases) and France {zcto cases}. Using the higher
prevalence assumption, che predicred number of infections and
cases weee much higher. The modet alse predicted the member of
asymptomatic infeetions was mare than 10 times higher thaa the
predicted number clinical cases, which implicd approximarely
90% of infected recipients would have died of other causes befare
shawing overt signs of vCJD.

True vCJD prevalence in the UK is the major data grp causing
uncertainty in estimacing TTwC]D sisk. Hlowever, validation of
the model suggested the greatesc consistency between results from
the lower prevalence astimare and reporved cases. In the future,
this model will be applied o estimaring the risk of TIWCID ia
the US and the effectiveniess of currenc safecy interventions,

180 Prdan

PO-252: Comparative studies addressing the blood-
related transmissibility of transmissible sponglform
encephalopathies (TSE) in murine transgenic models

Oksana Yakovleva Karel Holada? Paula Saa,
Carroll McKenzle) Jorge De Castra,! Irina Vasilysva,! Paul
Brown, Jean Manson,? Larisa Cervenalova

“American Red Cross Helland Laberatary; Rockville, MD G5AFirst Faculty of
Mediine, Charles Unlvecsity; Pragus, Czech Republic \CEA Institute of Enecging
Diseases and [nnovatlve Therapies; Fontenay-aux-Rose, Fracice; “The Reslin Wnstiute,
University of Eclinbiogh anc RID)SYS; Easter Bush, Midisthian, Scotiand, DK

Intreduction. larrogenic infections of varfant CJD (vCJD) and
sporadic CJD (sCJD} chrough blood-related transmission are
still under scrutiny. In our eadier scudies we demonstrated tnfec-
tivity in buffy coat and plasma of vC]D-infected canventional
onice during the incubarion period and at the clinical stage of the
disease, Later, we repofted on failure to transmit the dissase afer
intracecebral (i) injeceions of TgRM mice with plasma from
clinically il TeRM mice infected with O, We simed to inves-
tigate whether this failure to cansmic vCJD could be attribuced
to the TSE serain or to an inability of the hose, TgRM mouse, to
propagate the agent cutside of the cantrl nervous system due o
the absence of PrPC in blood. ‘To addzess the first passibilicy, we
inocutaced TgRM moice with pooled plasma eollected from sick
sC]D-infected TgRM mice. To address the second possibilicy,
we compared expression of PrPC in blood cells and plasma from
TeRM mice 2nd knock-in HuMM and HuVV mice,

Materials and Methods. TgRM mice expressing human PP
(PRNP M129, a brain PrPC level 4-fold higher than in witd-
type mice) were injected §.c. wich 30 pl of 19 and 0.1% sCJD
{M129M, Type 1 and 2) brain homopenares (WHO sample
RU99~009 supplied by che NIBSC, UK). Blood was collected
into anticoagulant from uninoeulated and sick mice (positive for
PiPres in che brainy berween 165-217 d afrer inoculatian, and
scparated into plasma and cellular components and Frozen. On
the day of the experimear, thawed plasma was pooled and diluted
4-fold with sterile saline. Groups of TgRM smice were injected
eicher i.c. with 30 yl or Lv. with 100 pl of sCID-derived or con-
tral plasma. Animals are under sarveillance with ne clinjeal
signs of TSE after 200 d following ivaculation. The transgenic
HuMM and HiVV mice were described elsewhere! PrPC was
examined in healchy TgRM, HuMM and HuVV mice on blood
cells by PACS andfor by western blot and in plasma by sandwich
ELISA Results. The HuMM and HuVV mice txpressed signifi-
candy higher levels of PIPC on lymphocyres and RBCs but not

on platelets than TgRM mice and HuVV express higher levels
than HuMM. The plasma levels of PrPC followed the sams pee-
tern, En addition o the ongeing transmission study in TgRM
mice, studies are underway 16 cstablish whether vCJI and sCJD
are transmissible by blood in HubMM and HuVV mice.

Conclusion. Comprehensive chiaracterization of PIPC distri-
burion in blood and lymphoreticular comparements of genetically
manipulated mice may allow the peneration of a better model o
study iatrogenie transmission of TSEs by blood, and for studies
of disease pathogenesis.
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Guidance for Industry

Draft Guidance for Industry: Amendment to
“Guidance for Industry: Revised Preventive
Measures to Reduce the Possible Risk of Transmission
of Creutzfeldt-Jakob Disease and Variant Creutzfeldt-
Jakob Disease by Blood and Blood Products”

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 hiyp/iwww regulations.gov, Submit written comments to the
Division of Dockets Management (HFA-305), Food and Drug Administration, 5630 Fishers
Lane, Rm. 1061, Rockyville, ME» 20852, You should identify all comments with the docket
number listed in the notice of availability that publishes in the Federal Register,

Additional copies of this guidance are available from the Office of Communication, Outreach
and Development (QCOD), {HFM-40), 1401 Rockville Pike, Suite 200N, Rockville, MDD 20852~
1448, or by calling 1-300-835-4709 or 301-827-1800, or e-mail pcodi@fda hhs.gov, or from the

Internet at http//www. rcgulang,l_lg ggL or

nees/default him,

For questions 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
Foad and Drug Administration

Center for Biologics Evaluation and Research
June 2012
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Guidance for Industry

Draft Guidance for Industry: Amendment to “Guidance for
Indusiry: Revised Preventive Measures to Reduce the Possible Risk
of Transmission of Creutzfeldt-Jakob Disease and Variant
Creutzfeldt-Takob Disease by Blood and Blood Products”

This draft guidance, when finalized, will represent the Food and Drug Administration’s
(FDA’s) current thinking on this lopic. It does not create or confer any rights for or on any
person and does rot operata 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
1o discuss an alternative approach, contact the appropriate FDA siaff, If vou cannot identify

[Lthe aggrogrime Fbd SmiZ' call the appropriate rumber listed on the litle page aﬁ this ga’dance.

L - INTRODUCTION

This draft guidance is intended to amend the guidance entitled “Guidance for Industry: Revised
Preventive Measures to Reduce the Possible Risk of Transmission of Creutzfeldi-Jakoh Disease
(CID} and Variant Crentzfeldt-Jakob Disease (vCJD) by Blood and Blood Products,” dated May
2010 (2010 CID/AVCID guidance)(May 27, 2010),' by revising the recommendations for labeling of
plasma-derived products, including albumin and products containing plasma-derived albumin, to
reflect current understanding of vCJD transmission through blood, When finalized, we will update
the 2010 CID/CID guidance by incorporating the revised labeling recommendations into the 2010
CID/vCID puidance, but will otherwise continue with our recommendations in the 2010 CIDNCID
guidanee as currently provided.

This guidance is intended for manufacturers of plasma-derived products, including albumin, and
pioducts containing plasma-derived albumin, Within this guidance, “you™ refers to
manufacturers and “we" refers to FDA,

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

! This guidnnee is available at: hilpe/fwwy, [da gov/BiolomicsBloodVaccines/Guidance
ComplianceRegulatoryinformation/GuidansevBlood/ds fult.him.

Contains Nonbinding Recommendations
Draft — Not for Implemeniation
I BACKGROUND

CJD and vCID} are two forms of transmissible spongiform encephalopathy (TSE) effecting
humans.? The Center for Biologics Evaluation and Research (CBER) first provided guidance for
labeling of blood and blood products for CYD risk in November 1999, prior te reports of vCID
transmission by blood or plasma. We have continued to issue guidance on this tapic as we
continue to monitor epidemiological findings and other scientific data regarding CID and vCID,
Since that time, four cases of presumed vCJD transmission by non-leukoreduced blood have
oceurred in the United Kingdom (U.K.). All of these were among recipients of blood from
denors who later developed vCID. In 200%, abnormal prion protein was discovered post mortem
in the spleen tissue of a person with hemophilia® with no symptoms of vCID or other
neurological condition. The patient, who was over 7( years old, died of other causes. This
individual had received blood transfusions and large amounts of U.K. plasma-derived Factor
VIIL. A risk assessment performed by UK. health authorities concluded that, assuming that the
abnommal prion protein finding was a marker for asymptomatic vCID infection, the most likely
source of such an infection was plasma-derived Factor VITI, rather than dietary exposure,
endoscopy procedures, or red blood cell fransfusions.? Q

In the 2010 CID/¥CID guidance, in section VILB., we recommended revised labeling of blood
and blood components for fransfusion to address the possible sk of transmission of vCJD as a
potential rigk. At that time, we also said that FDA intends to further address labeling of plasma
derived products, including plasma derived albumin and products containing plasma derived
albumin, in future recommendations. We now recommend revisions to labeling for plasma
derivatives, including albumin, and produets containing plasma-derived albumin, 1o reflect
current knowledge that vCJD has been transmitted by blood, and most Likely by a plasma
derivative.

At this time, plasma derivatives have not been implicated in vCJD transmission in any country

. other than the UK. In the 2010 CID/vCID guidance, we recommended preventive blood donor

deferrals for time spent in the UK. and in Europe, and for other risks of Bovine Spongiform

Encephalopathy or vCID exposure. To date, no U.S.-licensed plasma derived products have been
manufactured from a donor known to have developed vCJD and no cases of vCID been reported

from use of a U.3.-licensed plasma derivative. In addition, published studies and information

submitted to FDA show that certain plasma derivative manufacturing steps can remove TSE m
infectivity, although such experiments have inherent limitations (Refs. 1-3). However, based on R
animal studies, ag well as on FDA risk assessments, the possibility of vCJID transmission by a

[).8.-licensed plasma derivative, while extremely small, cannot be absolutely ruled out. For

these reasons, the recommendations for labeling for plasma derivatives will include mention of

vCJD for the first time, and the potential risk for its transmission. The recommended elements of

% For the purpoaes of thiis document, FDA considers the less common TSEs, Gerstmann-Strussler-Scheinker

syndrome and fatal insomnia gyndromes, 1o be equivalent in risk to familial and sporadic CJD,

*Variant CJD and Plasma Products, Health Protection Agency (HPA), UK,

hi, pa.org ukiwebEP Awsb& P AwebStandard 1] .

* vCID Risk Assessment Calculations for a Patient with Multiple Routes af Exposurs, HPA, Dept, of Healtl, UK,
: 0.2 K gum,_dbfg s/céh digillas igi 0033°7.ndf
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the warning label for CJD are unchanged and continue to describe its transmission as &
theotetical risk, given that there is no confirmed evidence that CJD is transmitted by blood
(Refs. 4-7). :

Similarly, we are recornending revisions to the labeling for plasma-derived albumin and
products containing plasma-derived albumin. In addition to its indications for direet infusion
into patients, albumin may be used in the manufacture of other biological products. For
example, it iz used in the culture media of certain licensed vaccines or as a stabilizer in certain
recombinant clotting factor products. Licensed albumin and albumin contained in other licensed
products have never been known to transmit viruses, CJD or vCJID, and laboratory experimental
evidence suggests albumin is less likely to contain CJD-like agents when compared with other
fractionated products (Refs. 8-10). There is no epidemiological evidence for transmission of
CJD or vCID in the 1.8, UK., or elsewhere by praducts containing plagma-derived albumin.
Thercfore, our recommendations for revised warning statements for vCJD risk for plasma-
derived albumin and produets ¢ontaining plasma-derived albumin contain additional [anguage to
reflect the extremely low likelihood of vCID and CID transmission through these products.

In Cctober 2010, we sought the advice of the Transmissible Spongiform Encephalopathies

Advisory Commitiee (TSEAC) on our proposed labeling recommendations 1o reflect potential tigk of -

¥CID in plasma-derived products, TSEAC agreed unsnimousiy that labeling for the potential
risk of vCID js warranted for plasma derivatives, including albumin and products containing
albumin (Ref. L1).

Whed finalized, the récommendations set forth below are intended to supersede the
recommendations in FDA’s 2010 CID/ACID guidance at section VILB (recommendations 2-4),
OI. RECOMMENDATIONS

We recommend that you revise the statement in the Warnings and Precautions section of your
labeling gs followas:

Plasma-derived preducts Other than Albumin

“Because this product is made: from human blood, it may camy a risk of transmitting infectious
agents, e.g., viruses, the variant Creutzfeldt-Jakob disease (vCJID) agent and, theoretically, the
Creutzfeldt-Jakob disease (CJD) agent.” .

Plasina-derived Albumin

“Albumin is a derivative of human blocd. Based on effective donor screening and product
manufacturing processes, it catries an extremely remote risk for transmission of viral diseases and

variant Crentzfeldt-Jakob disease (vCID). There is a theoretical risk for transmission of Crewzfeldt-

Jakob disease (CID}, but if that risk actually exists, the risk of transmission would also be considered

Contains Nonbinding Recommmendations
Draft— Not for Implamentation

extremely remote. No cases of transmission of viral diseases, CID, or vCID have ever been
identified for licensed albumin,”

Products Containing Plasma-derived Albumin

“This product containg albumin, a detivative of human blood. Based on effective donor
screening and product manofacturing processes, it carries an extremely remote risk for
transmission of viral diseases and variaot Creutzfeldt-Jakob disease (vCID), Thereisa
theoretical rigk for transmission of Crentzfeldi-Jakob disease (CJD), but if that risk actually
exists, the risk of transmission would also be considered extremely remote. No cases of
transmission of viral diseases, CID, or vCID have ever been identified for licensed albumin or

. albomin contained in other licensed products.”
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Legionnaires’ disease outbreak in Stoke-on-Trent

Public and environmental health experts in the West Midlands are continuing to investigate a
legionnaires” disease outbreak at Stoke-on-Trent after identifying the probable sourca as a hot ub on
display in a store in the town. Approprizte control measure have now been put in place. As at

10 August, the number of conflrmed cases associated with the outbreak was 21, including two fatal
¢ases.

In the meantime, the Health and Safety Executive {HSE), having reviewad significant qutbreaks in
Greal Britain over the past 10 years [2], has issuad a safety notice reminding opsrators of cooling
towers and evaporative condensers — the most common source of such events ~ of the need for
effective and consistent monitoring of water quality and the importance of responsibilities belng
assigned to named individuals with proper management oversight of such facilities [3].

References
1. "Medla update on legionnaires' disease in Stake-~on-Trent", MPA press notice, 3 August 2012,

2. Legionella outbreaks and HSE investigatiohs: an analysis of contributory factors (Health and Safety.
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Summary results of the second natlonal survey of abnormal prion prevalence
in archived appendix specimens

In Apiil 2008, the Spongiform Encephalopathy Advisory Committea (SEAC) considered available
prevalence data for variant Creutzfeldt-Jakob Disease (vGJD) in the British population and advised
that a second appendix survey, using the same approach as a previous appendix tissue survey [1] on
sampies from the 1941 to 1985 birth cohort, be undertaken to further refine the estimate forthe
prevalence of subelinical infection [2]. The second unlinked anonymous survey of the prevalence af
abnormal prion proteln in archived appendix tissues has now been completed and this summary
provides an update o the interim results published in September 2011 [3.4].

The survay examined appendicas by immunchistochemisiry from operations cenducted between
2000 and 2012 and collected from 41 hospitals thraghout England. Abnermal prion accumulation
was detected within the follicufar dendritic cells of 16 appendicas out of 32,441 suitable samples
examined. None of the positive appendices have come from the 176 known vCJD cases In the UK In
line with tha interim findings, the final overail prevalence astimate, 483 per milllon (95% Confldence
Interval {C1): 282 to 801 per million), remainad siatistically consistent with results from the sarier
appendix survey {237 per mifion, 95%C1 49 to 692 per million} which examined samples from
operations performed between 1995 and 1998 [1]. The prevalence estimatss by birth cohort were 733
per million (95% Cl: 265 to 1588 per million) in those bom between 1941 and 1960 and 412 per
millicn (95% CI: 188 to 758 per million) in those born befween 1861 and 1985: these results wers also
ini line with the Interim findings [3,4).

The survey was conducted by a collaboration of the HPA, the Department of Neurodegenerative
Diseases af the UCL Institute of Neuralogy, the Anlmal Health and Veterinary Leboratories Agency,
tha Natlcnal Creutzfeldt-Jakob Disease Research and Survelllance Unit, the Histopathology
Department of Derriford Hespital in Piymouth, and the MRC Prion Unit.

The final survay results have been considered by the Transmissible Spongiform Encephalopathies
Risk Assessment Sub-Group of the Advisory Committee on Dangerous Pathogens, the suecessor to
SEAC [5). In summary, the astimated prevalence range largely overlaps that from the first survey, but

Health Protection Repert Vol 8 No.32 - 10 Augusi 2012

is narrower with a higher centrat estimate (around 1 in 2000 compared with around 1 in 4060). The
new survey alsc demonstrates the presence of prion protein across a wider birth cohort than
previously,

The hypothesis that the prevalence of abnormal prions found in both appandix surveys to date Is
linked to the epidemic of BSE In cattle in Britain can be tested directly by studying further appendix
samples archived prior fo the BSE outbreak and samples from those barn in 1996 or later by which
time measures had been put in place fo protect the food chain [5].
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