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Table 3 f
Extent of TSE agent removal during nanofiltration of plasma-derived coagulat:on factor concentrates. Adapted from Refs. [43,62]
Starting plasma fraction Nznofilter End-product Agent Spike Assays Reduction factor
DEAE-Toyopearl 650M eluate Planova 35N vWF 263K MF . WB- =31(61]
DEAE-Toyopear! 650M eluate Planova Fvil 263K MF Bioagsay = 3.3 (61}
‘ 35N+ 15N
SD + DEAE-Toyopearl 650M efuate Planova FVINl 263K MF WB z 5.1 (61}
35N+ 15N
Menoclanal antibody chromatography eluate_ Planova Fvili 263K BH +8D Bioassay 4+ 03% L3+2
75N+ 35N 0.5 [62]
+354 15N .
Monoclonal antibody chromatography eluate Planova FVIII 263K PrPsc + SD Bicassay 3+ 0408+22
75N + 35N : 62}
+ 35N+ 15N
Jon-exchange Planova 15N FiX 263K MF Bivassay 4.8 611
chromatography + heparin-Sepharose eluate .
Iori-exchange Planova 15N FIX BSE 6PB1 BH + sonication  Bioassay 5.3 142}

chromatography + heparm-Sepharvse eluate

MF: microsorpal fraction; BH: brain homogeneate; WH: Weslcmblot, SD: so!vmt—detcrgem.

fate {39]. Using blood from scrapie-infected hamsters, and in
spiking studies where scrapie 263K PrP* was added to human
plasma, 20% and 10% of the infectivity partifioned in the cryo-

* precipitate, respectively [35,54). By contrast, when human

plasma was spiked with scrapie 263K brain homogeneate
(BH), 90% of PrP* was found in the cryoprecipitate. These
confradictory results may highlight the influence of the nature
of the experimental model used, in particular the physico-
chemical nature of the spike {34), or of the variations in the
down-scaling of the cryoprecipitation procedure, or they actu-
ally illustrate the fact that cryoprecipitation does not engure
robust partitioning of TSE infectivity.

3.3.2.2. Ethanol precipitation. The capacity of precipitation
steps to remove prions efficiently has first been shown by par-
titioning of endogenous infectivity using a rodent model. Ut is

_particularly well documented for the ethanol fractionation pro-

cess isolating albumin and immunoglobulins. In the albumin
fractionation procedure wvsing either the Cohn-Oncley or the
Kistler and Nitchman processes, major and consistent reduc-

Table 4

tion factors (typically 3-5 logs) of TSE agent have been
found by various groups, most specifically during the precipi-
tation of fraction II + HI, fraction HI, and fraction IV, or their
equivalents using slightly modified fractionation conditions
[35,42] (Table 4). Similar experiments revealed 3-5 logs
removal during the precipitation 1! or I-:1!1 used in the 1gG

process [35,42]. These data suggest that, in spite of variations

in the conditions (such as ethanol concentration and pH) used,
reproducible clearance of PrP™SE takes place. Removal is
achieved when the precipitate is separated, It has been specu-
lated that prion removal in precipitaies is possibly due fo
aggregation and is dependent upon pH and presence of alcohol
[35,55]. Other precipitation steps, using caprylic acid during
trmmunoglobulins production {56] or polyethylene glycol also
contribute to prion removal {42].

3.3.2.3. Depth filtration. Depth filters are made of a combina-

" tion of a matrix {generally based on cellulose), filter aids (dia-

tomeous earth, resins, or other adsorbents), and a drainage sys-
tem. They are used to clarify crude protein solutions and

" Extent of TSE agent removal during the cthanel plasma fractionation process in the manufacture of albumin and immunogiobulin G. Adapted from Refs. [41,43,62]

Step Fraction cvaluated Agent Spike Assays Reduction factor (logy)
Precipitation of fraction” | Supermnatant 263K BH WB 1.1 {41,43]
Precipitation of { + {I + [IT - 263K MF WB 1.3 [34]
Precipitation of I + If + I - 263K - MF WB >2.8"[42]
Precipitation of fraction If < [ - 263K BH WwB > 4.7 [41,43]

-~ - 263K BH Bioassay - 6.0 [41]

- - $¢237 BH/MF/CLD/PrPSc CD1 3.6/3.1/3.1/4.0 [34]
- - 263K BH WB >4.2/>4.1 [4143]
- - 263K BH Bioassay 3.7/4.6 [41]
Precipitation of fraction I+ biiad - 263_K MF wB >3.5 {42]
Precipitation of fraction iV°© - 263K MF WB =30 [35]

- - Se237 BH/MF/CLD/PrPSe CDI 3.2/3.413.2/2.2 [34]
- - 263K MF WB 23.7[35]

- - 263K MF WB =43 {42}

- - 263K BH wB > 4.3 [41,43}

- - 263K BH Bioassay 5.3 [41]

BH: brain homogcneate; MF: microsomal fraction; CLD: caveolac-like domain; WB: Westem-blot; CDi: conformation-dependent isnmunoassay.

* Evaluated together with filter aids to romove precipitates.
® Precipitaic discarded during the manufacture of IgG.
© Precipitate discarded during the manufaciuee of albumin,
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Table 5
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Extent of TSE agent removal during depth filtration of albumin and immunoglobulin G fractions. Adapted from Refs. [41,43,62]

Fraction Filter - Agent Spike Assays " Reduction factor (logyg)
Supernatan( I Seitz Supra P20 Sc237 BH/MF cDi —0.1/0.1 [34]
Supernatant HT Millipore AP20 BSE 30)V MF Bioassay 24 [37}

- Seitz KSR0P BSE 301V MF , Bioassay »3.1 (37

- Cuno Zetaplus 263K BH WB 233 [55]

: Supernatant IV Seitz Supra PRO Sc237 - CLD/PiPsc CDI 20.9/224 [34)
- Seitz AKSS (carbon) 263K MF WEB 2.7 {42
Fraction V (albunin} Cuno Delipid-1 ' 263K MF WB 23739]

- Seitz KSS0P 263K MF WB =49 35]
Fraction IT {(IgG} Seitz K200P 263K MF WB >2.8 [35]
- Ca;PO, +filter aid + Cuno 263K MF Bicassay 2.5 [42]

- Cuno 263K BH Bioassay =49 [571

BH: brin homogeneate; MF: microsomal fraction; CLD; caveolac-like domains; CDI: conformation-dependent immunoassay; WB: Westem-blot,

Table 6

Extent of TSE agent removal during nanofiltration of plasma-derived albumip, and 1gG. Adapted from Reds. [43,62]

End-product Nanofilter Agent Spike Assays Reduction factor
.. Albumin® Planova 35N o BH ) Bigassay =59 [53]

% Albumin® ) Planova 35N ME7 BH Bioassay 4.93 {36)
Albumin + detergent’ Planova 35N ME7 BH Bioassay 1.61 [36]
Albumin® Planova 15N ME7 BH ’ Bioassay >5.87 [36)
Albymin + detergent” Planova 15N ME7 BH Bioaszay =421 (36]

RhO (D} 1gG VIRESOLVE 180 263K Detergent treated, sonicated ~ 'WB >2.5 [63]

’ : and filtered BH '
15G DV50 263K BH Bioassay 4.4 {641
IeG : Planova 75N + 35N 263K MF Bioassay 3.2 [61]

BH: brain homogeneate; MF: microsomal fraction; WB: Westem-blot.

* Nanofiltration is not used during production of albumin preparations; a detergent 'was added for experimental purposes only,

" remove precipitates. As such they are an important adjunct to

the ethanal precipitation process. Principle of action- encom-
passes both removal of particulates larger than the pore-size by
size-exclusion, and of smaller elements by adsorption. During
immunoglobulin manufacture, the supematant of Fraction I
{Supernatant 11I) and the re-dissolved Fraction 1I precipitate,
and during production of albumin, the Supernatant IV and the
re-dissolved Fraction V, generally undergo depth filtration
steps. Experimental spiking experiments (Table 5) have
shown that several types and grades of depth filters can remove
prions [35,37,42]. Depending upon the type of depth filter or
the physico-chemical parameters of the suspension, PrP™>F
removal may be due to an aggregation in the presence of alco-
hol {35] or to hydrophobic adsorption on the filter aids [42].
The impact of protein composition and content remains to be
investigated and understood to demonstrate and guarantee the
robustness of this non-specific removal.

3.3.2.4. Nanofiltration. Table 6. shows experimental data on
the removal of TSE apents during nanofiltration of albumin
and IgGG. As for coagulation factors, high reduction factors
have been found. Prion partitioning is presumed to result
from a size-exclusion mechanism.

3.4. Cleaning and sanitization
Most equipment,. including stainless steel reactors, chroma-

tographic gels and columns, vlirafiliers are re-used and, there-
fore, must undergo steam (SIP) or chemical (CIP) sanitizing

procedures between production batches. These processes

‘should be validated to ensure proper bacterial, pyrogenic,
viral, and protein decontaminations. Experience gained .with
the sterilization of surgical instruments has shown that auio-
claving at 134 °C for 18 min ¢r 121 °C for 30 min reduced
the transmission of prien infectivity by a factor > 5 log;y [57,
58] but autoctaving without immersion is less effective {(4-4.5
log reduction) [58]. Standard chemical decontamination meth-
ods (NaOH | N, NaQCl 20,000 ppm) 2nd hydrogen peroxide
alone achieved a reduction of > 6.5 and 4.5 log, respectively
[58). By experiments involving a hamster scrapie strain 263K
BH model, it was shown that 0.1 M NaOH for 15 min, in the
absence of detergent, at 4 and 18 °C caused a reduction of 3.5
and 4.0 log,, of the prion protein, respectively. In the presence
of sarkosyl, a 60-min incubation in NaOH further enhanced
-PIPRES reduction to > or = 4.5 l0g,4, with no residual infectiv-
ity. Therefore 0.1 N NaOH couid also effectively inactivate
prions, and its efficacy can be enhanced by the addition of
sarkosyl [59]. A separate study shows that 6.1 M NaOH at
60 °C for 2 min and §.25 M NaQH at 30 °C for 60 min inacti-
vate 3.96 and 3.93 logj, of mouse-adapted scrapie strain ME7,
respectively, and 0.5 M NaOH at 30 °C for 60 or 75 min
inactivates > 4.23 and 4.15 log,, [60].

4. Conclusion

" There is so far no evidence of transmission of prions by
plasma derivatives. The prevalence of the disease in the popu-
lation is considered to be very low, although possibly not quite
as low as initially considered [5,6]. Based on experimental
models, it is believed that the infectivity in the plasma does
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not exceed a few infectious doses per ml. By lack of knowl-
edge of the nature of the agent associated to the infectivity in
plasma, and in the absence of validated screening tests, alter-
native precautionary measures have been introduced to prevent
the possibility of transmission of vCID by plasma derivatives.
Epidemiological surveillance of the population is in place in

‘countries where BSE and vCID cases have been identified. In

some countries, bicod donation deferral criteria include travel
or residence of donors in BSE countrics, and history of pre-
vious transfusion or tissue transplantation. Based on filtration
experiments of blood collected from scrapie-infected hamsters,
leucoreduction decreases by about 50% the prion infectivity in
plasma [22,27]. Extent of removal of TSE agents’ during the
plasma fractionation process appears to be substantial. Data
from various laboratories and using different experimental
models show several logs removal of TSE infectivity during
the fractionation process. The most effective, but non-

', specific, removal steps are ethanol precipitation, depth filtra-

tion, and ion-exchange chromatography. Nanofiltration was
also demonsirated fo remove several logs of TSE infectivity,
possibly based on a specific prion removal mechanism by
size-exclusion. Uncertainty on the validity of these experimen-
tal studies remains, and additional studijes are needed, since the
biochemical features of the infective agent in blood and plasma
is not known, nor the extent to which it may be present in
blood donations. Research should continue, aiming at identify-
ing the features of TSE agents in human plasma and at ensur-
ing the robustness of prion removal steps and sanitizing proce-
dures during plasma product manufacture.
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'~} Wha's Who -
o <http://wWW.news.com.aujsundayheraldsun[ng_ y/0,,21598166-2862,00 . htmi

-~ Awards

Citing ProMED-mail Australia: Novel virus responsible for deaths of organ donatioen recipi'
wnks  mmmmmesesoseceessocesscseceescessies oo '
N A virus unknown to medical science was behind the deaths of 3

bonations Victorians who received organs from the one donor. The unnamed bug
has been linked to Ebola virus, [a virus] responsible for the deaths
of thousands in central Africa since the 1970s. [This is an incorrect
statement. The organ transplant-asscciated virus is net related to
Ebola virus; see part {2] below. - Mod.CP]. After baffling local
scientists, experts from New York's Columbia University were called
in to help solve the mystery of the multiple transplant deaths heing
investigated by the corouner.

Initial investigations and tests had been unable to determine any
common link between the donor and the 3 recipients. The presence of
the virus in the recipients is thought to be a world first. One of
the New York team sajld: “The discovery of this virus is of natiomnal
and international significance.®

S The Sunday Herald Sun revealed the deaths in February 2007. A

s 63-year-old woman died after receiving a kidney transplant at Austin
(j ' Hospital. A 64-year-old man died after receiving a liver transplant
there. The 3rd victim received a kidney at Royval Melbourne Hospital.

- * fThe male donor whose organs carried the suspected killer bug had died
in Dandenong Hospital of a brain hemorrhage in December 2006 after
returninag from overseas; it is believed most of his trip was spent in
Burope.

The virus is part of the rodent-borae arenavirus family and can cause
"old-world" diseases such as Yellow Fever, Ebola and Lymphocytic
choriomeningitis. [This statement is incorrect: yellow fever is
caused by a flavivirus and Ebola hemorrhagic fever 1s caused by a
filovirus; only lymphocytic cheriomeningitis (LCH) is caused by an
old-world arenavirus. - Mod.CPl. Vigtoria's acting Chief Health
Officer, Dr John Carmnie, confirmed the.virus [LCM virus?] had been
detected in multiple samples from all 3 transplant patients. But
there was no evidence the virus represented a public health xisk, he
" said.
Health authorities are examining whether future donated organs can be
screened for [LCM?] virus. A spokesman for the Victoria Coroner's
office said families of the victims were told yesterday {21 Apr
20071 . There would be a formal inguest.

Experts from Columbia’'s Greene Infectious Piseases Laboratory helped
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solve the mystery. Initial investigations and tesis were unmable to
determine any common link between the donor and the 3 recipients, Dx
Carnie said the risk ro the public was minimal because *these viruses
[?2] affect 1mmuuocompromised people, and it is rarely fatal _in-" those
with normal jimmune systems. We have not had any indication of any '
unexplained illnessgs among families of the donor.or recipients,” he
said. *This would be the case if it was transmissible pkrson to
person, Qur supposition ig it was transmitted by organ
transplantation.®

Cutting edge techniques were used for the 1lst time by the Greene lah
«+- in collaboration with Victorian Infectious Diseases Reference
Laboratory -- to gene sequénce the virws. "Our gene technology
enables unbiased sequencing of all agents present," Columbia's Prof.
"Tan Lipkin said. "wWe found a handful (of combinations) that were
related to Lassa wvirus or LCM virus [both old world arenaviruses -
Mod.CP)]. Using these clues we can confidently say this is a new
virus, present in the original organs and so different than anything
seen befopre." '

Communicated by:
ProMED-mail Rapporteur Brent Barrett : .

Ak k ket k

12] X : e
Dates Sat 21 Apr 2007 é(i
Source: Mailman School of Public Health, Columbia University, press e

release {edited]
<http://www.prnewswire.com/cgi-bin/stories.pl?ACCY=1044&STORY=/wuw/stor

Scientists Discover New Virus Responsihle for Deaths of 3 Transplant
Recipients From Single Donor in Victoria, Australia

Knowledge of genetic seguence of wirus will enable improvements in
screening to enhance transplantation safety. Scientists in the Greene
‘Infectious Disease Laboratory of Columbia University Mailman School
of Public¢ Health and colleagues im the Victoria Infectious Diseases
Reference Laboratory in Melbourne, Australia and 454 Life Sciences
have discovered a new virus that was responsible for the deaths of 3
transplant recipients who received organs from a single donor in
Victoria, Australia.

The previously unknown wvirus, which is related to lymphocytic
choriomeningitis virus (LCMV), was found using rapid sequencing
technology established by 454 Life Sciences and bioinformatices
algorithms developed in the Greene Laboratory with support from the
National Institute of Allergy and Infectious Diseases. Known strains
of LCMV have been implicated in a small number of cases of disease
transmission by organ transplantation [see references below],
however, the newly discovered virus is sufficienmtly differemt that it
could not be detected using existing screening methods. ’

Over 30 000 organ transplants are performed in the U.S8. each year.
Knowledge of the genetic sequence of this virus will enable
improvements in screenlng that will enhance -the safety of
transplantation.

Tan Lipkin, ¥D, director of the Greene Laboratory and Prinmcipal
Investigator of the Wortheast Biodefense Center, emphasized the
importance of academic, public health, and industrial partnership in
this work. "This was a team effort. Drs. Mike Catton and Julian Druce
at the vVictorian Infectious Disease Reference lLaboratory reached out
to us after a comprehensive state-of-the-art investigation failed to
turn uwp leads," stated Dr. Lipkin. “We succeeded in identifying the
virus responsible for the deaths by building on their work and
utilizing new tools for pathogen surveillance and dlscovery developed
in the Greene Laboratory and 454 Life Sciences.

Communicated by: ProMED.-mail <(promedSpromedmail.org>

{Lymphocytic choriomeningitis virtu {(LCMV) is the type species of the
genus _Arenavirus_ of the _Areanviridae_ family of bipartitie genome
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RNR viruses. The reservoir hosts of almost all arenaviruses are
rodents. LCMV igs found in wild and laboratory mice, and other related
"o0ld world" arenaviruses are found in African species of rodents.
Human LCHV infection may occur in rural and urban areas with high
densities of rodents. Laboratory-acquired infectiansvoccur'
sporadically, and, previously, there have been a small number of
cases of LCMV transmission by orgam transplantation as mentioned by
Professor Lipkin above. The virus detected by Professor Lipkin's
group appears to be an LCHV-like agent but distinct from previously
isolated strains of LCMV. It is unresolved, however, whether these
organ-transplanted viruses are merely passengers or are responsible
also for tissuwe-rejection illness and death. - Mod.CP]

“[see also:
2005

LCMV, transplant recipients, fatal - USA {02) 20050526.1459%
LCMV,. transplant reecipients, fatal - USA 20050524.1426
1995

LCMV & birth defects - USA 19951119.1995)
........................ npp/cp/mEp/ln
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ProMED-mail makes every effort to verify the reports that
are posted, but the accuracy and completeness of the

information, and- of any statements or opinions based
thereon, are not guaranteed. The reader assumes all risks in
using information posteéd or archived by ProMED-mail. ISID

and 1its associated service providers shall not be held
responsible for errors or omissions or held liable for any
damages incurred as a result of use or reliance upon posted:’
or archived material.
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Visit ProMED-mail’s web site at <nttp.!;www.promedmal;.olg;).

- 8end all items for posting to: promed@promedmail.oxyg
{NOT to an individual moderator). If you do not give your
full name and affiliation, it may not be posted. Send
commands to subscribe/unsubscribe, get archives, help, !
etc. to: majordomoepromedmail .oryg. For assistance from a
human being send mail to: owner-promedépromedmail.org.
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