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' IN'I'RODUCHON

" viremia was defined as PCR positivi
. criteria. Of these, 89 patients recewed an HSCI‘ before January 2007, during the tirme when patients received

ABSTRACT ’

Hematopoiefic stemn cell transplantation (HSCT) rec:p:enrs are a high-risk, :mmunocompromlsed group of
patients who Teceive frequent transfusions after. transg:lantahon Transfusion of cytomegalovirus (CMV)-
negative blood products has long been the standar Of care to prevent transfusion-transmitted CMV in this

patient population. Leukoreduction -of bicod préa ts before transfusion -has been shown to significantly

reduce the risk of transfusion-transmitted CMV ln thi“era of universal leukoreduction in Canada, the need for
CMV testing of blood products rerhains uncle ' We sought to identify whether there is a difference in
transfusion-transmitted CMV viremia in pauenw receiving only leukoreduced. versus CMV-negativé and
leukoreduced blood preducts it HSCT recipients. Fatients who were.CMV negative and received an allogeneic
- HSCT frori a CMV-negative donor between Qctober 1,1999 and June 30, 2012 were included.in the analysis.
Transfusion data were collected from_;me Ott‘gwa Hospita! Blood Bank and Canadian Blood Services. CMV
. Ot d hundred sixty-six patients were u:lentxﬁed who met the inclusion

"leukoreduced ‘and CMV-negative blnod pgoducs Seventy—-seven patients received an HSCT after this time,
receiving only leukoreduced blood pmducts The 2 groups did not differ in terms of age, gender, diagnosis,
graft type, graft source, condmbngng regimen, or ABO compatibility (P > 05). CMV viremia was detected in 3
patients who receiveéd CMV- n’égatwe leukoreduced blood preducts (3. 37%)andin-1 patient who received only
leukoréduced blood produciﬁ (1.30%, P =.6244). OF the patients: who develuped MV vu'emla. 2 devéloped
suspected CMV disease, Both of these patients were transfused with CMV-negative blood: products Secondary
outcomes, including total f’ength of stay in hospital, admission to the intensive care unit, acuté and chronic
graft versus host diseas, arn:l IOD-da_v nenrelapse mortality, did not differ between the groups: In the era of

universal [eukoreductig of blood products, this study demunstrates that testing for CMV-negative blood

producis is not neecled"for [iSCI‘ recipients. )
. @ 2013 Amencan Society for Blood and Marmw Transplantannn '

adult populat:on ranges from 40% to 100% [71, w:th some

. JRE20131-035

Transfusion practlces over the years have drastically- .
changed to improve the quality and safety of products
transfused. One such change has been the 1mplementat10n of
_universal-Jeukocyte reduction of all tansfised red cell and
.« platelet products in:Canada be:gmmﬁg' in 1999, This was

implemented after leukoreductién wag’shown in studies to

‘decrease the incidence of febnle ndnhemolyttc transfusion

reactions by approximately. halfi from .33% to .37% in red

‘blocd cell (RBC) {1-3] transfualon and from .18% to-19% in
. platelet [1,4,5] transfusions: Furthermore mult:ple studies -

have shown that leukogyte reduction decreases the rate of

. alloimmune platelet refrattoritiess {5].

62

63

Cytomegalovirus (CMV)- transmission is a recognized
tomplication of blood transfisions. CMV is a DNA virus that,
after primary infection, remains in a [atent form. Sites of la-
tency are belleved to include Bone marrow progemtor cells
and monocytes. Prevalence of CMV antibodies-in the generat

Finencial disclosure: See Acknowledgments on page X.

* Correspondence and reprint requests: Dawn Sheppard, MD, FRCPC
Centre for Practice Changing Research, Box 704, 501 Smyth Road, The
Ottawa Hospital, Ottawa, Ontario, Canada KiH 8t6.

. E-miail address: dsheppard@toh on.cz (D. Sheppard).

- income birth' co .
Transfusion-transmitted oMV mfectwn in transfusion
-recipients who are imrnunocompetent is uncommon, re-

- studies showing a higher prevalencé among men, people

from a lower sociceconomic status, and at an. increasing age

- [8]. In Canada, the seroprevalence has been estimated at 560%
- to 70% [8]. One Canadian study showed that CMV seropre- -
‘valence .among . daycare waorlers “was’ associatéd with

increasing patlent age, interaction with chlldren. and low
ehery 9],

ported to. be about 1% [10). This incidence is thought to be
higher :in immunocompromised patients, including he-’

‘matopoietic stem cell transplantation (HSCT ) recipients [11).
. The most significant d1sease manifestations of CMV in HSCT

recipients are pneumonia and gastrointestinal disease, both
of which are associated with significant rmorbidity and
mortality in “these patients [9]. CMV preumonia in HSCT
recipients has been associated with mortality i in 85% to 90%
of these patients [12,13]. With pre-emptive treatment with

antivirals, this has become much less common [1415)

Efforts have been made. to decrease the risk of CMV
transmission via blood product transfusion in high-risk pa-
tients such as HSCT recipients. One landmark study ia the
1980s identified that the use of CMV—seronegatwe blood

1083-8791/% — see front matter ® 2013 American Soc;ety for Blood and Marcow Transplantation,
fattp:ffdx.doi.orgf10.1016f.bbme.2013.09.013
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products significantly reduced the absolute risk of CMV
infection by 21% in CMV-seronegative MSCT recipients when
compared with standard, non-leukoreduced blood product
use [16]. The standard of care since then has been to provide
CMV-seronegative blood products to HSCT recipients.

The introduction of universal leukoreduction of blood
products has resulted in a move away from this standard in
some transplarit centers. In Canada, currently the practice is
divided in that half of transplant centers continue to require
CMV-negative blood products. for allogeneu: HSCT recipients
(5. Couban, M. Seftel, R. Foley, D. Stewart, and J. Sepher,
personal communication by Internet survey through the
Canadian Blood and Marrow Transplant Group, June 2012).
There have been conflicting reports as to whether leukore-
duced blood products are as effective at preventing

. transfusion-transmitted CMV .as CMV-negative products

when transfusing high-risk patients. Bowden et al. [17]
demonstrated through .a randomized prospective study

~ that bedside filtration of leukocytes, an older, arguably less . .
effective, method of leukoreduction, was as effective as CMV-. i

seronegative blood_products in preventing transfusion-
transmitted CMV infection in HSCT recipients. In confrast, a

associated with a 32% increase in the odds of developing

transfusion-transmitted €MV [18]. In addition to leukor- ¢

eduction, PCR mohitoring for CMV and effective pre-emptive
therapy' with ganciclovir make it.more unclear if there
mains a need to provide CMV-negative blood products
HSCT recipients. We sought to identify whether theré is

"difference in transfusion-transmitted CMV viremia and dis-

ease in patients receiving only leukoreduced versys CMV
tested negative and leukoreduced .blood producrs m»I-ISC'I‘

METHODS

We performed an uncontrolled *befare—after” smdy us\‘ng prospectwely
collected institutional data. Patients included in the ann]ymswcn: serologic

" CMV-negative adults aged 18 years or older wh0‘ rccc}ve:d an allogeneic

Q1

‘HSCT from a CMV-niegative donor-at The Ottawa, I;{Dfplml HSET Program -

hetween Ocmbr_r‘l 1998 and June 30, 2012, Patien emngrnphlc-; included
age, gender, disease, graft type, graft soun:q fe atéd of ‘unrelsted match
status, degree of HLA maich, ABO bloed gmup cumpanb:hty and condi-

---tigfilhg regimen; All> patiéntsprovided consenl: { -collecflon-of FElevaGt -

health information for clinical research. Pita whie' hnalyzed in an anony-
mous fashion in accordance with approv al of ’l‘he Ottawa Hospital Research
Ethics Board.

Transfusion data were collected from. The, Ottawa Hospital Blood Bank.
CMV status of transfused unis was obtamed rom Canadian Blood Services.

As per Canadian Blood Services sl:andards. 1l RBC and platelet products

were [eukoreduced at :ollecttpn b:qug fomponent storage. The use of

. leukoreduced RBC and platelet pruducts i)eg.ln .t The Ortawa Hospital on

September 3, 1999 (P. Lesley, Canadun Blood Services, personal communi-
cation), As of January 1, 2007, 5 pcr ange in policy at The Ottawa Hospital;
patients receiving an_ allogeneic HSCT received standard leukoreduced
products that were not specifically tested for CMV. Hereafter throughout
this study, patiénts who received only leukoreduced blood products are
referred to as leukoreduced, whereas patdents wheo received leukoreduced
blood products that were tested to be CMV negative are referred to as CMV

* negative. All patients in this study received irradiated (25 Gy) blood

pmducts

Clinfcal Qutcomes

The primary outcome was CMV viremia, defined as PCR positivity,
evaluated in all patients who met the abave critecia, CMV testing was done
on.a weekly basis_ after neutrophil and platelet engraftment after trans-
plantation until immune suppression was discontinued. CMV testing was
performed using the Amplicor CMV monitoring assay (Roche Diagnostics,
Branchburg, Nf). This assay has been used at our center since 1998. Amplicar
Is an automated PCR assay using an enzyme immunoassay detection system.

The linear range of the assay is 400 to 100,000 copies per milliliter. The
sensitivity and specificity of this Amplicor assay has previously been
established as 96% and 98%, respectively [19). CMV disease was defined as
tissue biopsy—proven CMV or CMV seropositivity with signs and symptoms
known to be associated with CMV, namely retinitis, ependymlns hepatitis,
esophagitis, colitis, and pneumania [20].

Secondary outcames were total length of stay in hospltai admission to
‘the intensive care unit; time to neutrophil cngraf:ment. defined as a
neutrophil count > 5 x 10%L for at least 3 days: time to platelet engraft-
ment, defined as a platelet count > 50 x 10%/L with no platelst transfusions
for 3 days; incidence of grades Il to IV. acule graft-versus-host disease
{GVHD) at 100 days: inc'idcp_ce of cironic GVHD, reported for patiencs sur-

" viving at least 100 days; 100-day nonrelapse martality, defined as death in

the absence ufundc:_jlyir_:g disease within the first 100 days; RBC transfusion
requirements during the 30 days after the marrow infusion; and platelet

transfusion requirements during the 30 days after marrow infusion. GVHD

was graded using standard published criteria [21].

Statistical Ana!ys:s

" Baseline ¢haractefistics were descnbed using measures of central ten-
" dency andals fon where appropriate, For the camparison of proportiens,
chl—square or Fishier's exact test were performed. Times to engrafiment and
tra.nsfusmr; requlrcmems were analyzed using Student’s ~test. Continuous
vanables wefe analyzed using Wilcoxon rank rest. All statistical analyses

. Were camed out using SAS version 9.2 {5AS [nstitute, Cary, NC).

'RESUI.TS

¢ From October 1, 1999 to June 30, 2012, 166 patlents were

] lclerihﬁed who met-inclusion criteria. Eighty-nine patients

redelved an HSCT before January 1, 2007, -during the time
when patients received leukoreduced and CMV-negative

FI:':!omci products. Onie hundred percerit of patients in this
.. cohort received CMV-riegative bleod products alone,
- Seventy-seven .patients received an MSCT after ‘this time,

receiving only leukoreduced blood products.

The 2 groups did not differ in terms of age or gender ‘
. {Table 1), There were no significant differences in diagnoses, .
* graft ‘type,- graft source, conditioning regimen, or ABQ
- compatibility between the 2 groups {Table 1).

""There was no difference in the incidence of CMV viremia

" in those receiving CMV-negative versus leukoreduced blood

products. CMV viremia was detected in 3 patients who
received CMV-negative blood products (3.4; 95% confidence
interval, .3% to 9:1%) and in 1 patient who received only .
leukoreduced blood products (1.3; 95% confidence interval, .
7% o 9.5%; P = .62). Details of these 4 patients can be found
.-in Table 2. All 4, patients received .treatment with iv.: ganm-
clovir. Of the patients who developed CMV viremia, 2
develpped suspected CMV disease. Both of these patients
were transfused with CMV-negative bleed. products. One”™
developed CMV viremia and_ acute respiratory failure:
requiring intensive care unit adrr_ussmn. This patient was

concornitantly diagnosed with systemic Aspergillus fumigatus.

infection requiring antifungal therapy. The second. patient

also required admission to the intensive care unit for respi-'

ratory failure and was diagnosed with concornitant HHV-6
virernia. Both patients died of respiratory failure,.
The mean length of stay for patients receiving CMV-

. negative versus leukoreduced only blood products was 41.5
and 46.8 days, respectively (P = .47). The proportion of pa-.

tients who went to the intensive care unit was also not
different in the 2 cohorts (P = .10). Time to neutrophil and

- platelet engraftment was not different between the 2 groups

{Table 3, Figures i and 2). The incidences of overall {any
grade) and severe (grades Il to 1V) acute GVHD were not
different in the 2 groups (P = .39 and .13, respectively). The
incidence of chronic GVHD was 22.5% in patients receiving
CMV tested negative blood products versus 23.4% in patients

receiving only leukoreduced blood products (P =.52). Overall -
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Table 1
" Patient Characteristics
CMV Negative (n = 89) Leukoreduced (n = 77} ‘ P
n n . %
Gender (X female) ) 27 30 T390 24
Age (mean 4 SD) : 39.5:+134 43.5 %155 .07
Diagnaosis .
AlL . : 12 13.0 .18
AML 19 351 ’
ML . . Lo 14 2.6
Hodgkin lymphema . B 6.5
Non-Hodgkin lymphama 14 11.7
MDS/MPN . g 13.0
L . 7 104
Plasma cell d:sorders ‘ 2 286
Other* ) 6 5.2
Graft type ~ .
PBSC . 53 688 )
BM - B : - 36 312 - :
Graft source - ’ N :
Allo HLA match ; : . 48 390 S 19
Allo-HLA match vnrelated o ... 3B 54,6
. Allo HLA mismatched ) ‘ 7 65
Conditioning regimen - : - .
Myeloablative . . 70 688 . ' 21
Nonmyeloablative .. . . 19 312 . B
" ABO misrnatch -44 50.7 ° 88
30-Day transl'us:an needs (mean 4 5Dy umrs) ‘ )
SDP . . - 9.6+ 11.8 88+ T08. - I C |
© RDP , : : 3341580 ! Sx26 ) 01
RBC - . ' . 90:0:105 Y T2477. L.23

ALL indicates acute lymphoblasuc leukemta; AML, acute’ myeloid leukcmla..

CML{ chronic myelogenous leukemiay' MDS, , myelodysplastic syndmrne MPN,
myeloproliferative neoplasm; CLL. ‘thronic Iymphocync Ieukemla PB§C. penptferal bloud stem u:lls. BM, 'hom: marrow; SDI. single-donor plm:ler.s RDP,
_ random donor platelets, . -

+ “Other” includes hcmoglob:nopathy. mhentcd dlsorders af metaballsm. afid nonhematolngu: mahgnar:mes

leukoreduced blood products was 22. 5% ancl_.-
tively (P = 24)

At 30 days, the numbt:r of packed RBC traﬁsfusmns and

- singlé donor platelet tnits was not differ i Pr. .23 and .43, .
_respectively). There weére, however, mipre!
~ random donor- p!atelets to-patients rccelvmg= CMV-negative - .
. blood products versus those recennng Iéukoreduced -only

ansfus:ons of

transfus:ons (mean- 3.3 ‘versus . umts respectively;
= .01). Of the patients who réceive & [Bukoreduced-only

blood products data were avallable on thé CMV status of ~

CMV—negatwe RBC units transqued was 6.4 + 4.4, CMV-.
positive RBC unifs was 19 ‘:‘I:sl4 CMV-negative platelet |
units was 3.7 £ 2.8, and CMV—pos:twe platelet units was -

4.1 £ 3.0: Patient D withi ¢MV vifemia (Table 2) who received
leukoreduced-only blood Pisditcts received 4 RBC units that
were CMV negative, 2 RBC units that were CMV positive, 3

. units of plateléts that were CMV negative, and 11 units of

platelets that were CMV-positive within 30 days after HSCT.

'

DISCUSSION

Transfusmn—transmltted CMV can be a potennal[y fatal -

consequenice for HSCT recipients: Since the 1980s, CMV-
seronegative, transfumon products have been used i in these
patxents to decrease CMV viremia and disease. it is unclear if
this i5:still required i in the era of universal leukoréduction of
blood products in Canada. Qur study demonstrated no dit-

- férence in CMV viremia or disease in patients recewmg CMV-.
‘-negatwe leukoreduced . VErsus - Teukoreduced-only blood -
‘products, This study suggests that in the age of universal
. leukoreduction in Canada, routine tésting of bivod products .

for CMV may not be warranted for HSCT recipients.
" Our data are in accordance with reported results from

- other institutions. In a small study of 23 CMV-negative HSCT

recipients from a CMV-niegative donor, nong of the patents
developed anti-CMV antibodies after being transfused with

. CMV untested blood products, indicating that the risk of

transfusion-transmitted CMV is close to zere with leukor-
eduction [22].- These data should be cautiously mterpreted

however, because antibody formation in patients receiving

an HSCT may be impaired due to immunosuppression.
Although our incidence of CMV virernia was low with leu-

kreduction.only (1.3%), the risk was still not zero. Although

Table 2
CMV-Positive Patients L
Patient  HSCT Date  Transfusions Time to CMV Detection*  Method of CMVY Detection  CMV Disease . Quicome
A Jan 2000 CMV negative 61 Blood - PCR Pneumonitis  Respiratory fRifure, died day 190
B Nov 2002  CMV negative 31 BAL - PCR Pneumonitis - Respiratory failure, died day 35
C Jul 2006 | CMV negative 49 ‘Blood - PCR. Na CMV negative after 3 wi of treatment
D Jun 2007 Lealkcreduced 32 Blood - PCR © No CMV negative after 6 wk of treatment

BAL indicates bronchoalveolar lavage. )
* Time to CMV detection reported in days after HSCT,
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Table 3
Clinical Qutcomes
CMV Negative (n = 89) - Levkoreduced (n = 77 : P

Total LOS, d (mean & SD) 41,5 4 200 46.8 £ 32.0 . 47
Patients who went to ICU, n (¥) 15 (16.9} 21(27.3) - .10
Days to peutrophil engraftment* (mean + SD) 18.0 £ 59 193 x£ 55 85
Days to platelet engraftment* (mean & SD) 325 £53.7 272229 80
100-Day nonrelapse moctality, n (%) 13 {14.6) 5(11.7) 65
Acute GVHD [overall), n (%) 37 (41.6) " 27(35.1) -39
Acute GVHD (severe) n (%) 9{10.1} 14(18.2) . 13
Chronic GVHD, n {%) | 20 (22.5) 5

' LOS indicates length of stay; ICU, intensive care unit '
+ Absclute neutrophil count ».5 x 10%L for at least 3 days; platelel's >50 x 10%L with no plate[ct u'ansfhsmns for at least 3 days.

. therefore, we assume the transmission to be through trans-

it is possible thatpatients can develop CMV through means
other than transfusion, these possibilities are less likely;

* fusion, Seronegative donors still have the potential to pass

-window period after infection [23]. CMV testing in ‘this- -

MV DNA to the transfusion recipient, especially in the

circumstance will not. recognize the donor as CMV positive
because the antlbody testing (which is standard practice for
testing. CMV in blood donors) will remain negative. This

-window period is believed to be days to weeks but has been -

. explanation for the development of CMV viremia, albejt ata .

+ letkoreduced blood products -at the Umver51ty of |

reported to be as long as months. [24], This provides an

low incidence, even in patients receiving CMV- neganve
blood products. The inability of CMV serologic’ tésting, to
detect window. period donaticiis provides further ratior ’
for using standard leukoreduced blood products,, 5
gimilar to our study, CMV viremia'in patients-recegjving:
IChlgan
was not different in patients receiving CMV-neganve“-':rrers
CMV-untested transfusions [25]). inthis study. | ho
patxents in the CMV-negatwe cohort received-a %&f CMV—

risgative “and CMV-untested ‘bivod” pmducts,u kkng “the,

results difficult to mterpret. Int our; study, 100 o] pattents in

.the CMV-negative cohort recewed CMVE e atiVe blogd
" products, ° - g Vi

" unclear. Two pat:ents whit were givEit el

web 4C/FPO

Althougli transfusmn transmttted i

this- study, ‘the mortality related to CMVE dlsease remained
-negatwe anid

/e, JTIOS l:'

%&present in .

18 (234 . 52

!eukoreduced blood products developed presumed CMV
disease based 011 ,CMV viremia and pulmonary symptoms
thought td'be _tglated to CMV prneumonitis. In both cases,
however Cl ncomltantlnfectmns (A. fumigatus in 1 and HHV-
ihe. het) may have contributed to the moriality
obser\{?ed in these patients, CMV disease was not observed in
oui' co‘hort of patients receiving CMV—untested leukoreduced
b[ood—ptoducts after 2007.

DeSplte the small number of patients in thts study, the

e results have impértant clinical xmphcanons In a transplant

cerfter that has. performed 491 allogeneic HSCTs during the

dcmor and © recipienit’ pairs. The transfusion-transmitted

f;M\.I m:ldence was very low in pati¢nts receiving leukore-
% duced - CMV-negatwe (3.4%) and -untested (1.3%) blood

products, with no, sigriificant difference in nonrelapse mor-
tality at 100-days after HSCT. In'a moderately sized transplant
Center, the clinical impact of CMV testing was .therefore
-negligible in the era of universal leukoreduction. If we esti-

mate; the: mcnder:ce of CMV. virémia-to be 3% with CMv- .
untested biocd products as. observed in thls study, a very', -

Targe sample size " would He' needed I 2 randomized pro-
spectivée trial to show a clinically relevant risk reduction;
Withan already low incidence,of CMV viremia, this would be
lmprachcal and unhkeiy to change cl1mcal practu:e }
Theére are limitations to our study that warrant attention,
predoininantly. assomated with our retrospective design. We
attempted t¢ minimize seléction bnas by mciudmg all

Survival | .
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= GV negative _ |

Log Rank Test:
. Pevalue = Q.16 )

T T
o 10 20
Hatrisk
' Levkoredueed 77 7 31
TMV negative 89 87 35
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Time [days)
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Figure 1. Neutrophil engraltment by transfusion group.
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duration of GVHD treéatment were not captured. This coulgd’
. itnpact the risk of CMV viremia because patients receiving: .
- immunésuppressive reatment for GVHD would beat hlgﬁer
risk of CMV disease. Third, trends in transplantatlon pra&tlce
“may have influenced our results. General supporuve- care-
measures: did - -not change during the study’ permd 'I‘he )
df‘ttu:f an® o
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consecutive patieﬁts with CMV—negéﬁve patient—donor
HSCTs. at The Ottawa Hospital. Second, although our study

provndes acute jmd chronic, GVHD tates, the :types_and.;

pracnce of universal prophylax15 with acyclovn' an
tivirals, used for the treatment ‘of CMV were, unchanged
throughout the study pericd, as was the polxcx
resolution HLA testing. Althoiigh no; s:gmﬁcan; diffefence

in baselme characteristics was' identified; a hxgherﬁroportlon S

- of patients w:th ‘chroni¢ myelogenous leukeq,na received

. CMV-negatwe leukoreduced ‘blood prodtié’ff,s [JS 7% versus-.
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Figure 2, Platelet engraftment [)"S?':Egag.’st_q‘fusion group,

Y ’The rnedxan age was non51gmﬁcant1y hlgher in the CMV-
negatlve leukocyte rediced -cohort, as’ was the use-of pe-

“tipfieral blood as a ‘stern cell source. Fircthermore, random
" donor- platelets were more commenly used in the earlier

;.cohort of patients recewmg leukoreduced CMV-negative

""blood products.- This likely reflects a change.in-practice’
rather than- a significant-difference in the patient pop-
ulations. Single-donor apheresis platelets have always been..
preferred to random donor platelets in HSCT recipients and’

. have-become more available in recent years. Our transplant
center has also. moved toward a more conservative threshold -

for platelet transﬁxsno;'ls. These factors together contr;butgd
to the observation that patients receiving leukoreduced-only

blood * products received fewer random platelet, donor .

transfusions.. Despite these limitations, to our knowledge,
_this is the largest study to compare allogeneic HSCT re--

cipients recelvmgCMV—negauve versus CMV—untested blood.
* products ‘in- the'-era of‘gmversal ‘leukoreduction. A large- -
- randomized control trial would be impractical and would not
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— CMV-negative _‘
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Figure 3. Overall survival by transfusion group,
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| Cytomegalovirus (CMV) 'Seroprevalencé' in _Iapailese blood donor'sj
“and high detection frequency of CMV DNA in elderly donors

. Yasumi Furui," Masahiro Satake,? Ydji Hoshi,? Shigeharu Uchida,? Ko Sdzﬁkiﬁ and
Kenji Tadokoro™?

‘ ‘ . — |~ uman cytomegalovirus (CMV Human her--
BACKGROUND: The current prevalence of cylomega- Y - pesvirus 5) ub;qmtously infects’ humans and-
lovirus (CMV) in Japan and the risk of CMV transfusion persists In a latent formi for ]ong permds ft.
transmission are unknown in the era of seronegatwe can -.cause asymptomauc infection in -the

leukoreduced blood components, . o general p0pulat10n or a mononucleosis-like syndrome or

' STUDY DESIGN AND METHODS: We measured CMV- - transient hepatitis in some hiealthy individuals. However,
specifle tmmunoglobulm (Ig)M and IgG in 2400 samples |” " it can -cause serious ‘morbidity. and mgrtality in -

* of whole blood collected from 12 groups of blood . " |- unmunocompronused hosts, and congenital or pennatal
‘donors categorized by sex and age at f0year intervals CMV infection causés developmental abnormalities in
from their teens to their 60s. We also tested for CMV niewborns. Morbidity can arise.due to either primary’ *

- DNA using polymerase chain’ reactlon in the celllar -~ . i'nfecﬁbn or CMV teactivation. The transfusion of blood
 fractions of all samples. . : contaminated: with CMV .could be‘a source of primary .-
RESULTS:'We found thal 76.6% of b'°°d donors were " . infection in seronegative patients. Thus, CMV-safe blood ..~

cMv seroposmve The seroprevalences among donors - - components are typically required for transfusing sero- :
_in their 20s and 30s were 58.3 and 73.3%, respecuvely s " .negative_patiénts who. will- undergo. MAITOW Or, Organ
We detected CMV DNA in.the cellufar fraction of 4.3% R -transPIantatmn, pat:ents Wlﬂ’f lmmunodeﬁcxency syn-
“of samples’ from dondfs in théir 60s and in1.0% of . | 7 drome, or premature infants. Blood facilities have irpls-
samples from'donors younger'than 60 years. None of "+ 'mented - ‘serologic. screening of - donated blood for, .

|- the.562 seronégative samples was' DNA positive. Fur- - | CMV-specific immunoglobulin (Ig)G to-mitigate the inci-
. themore, 14% of DNA-positive samples. also contained . dence .of transfl.lsmn-transmmed CMV infection (TT-
'DNA in the plasma fraction, and two of five such” e 'CMV) in such patients. This is conducted umversally orin.

| - samples were derived from donors in-thelr 60s: " |+ responseto réqiiests froni"physncxans and has Iargely pre-  *

e Leukoreduced plasina componenls derived from dona- . . vented TT-CMV infection.! 1L _

“"ﬁbn‘s with' CMV“DN'A' i plagmaTsariples aISO eortaied - T T Telikoreduction us.l.ng © white blood ce].l (W'BC) ﬁlters- i
.. a relevant amount of CMV DNA. , " has been widely implemented in blood facilities to help

CONCLUSION: The seroprevalence of CMV among - . - reduce the side effects of residual WBCs in blood compo- - :
* Japanese blood donors of child-bearing age has not . ~ nents such as’ febn]e reactions or alloxmrmumzatlon
changed over the’ past 15 years Latent CMV becomes . | aga.mst W'BC antlgen Leukoreductmn under good

_reactivated more frequently among elderly denors than

-among younger donors. A propomon of them have free-_ i - .

CMV DNA'in their plasma fraction, which could not be . | - ABBREVIATION: T'l‘- = transfusion-transmitted:
| diniinished by leukoreduction. The risk of transfusion-  cytomegalovirus infection: e

" fransmiited CMV infection in blood with plasma CMV
DNA should be determmed }
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manufacturing practices could also abrogate the trans-
mission of WBC-associated virus such as CMV, Epstein-
Barr virus, or human T cell leukemia virus. Thus,
leukoreduced blood components have been advocated as
-an alternative to transfusion for patients at risk for CMV

when seronegative blood is unavailable, although whether,

leukoreduced blood is-as safe as seronegative blood in
terms of TT-CMV risk remains a matter of debate.*®

_ Breakthrough cases have been attributed to transfu-
sion with CMV-seronegative, but CMV DNA~positive
bldod that might have been donated during a window
period; namely, the preseroconversion viremic phase of
—acute infection.® This could justify using leukoreduced
blood to avoid transfusion with blood. obtained during

window periods that serologic screening. could miss? -

Thus, seronegative leukoreduced blood components are
 currently regarded as the safest’ strategy to prevent

" TT-CMV. However, Ziemann and colleagues® recently,
reported that up to 2.9% of plasma derived from donors |

during the window period contains CMV DNA. Because
leukofiltration might not efficiently remove free CMV from
-the plasma fraction, this would pose another TT-CMV

risk that could not be dvercome by combmlng the two

strategies.

We' screened blood samples (n=2400) donated '

equally by male and fernale volunteers of all age categories’
using serologic assays . and nucleic acid amplification
. testing (NAT) to assess the risk.of CMV transmission in

-, Japan, particularly through transfusion with leukoreduced
and seronegative blood components. We established a’

. national prevalénce and demographic trend for CMV

" infection over a range of dofior ages and found no biocod. -
- samples that were both viremic and seronegative. We alsc

found that the frequency of CMV DNA paositivity was

‘higherin samples from elderly thanvfrom younger donors.

MATERIALS AND IVIETHODS

Blood samples

We sequentially selected whole blood sa.mples at the
Japanese Red Cross Tokyo Blood Center in, Novernber

2010, where whole blood and blood samples were col- -

lected from five prefectures around the greater Tokyo met-

ropolitan area. The samples were allocated to 12 groups

according to donor sex and age at 10-year intervals from
the 20s to the 60s and from age 16 to 19 years. Each of

the 12 categories comprised 200 blood samiples. Whole -

blood collected into tubes containing ethylenediaminete-
traacetic acid was separated by centrifugation, during
which the separation media rose to the interface between
" the plasma and the cellular fraction and formed a hard gel.

We could thus keep them frozen until use without the two

fractions becoming mixed. The plasma fraction was ana-
lyzed by CMV serology and CMV NAT. After removing the

temaining plasma and interface gel, the top portion of the

TT-CMV WITH LEUKOREDUCED BLOQOD

cellular fraction was suspended in the same volume of
phosphate-buffered saline for DNA extraction.

£

CMV serology assays .
We tested CMV-specific 1gG and IgM antibodies using

. autornated microparticle enzyme immunoassays (ElAs)
and an immunochemical automated analyzer (AxSYM
CMV-G and CMV-M, Abbott Laboratories, Abboit Japan,
Tokyo, Japan).

DNA extraction !

We extracted DNA from the cellular fractmn of blood
samples using the automnated DNA purification kits
(QIAsymphony SP and QlAsymphony DNA Midi kits,
Qiagen, Tokyo, Japan) according to the protocol provided
by the manufacturer {DNA Blood 1000). The input and
output sample volumes were 1200 and 200 pl., respec-
tively. Plasma DNA was likewise extracted from samples’
that were positive for DNA in the cellular fraction using a
© virus and bacteria detection kit (QLAsymphony Midi kit,
‘Qiagen) with its accompanying protocol (Virus Cellfree
1000). The input.and output sample volumes-were 1.0 mL
and 60 pL, respectwely ‘

:

. CMV NAT ..

' We detected CMV DNA - -using TaqMan PCR and -an
- sequence detection system (ABI PRISM?SOOHT Apphed ’
Biosystems, Tokyo, Japan) and artus CMV T™ PCR kits

_ [Qiagen) atcordmg to the manufacturer’s instructions,

We also prepared an inhouse 'I‘aqMan PCRto detect -

CMV DNA. This system amplifies a 58-bp fragment of the
ULS83 gene that encodes phosphorylated 65-kDa proteins
".(pp65). The forwa.rd and reverse primers yvere 5'-TGCC
ATACGCCTTCCAATTC-3' and §'-TGGCTACGGTTCAG
GGTCA-3', respectively. The TagMan piobe, 5'-CGGT

- AGATGTCGTTGGC-3", was labeled with ‘a reporter dye

- (6-carboxyfluorescein, FAM) at the 5' end and a minor -
groove binder at the 3' end. The amplification reagent was
-supplied with a probie PCR kit (QuantiTect, Qiagen). Each

reaction mixture comprised 30 uL of master mixand 2000 -

of extracted DNA (equivalent to 120 puL of orlgmal

! sample) The thermocycling protocol comprised 50°C for

2 minutes and 95°C for 10 minutes, followed by 40 cycles -
_of 95°C for 15 seconds and 60°C for 60 seconds. The
nucleic acid concentration was calculated by measuring

the absorbance of the extracted DNA at 260 nm,

A validation study for PCR sensitivity included

- NATtrol NATCMV-0004 (ZeptoMetrix, Buffalo, NY) as the
external reference CMV for both PCR analyses. The refer-
‘ence solution was serially diluted in 5% bovine serum

albumin {BSA) and portioned into small tubes for PCR
analysis over a period of 4 days. We tested CMV concen-
.trations five times daily for each PCR procedure, for a total

Volume 53, October 2013 TRANSFUSION 2191

11



FURUI ET AL.

100 -
80

% .
80
40

.20

6., 2 ° 8 40 500 60
Apge (years) - ‘

: Fxg 1. Age dxstnbution of CMV -specific Ig6 prevalences in (g1}
‘men and (ll) women. :

bf 20 replicates at each concentration. We then calculated

the 95 and 50% limits of detection for each PCR using -
probit- analysts Correlation study between the reference

solution and: ﬁrstWorld Health Organization internationial .
- standard (NIBSC 09/162) revealed that 32.3 genome

_equivalents/mL (geq/mL) was equivalent to 1IU/mL.
Samples in which the PCR results were ambiguous were
. further analyzed using nested PCR targeting the UL139
‘. sequence as descmbed.byBradley and. colleagues? with the

' .modlﬁcatxon for DNA polymera.se (KAPA ‘DNA. poly- '

'i Inerase, Nlppon Genettcs. Tokyo, Iapan)

To adjust the : amount of CMV DNA for the numb erof -

- WBCs in the sample, we esttmated the number of Exon 5

' sequences, of CD81 in specimens using real-time PCR..
- CD81 was chpsen as a marker of WBCs asitis present with

two haploids 'in ‘a cell. Amounts of CMV DNA are

- was. 40 geq/mL before adjustment for WBC numbers.

: Statrstlcal analys:s :
Data were analyzed usmg computer software (SSRI, Excei

Statistics, Version 8, Social Survey Research Information,

Tokyo, Japan; for Windows, Microsoft Excel 2007, Tokyo,
Japan). Stgmﬁcance was determined using the chi-square
test and tiést. p values of less than 0.05 were conSLdered
51gn1ﬁcant

RESULTS

We mmally examined the prevalence of anti- CMV among
Japanese biood donors. Figure 1-shows the prevalence of
specific IgG among the age categories. The prevalence
exceeded 50% even in male and female teenagers and
steadily increased over time to reach nearly 100% in their

2192 TRANSFUSION Volume 53, Oclober 2013

ibed as geq per 6. 0% 105’ WBCs (gquPBL unit) inthis
The lowest limit of quanutatwe CMV DNA detection

60s. Although not significant, the prevalence tended to be .
higher in females than in males aged from the 20s to the
40s. The increase in the prevalence was the highest
betwéen the 20s and 30s (15%; combined for both sexes)
and gradually decreased with age to 5.8% between the 50s
and 60s. The mean prevalence in the six age categories was
76.3%. The overall CMV prevalence adjusted for an
-assumed population with the age distribution of Japanese -
blood donors (Japanese Red Cross data, 2010) was 76.6%. .
The IgM prevalence was higher among fernales than
males between the ages of 16 and 39 years (p <0.05,
‘Table 1). Seven donors were IgM positive and IgG nega—
twe, and four of them were teenagers.

We next examined the presence of CMV DNA in the

~ cellular fraction of 2400 whole blood, sa.mples.Ava.l_tdatton- ]
study showed that the 95 and 50% limits of CMV DNA

“detection for artus CMV TM PCR were 41.6 and 5.3 geq/

mL, respecttvely, and those for the in-house PCR were 29.6 - ¢

and 5.4 geq/mL, respectt_vely (Table 2). Only samples that
were -positive for at least two PCR. analyses including

. nested PCR targeting the UL139 sequence wefe defined as

CMV DNA positive. We identified 37 samples that were
positive fox CMV DNA in the cellular fraction (Table 3).
Four other samples were positive for only one PCR analy--

' sis and were -defined-.as DNA indeterminate; ‘Table 4

shows the relationship between DNA"positivity and the .-
serostatus of the specific antibody. We found DNA positiv-

~ ity in six (6:6%) of 91'saxmples that were both IgM andIgG™ . -
. positive and in 31 (1.8%) of 1740 thatwere only IgG posi- .
" ‘tive. Although the sa.mples that were positive only for [gM

-did not contain ariy that were DNA:positive, the frequency: - -
of DNA positivity was mgmﬁcantly higher in six (6.12%) of .
98 samples-that were' [gM posmve with or without IgG :

. than in'those that were positive only for IgG (p < 0 ).03).

"Viral load was significantly higher in CMV DNA-positive

...samples. that. were both. IgM and IgG.posifive (mean,. ... -

670 geq/PBL unit), than in those that were only IgG posi-

. tive {170 geq/PBL unit, p <0.03, t test). Notably, none . of .

the 562 samples that were both IgM and IgG negatwe was -
also DNA positive.
Table 5 compares the distribution of 37 DNA—posmve
“samples with age categories.. The frequency of DNA posi-

tivity was significantly higher (17/400, 4:3%) arhong-
" donors in their 60s than in any other age category (0.8%-

1.3%, p < 0.03) from the teens to the 505 or the combined
age category (1.0%, p < 0.03) from 16 to 58 years. The
range of viral load in the 37 DNA-positive samples was
between less than 40 and 3.4 x 10° geq/PBL unit (mean, ..
250 geq/PBL unit; median, 80 geq/PBL urit). The differ-

. encein viralload in the samples between donors aged less-

than 60 years (tnean, 310 geq/PBL unit) and those in their -

~ 60s (mean, 170 geq/PBL unit] was not significant. The

presence of DNA in the plasma fraction was further inves-
tigated in these 37 samples, Five (13.5%) of them were
plasma DNA positive with a viral load between less than

12
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‘TABLE 1. Prevalence of CMV-specific IgM among blood donors*

the 1.5% rate of increase described
above. Fowever, care must be taken in

Male Female Total comparing the present results with
Age (years)  Positivity Percent Positivity Percent  Positivity Percent those of the German study because our
16-19 6“ gg :g 4 gg ;g 5‘1‘; ' g-g results were generated from a cross-
20-29 51 . . ! . . .
30-39 5(1) 25t 13 6.5t 18 (1) 45 sec'tfonal study V\t'hereas the Gerrflan
40-49 8 4.0 10 . 5.0 8 45 findings were obtained through longitu-
50-29 5(1) gg g : 1: 12 n g-g dinal follow-up of seronegative donors.
60-69 -8 ' : 1 : ARy :
Total 35 (3) 25 63 (4) 513 98 (7) 41 Although insignificant, the prevalence

(16-19, 20-29, and 30-39 years); chi-square test (p < 0.05).

. * Nurnbers of donors positive only for specific tgM are shown in parentheses.
1 lgM prevalence significantly higher among femalé donors than among male donors

L

in females tended to increase sooner
than in males, a finding that is consis-
.tent with the higher prevalence of spe-

40 and 5.8 x 10° geq/mL (miedian, 170 geq/mL). These five ~

were scattered across age categories with two being in.

their 60s. One sample obtained from a teenaged donor
was IgM and IgG positive and the other four were positive

cific IgM ‘in younger females than in

younger males. '3 ‘
We.detected CMV DNA in the cellular fraction of 1,7%

* (41/2400) of.all, or 2.2% (41/1831) of the seropositive, -

. samples with of without specific IgM. This frequency was

only for IgG. We identified two more samples from donors' -

in their 605 that were DINA - posmve with only one PCR

_analysis,

. We. interdicted th:ee components of fresh-frozen

. plasma that had CMV DNA in the plasma fraction. All

of them were derived from. whole . blood that was
leukoreduced before storage. We also detected CMV DNA
in all three plasma components. One component donated

by the {gM- and IgG-positive teenaged male donor con-_ -’
_ tained 9.7 x 10° geq/mL CMV DNA and the other two -
_components that were positive only for IgG from donors

in their 60s contained 1.9 x 10% and 1.6 X 10* geq/mL CMV
DNA.- . L _

DISCUSSION

comparable to those reported by Greenlee and col-

leagues® and Roback and colleagues:® We found cMV
.DNA more frequently in samples that were [gM positive

. than.in those that were only IgG positive (6.12% vs. 2.0%,

p <0.03), indicating that active CMV replication occurs
more frequently during acute primary infection’ that is"

often accompanied by IgM positivity. None of the samples -

from the group of seven donors that was posmve only for
IgM was CMV DNA positive. This is reasonable ‘because

. Ziemann and coworkers"” detected CMV.DNA onlyin 10%

of 148 primary serocoriverted blood donors. At that rate -
we would be unable to identify a single DNA-positive indi-

" ..vidualin out study population. The same authors showed

We investigdted the preva]ence of CMV among Iapanese :
blood doners categorized by sex and age at 10-year inter-. .

vals,’ The more than 50% prevalence of CMV infection

: among individuals aged between 16 and 19 years is - in
contrast with the approximately 30%!!: prevalence in other.

developed countries. The increase in the prevaience (15%)
between. donors aged in their 205 and 30s implies that
young adults become infected with CMV at a rate of 1.5%
per annum. This is similar to the annual rate of 1.69%

- observed between 1994 and 1999, implying that the risk
" of CMV infection among females of child- -bearing age that -

is dlrectly related to symptomatic fetal CMV infection has
not changed over the past 15 years. The reason for the
sustained high prevalence in Japan is unclear, but pro-
longed breast-feeding and communal child care practices

that CMV DNA levels peak during the late phase of
primary infection i newly seropositive donors.® Although
whether a-rationale exists for introducing screening for
specific IgM in addition to-IgG remains to be deter-
mined,'® the chemiluminescence tests for CMV ciurently
applied by the Japanese Red Cross detect only IgG..

" Although we have discussed serdprevalence and its rela-

'tionship with the presence of DNA by interpreting IgM

. positivity as representing primary infection, reactivity for

in Japan probably influenced the rates in vounger donors. -

The prevalence in Japan has become almost maximal after

the age of 60 years, which contrasts with the continuous.

lifelong primary infection found in other developed coun-
tries.!! The CMV seroconversion rate (1.33%}" among

" 'German blood donors aged 30 to 35 years is close to

CMV-specific IgM measured by ElAs miust be considered -
with caution. Several articles have reported frequent non-
specific reactions'®® and suggest including Western blot
analyses or IgG avidity assays to ensure reactivity. Because
of the small plasma volume of most of the donor samples,

. we were unable to apply these analyses. Thus, the above

findings and our interpretations based on categories by
IgM positivity mlght be inconclusive and requlre further
investigation.

We found no DNA—posmv_e samples among 562 that
were seronegative, suggesting that the likelihood of donat-
ing DNA-positive blood during the window period” is very
low in Japan. This finding is similar to that described by’
Roback and coworkers,'® who found no CMV DNA positiv-
ity among 514 healthy, seronegative blogd donors,
However, these findings do not allow underestimation of
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' TABLE 2, Determinaticn of sensitivity of two PCR systems by replicate testing and probit analysis
. Ref* . . 95% LOD 50% LOD
PCR {geg/mL) D1 D2 . D3 D4 Total (geq/ml) (geq/mL)
Aitus CMV Kl 145 15 115 T 4120 41.6 R
5 ’ . 5/5 . 35 2/5 ' 55 - 15/20
10 5/5 - 5/5 - 45 4/5 1820
_ 50 OBG 556 55 SIS 2020 -
In house {UL83) 1 /s 1/5 . 05 1/5 2120 29.6 5.4
' .5 5/5 _asl 5/5 4f5’ 17/20 ) :
10 ' -] 5/5 a5 5/5 19/20
50 §i5 . 5/5 85 - 5/5 20/20 -
* NATtrol as CMV reference was diluted in 5% BSA RS . L :
artys = artus GMV TM PCR kits (Qlagen) D =day; in house (ULBS) in-house PCR targeting CMV L83 sequence; LOD = limit of detection.

" TABLE 3. CMV. DNA—posltlve samples and
PCR procedures

peripheral “immunoclogic space,” which caﬁses‘ a progres-
sive decline in the geheration of naive T cells that protect ’
.against new pathogens. In addition, a considerable

- POEt pesulls - _ i‘;’:‘n':ﬁ;:f . portion. of the accumnulated memory T cells were specific
- 23.25 » - ] Loy R '.. . .
. | U8 postive and arius positve — — for CMV, ’ T}.ms, CcMV mfecpon is ;:.ops‘ldered a dm.rmg_
|. UL83 repeatedly positive . L . 2 _force or risk biomarker for the constitution of a skewed -
3’{1_133 repeatedly ‘EOJE?:?S- " - T ; peripheral T-cell repertoire. Despite conflicting results -
positive an positive : . X i
grtus. positive and L1139 positive v by and ideas about epidemiology and 1mmunolog1c mecha- .
Indeterminate® i . o - .4 . Disms, the clinical impact of the CMV mfectmn on de-
_ _.h_leig?ﬂve. , ‘ gigga ' Awduals who are not 1mmunocompromlsed has rémained
otal ) E

* Posilive i in only one PCR analysts ) .
artus = artus CMV TM PCR kits (Qiagen); UL1 39 PCR larget-
ing CMV UL139 sequence; UL83
ULBs sequence

the risk of TT-CMV caused by '-tr‘a.nsfusion-. with window '
period-derivéd blood components because wé did not -

focus on blood -samples. obtained at.the.time.of. aciite

primary infection when CMV replication is most likely to . -
. "be.active. In.fact, Ziemann.and_colleagues!-found-that-....

two (2.9%) samples were DNA positivé among 68 plasma
samiples obtained from final seronegative donations
during the course of seroconversion, Co].lecuvely; -a risk of
TT-CMYV related to window period donation'exists.but the
* frequency seems very low. .

The. &equency of detectmg CMV DNA was 4.3%
among donors in their 60s, compared. wn:h 1.0%. (0.8%-
1.3%) in the population aged from 16 to 59 years. Consid-
ering that the specific IgG prevalence has already peaked
by age 60 years in Japan, the notion that the DNA-positive
individuals in their 60s were nonimmune to CMV and
emitted CMV virions during the course of primary CMV .
infection is -inconceivable. Latent CMV: more likely
becarne reactivated in those elderly individuals. The reac-
tivation of CMV in elderly persons is thought to represent

“immunosenescence”. caused by chronic CMV infee-
tion.*'?? The current concept .of immunosenescence in
relation to CMV infection is that terminally differentidted
memory T cells accumulate with ageing in the limited

2194 TRANSFUSION Volume 53, October 2013

m—house PCR fargeting CMV .

* acentral question.”Whether or not all persons with CMV

infection acquire skewed. T-cell phenotypes with ‘aging,

the kinds ef socioeconomic or physical factors that facili- .
tate: tms PIOCESS; and when this process staris 0" coimipio- "

mise ‘the immune- system_should be.-addressed. We -

established . statistical evidence of CMV reactivation -

occurring in the peripheral bleod of voluntary blood

‘donors in their 60s. Viral load did not significantly differ . -

between donors in their 60s and those agéd léss than 60

. years. Blood donors in Japan are supposedly healthy indi-- - R
“viduals who hive all been qualified by questionnaires
.and.consultation. with- physu:.lansuQurLresulmutherefere‘ A p—

suggest that CMV reactivation is a constitutional event in
CMV.carriers and starts to occur during the sixth decade of
life, dlthough the possibility remains that.donors positive -

for CMV DNA recently might have had specific illnesses or o

“behaviors that are related to.CMV reactivation. The find- "
ings of animal experiments suggest that lytic viral reacti-
vation is' necessary to establish’ the peripheral T-cell
repertoire skewed for- CMV* Stowe and colleagues®

- detected CMV in 57% of urine samples from: elderly indi-
* viduals (66 to 83 years) but in none of those frem younger -

individuals (25 te 55 years). This would also suggest that .
" CMV reactivation occurs more frequently among elderly,
than younger, individuals, although they did not detect
CMV in any blood samples from both groups. However,
this might have resulted from the small sample size-
studied (11 elderly individuals compared with 400 aged
260 years in this study). The rather clear cutoff of the reac-
tivation frequency between the 50s and 60s is reminiscent
of a Swedish study® showing increased 10-year mortality
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TABLE 4. Association between CMV serostatus and CMV DNA positivity

Number of Viral load Mean/median
Serology status samples " DNA# n Ratio (%) Range (geq/PBL unit )
IgM-AlgG- 562 0 0
1gM+1gG- 7 o o ]
IgM+/1gGi+- 91 6 &.&" 670/m21

- . <40-3400
IgM—/IgG+ 1740 3 ].5‘ . 170/80F
’ <40-920

Total 2400 a7 1.5

" DNA positivity ratio significantly higher in IgM+ than in |

gM-/IgG+ samples {6 [6.1%] of 98 vs. 31 [1. 8"/] of 174Q); chi-squaré test

(p < 0.03).

DNA+ = DNA positive.

t Viral load in IgM+/IgG+ samples srgnmcanlly h[gher than that in IgM-1gG+ samples. t test (p <0, 03)

TABLE 5. Age distribution of CMV DNA positivity
in cellular and plasma fractlons

. . Cellular-fraction
Age (years) - DNA

Plasma ‘fraction,

.Ratio (%) - ' DNA+
16-18 C 4 1.0 Sy
Zo29 - 5 1.3 1
3039 C5(1) 13 - 0
40-49 32 0.8 0
50-59 - 3 0.8 : 1 .
16-59 total 20 (5) 1.0 3(1)
50-69 C7 Q) 4.3 of
Total 37(6) 1.5 . -5

-* Numbeys of donors specifically positive for bolh IgM- and IgG
are 'shiown in parentheses. .
T In addition to these two samples, two others from donors in
their §0s were positive for one PCR analysls
DNA+ DNA positive. .

rates among md.mduals with immune risk profiles at the ‘

age of 65 years but not at the age of 55 years.
. We identified five (13.5%) samiples that were positive
- for CMV DNA in the plasma fraction of 37 blood samples
‘that contained CMV DNA in the cellular fraction. This
result is comparable to the. repori’ by Zlemann and
cowprkers® in which 44% of blood samples from 82
recently seroconverted donors were CMV DNA positive ia
the plasma fraction. Drew and colleagues® also reported
that three of 384 samples obtained from 192 serocon-
verted blood donors contained low plasma levels of CMV

- DNA. We quantified CMV DNA levels in three plasma .

. products derived from donations that had CMV DNA in
.plasma samples. The DNA levels (1.9 > 102 to 9.7 x 10°

.geq/mL) were  comparable to those meastred in .

- the plasma samples. Because all blood -components
mcludlng apheresis-derived’ plasma components are

!eukoreduced in Japan, this ﬁndmg indicated that leuko-

filtration cannot reduce levels of free CMV DNA in the
plasma fraction.

The identification of blood donations with plasma
fractions containirig CMV DNA raises concerns about the

safety of blood components. The residual risk of TT-CMV.

under the current blood program that applies both

- seroscreening and universal leukoreduction could be
focused ‘on blood with plasma viremiia that is provided
during the window period because plasma vireinia might
not be appropnately managed by leukofiltration. This
leads to ‘the notion’ of ‘Ziemann and. colleagues“ that |

- leukoreduced .components would be safer when obtained
from .. seropositive  donors - least -1year after
seroconversion. This is also based on. the finding that -
plasma viremia has barely been detectablé among donors

- who remain seropositive for more than 1 year. However,
-our study showed that a proportion of latently infected
individuals presents with free: CMV DNA in plasma frac- |
tions. Free CMV DNA in plasma could not be effectively

. diminished by prestorage leukoreduction, which was veri- -

~ fied by assays of leukoreduced: plasma products. There-

fore, the strategy suggested by Ziemann and colleagues,' '
while eliminating window period-telated risk, might gen-
erate another risk associated with blood contdining free
plasma CMV DNA that is provided mairly by “elderly
- donors. Although we identified only two sainples from.
. donors in‘their 60s that were plasma DNA, positive, ane of
-thern related to a plasma ‘product containing 1.6 x 10°
geq/mL CMV DNA, a viral load that was comparable to
that for window period donafion provided by the teenager
(9.7 x 10* géq/mL}; Moreover, we found two other samples
with possible plasma DNA ‘among donors in their 60s,
although. they were DNA positive only for a single PCR
analysis, suggesting low DNA concentrations, Whereas we
found that whole blood' CMV DNA positivity among
donors in their 60s was 4.3%, that identified i in an elderly
_ US population with a mean age of 84.5 years.was 42.3%.2
Thus, since'the frequency of whole blood CMV increases
dramatically after 60 years, we can speculate that the fre-
quency of plasma CMV also increases with age. In this
context, serious problems could arise in countries that
accept donors over 70 years of age. if seropositive-dona-
tions are accepted for transfusion into patients at risk.
Although leukoreduced blood compenents have.been
advocated as an alternative when seronegative blood is
not available, they might carry a higher risk of TT-CMV
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than seronegative blood,-which might partly explain =~ = REFERENCES
higher TT-CMV frequency among patients transfused with
leukoteduced blood compared with seronegative blood.?*
Further study- is required to compare possible
TT-CMV risks between persistently seropositive blood
that might contain free CMV virions due to reactivation
and seronegative blood that might incidentally contain
such virions due to window period donation. Ziemann
and coworkers concluded from a recent extensive study of,
more than 22,000 samples that TT-CMV risk is essentially
comparable between window period donations among
_seronegative donors and donations with reactivation
among long-term seropositive donors.* Before assessing
the TE-CMV risk in Japan, the degree to which window
period donation constitutes the blood donor population
will need to be determined. Other basic issues also need to
be resolved. Because we used techniques involving DNA
amplification but not -viral .culture: for plasma study,
whether CMV DNA identified in plasma with this tech-
nique constitutes replication-competent virions remains -
unknown.*** Whether plasma products containing free
CMYV virions i infectious through blood transfusion also
nieeds to be resolved."***Whether blood components con-’
. taining CMV virions possibly derived from reagtivation in
. latently infected blood donors are as infectious as those:.
derived from donations provided during acute pnmary
" .infection also requires investigation. The cliriical re-
. evance of CMV neutralizing antibody that can be-found in
latently infected individuals. also: must -be - considered.-
Finally, the minimal irfectious dose of CMV virions
acquired through blood transfusion should ‘be deter—
- mined for each type of blood component: ‘.
In conclusion, :the seroprevalence. of MV among a’
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TRANSFUSION COMPLICATIONS

JBPO 2013-021

The 1mpact of donor cytomegalowrus DNA on transfusion
strategles for at~rlsk patlents

Malte Ziemann, David Juhl, Siegfried Gorg, and-Holger Hennig

BACKGROUND: Cytomegalovirus (CMV) DNA Is fre-

- quently detected in plasma of newly seroposifive .
donors Selechon of leukoreduced blood products frorn
donors with remote CMV infection coul_d avoid T
transfusion-transmitted CMV infections (TT-CMV) due

‘to orrrnénly infected donors. However, there are no data

* about the prevalence of reactivatiens in long-term
seropositive’ donors compared to the incidence of
“window penod donations in seronegahve donors. - -
Theréfore, the oplimal transfusion strategy for at-nsk
patrents is unc!ear

- | sTUDY DESIGN AND METHODS: Whole blood .

'samples from 22, S04 donations were tested for CMV

"|" DNA, and GMV. DNA-positive donations were catego-

_ fized as donations from 1) seronegative-donors, 2)
newly seroposllwre donors, and-3) long-term seroposi—
tive -donors.

'RESULTS: Twenty-one donors-were reproduclbly CMV-
DNA-positive (0.09%). Frequency of detection and con--

centration of CMV DNA in whole blood were compa-

. rable for seronegative and Iong-term seropositive
-donors. Nonreproduolbly positive results for CMV DNA

~in whole bledd were more frequent in long-term sero-
positive donors (0.16% vs. 0.01%, p;<0.01). Only low

* concentrations of CMV ONA in plasma were' detectable
"In-two 'seronéga'hve' donors artd one fong-tenm seroposi-

" tive donor: Highest concentrations of CMV DNA in botH.

“whole blood and plasma, however, were found 1n newly

.| seropositive donors.
‘_ .CONCLUSION: Prevalences of wrndow period dona-
_.t_lons among seronegative donors and reactivations -
‘| - among lorig-term ‘seropositive donors, as well as the
‘ CMV DNA concentration in whole blood and plasma
samp!es from these donors, are comparable Therefore
. bload products.from both groups could be used for.
patients at risk for TT-CMV, while those of newly sero-
positive donors seem to bear an increased risk.

20

n immuiocompetent subjects, cytomegalovirus
“(CMV) "usually causes asymptomatic or mild
| miononucleosis-like infections leading to lifelong
laténcy with possible réactivations.! Besides the

usual transmission by direct person-to person contact '

bload transfusions are an additional source of infection in
risk groups like low-birthweight newb_oms or: patients
receiving’al[ogenic stem cell transplants; in whom CMV
contributes to increased morbidity and mortality.
Transfusion-transmitted CMV infections (TT-CMV} have

-traditionally been explained by transmission of latently

infected white blood cells (WBCs).* Thé risk of TT-CMV
can be reduced by approximately 92% by WBC reduction
of blood components, but even after implementation of

I leukoreductmn, “breakthrough” infections persist ‘with
© ratesas high as 1% to 3% of transfused l'ugh -risk patientsS

. This residual risk could be due to residual WBCs
desp1te leukoreduction or to not-cell-associated CMV'

~ found duiring primary CMV infections and reactivations of

latent infections.®” Donors w1th latent CMV inféctions or
duririg the late phase of primary CMV infections can be
recognized by detection of CMV antibodies. Donations -
from those donors can-be-avoided by selection of-serone-
gative- blood products for patients at risk for TT-CMVZ On

the other hand, selection of seroriegative blood products’

incréases the propottion of donations from donors with

" primary CMV infection before development of CMV-~
" specific antibodies (window period donations). The selec-

tion of blood pi‘odur:_ts from lateritly infected donors (eg.,

ABBREVIATIONS: gB= glycoprotem B;

" TT-CMV = transfusion:transmitted cytomeéa.lowrus infections.
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donors who have been seropositive for at least 1 year) has
been proposed as alternative transfusion strategy for
at-risk patients.? A further alternative might be provision
of blood products tested negative for CMV DNA, even if

the currently available nucleic acid testing (NAT) assays’

require testing ‘of single or only few pooled plasma
samples to reach sufficient sensitivity. '

To determine which transfusion strategy is associated
with the lowest risk of TT-CMYV, the incidence and inten-

sity of viremia, or detection of CMV DNA as surrogate .

variable, must be compared for seronegative and long-
term seropositive donors. As'both window period dona-
‘tions and reactivations of latent CMV infections are rare

- events, large numbers of donors must be studied. Ideally,
. not only free CMV in plasma, but even cell-associated
CMV is measured to account for possible transmissiori of-

CMV infections by residual WBCs. To our knowledge, no

study exarmnmg whole blood samples from a significant

number -of donors has been. performed. . Therefore, we

conducted this study examining whole blood  samiples’
from 22 904 consecutwe donauons for CMV DNA.

MATE',RIAES AND METHODS \

" Donors . - . .
. Alldonorsfromthe donation site Lubeck ofthe ]‘.nstltute of
Transfusion Medicine at . the' Umversn:y Hospital of

" Schlleswig-Holstein betwéen March 9 and October 26,

* . 2011, whio donated on a Monday, Tuesday, orWednésday,
were’ ‘included: in - the study. After inclusion of 22,265
donors-on October 26, only the first 94 donors on each

second Tuesddy were included until March- 8, 2012.
Between March 8, 2011, .and March 8, 2012, a total of
28, 112 donations were included in the study.

“Pre}i‘arattnn of bilgad” prodLicts :
Red blood cell (RBC) - units were produced from whole- .

blood ‘donations and leukoreduced by in-line- filtration
with a. lenkoreduction filter (Asahi’ Sepacell Pu:e RC,
Fenwal; Inc., Lake Zurich, IL). Pooled platelet (PLT). con-
cenirates were produced by the buffy coat methoed and
leukoreduced: by in-line filtration with a leukoreduction
filter (Asahi PLXS Fenwal, Inc). Fresh-frozen plasma

-~ (FFP) was produced without ﬁltrati‘ori from whole blood

" donations after separation of the buffy coat. Apheresis

PLTs were produced as leukoreduced PLT concentrates

" . without filtration by apheresis {(Amicus, Fenwal, Inc or

Trima Accel Terumo BCT, Lakewood, CO).

Detection of CMV DNA
DNA from 200-fil, aliquots of whole blood samples was

_ isolated within 18 hours after sampling using a total DNA

isolation kit (ZR-36 Quick-gDNA, Zymo Research, Irvine,
CA). An aliquot of 20 pL of DNA, corresponding to 80 pL of

2184 TRANSFUSION Volume 53, October 2013

cMY DNA* .
CMY DNA . . Probability
| standard (IU/mL .  Number of Observed  of positive .
“whole blood) valid samplest - responses  results {34)
31,600 _ 24 ‘24 160
10,000 24 24 . - 100
3,160 : 24 24 .100
1,000 o 24 24 100
316 24 . 23, 99.6
00 22 17 51.0
31.6 . 24 4 21.3
10 . 24 . 2 148 .
32 ‘ .24 3 128 -
1 . 24 T 2 12.2

~ TABLE 1, Limit of detecttoﬁ and probability
- of positive PCR resuits for serial dilutions of

* The probit analysis resulted in a 95% Bimit of detechon of.
235 IU CMV DNA/mL whole blood. .
t Negatwe samples with invalid internal control were excluded,

whole blood was tested for CMV glycoprotem B (gB)—

" specific sequences usmg a highly sensitive 'I’aqMan poly-

- merase chain reaction (PCR) as described elsewhere.’
* . Samples with invalid internal conitrol or positive results

were retested twice. The presence of CMV DNA wis-con-
firmed by reptoducibly positiye'PCR results. For all donors

* with at least one positive result. for CMV DNA in whole
blood, 1-mL plasma samples were also tested for CMV-
"DNA withra'95%-detection limit-of 12 TH-EMWmE:®

-To determine the 95%. detectmn lirnit for CMV. DNA.In’

'_‘whole blooc{ samples, semilogarithmic dilutions of the-
First WHO International Standard for Human CMV.for -

Nitcleic Acid: Amplification - Techniques (NIBSC -code
09/162, National Institute .for Biological Standards .and

‘Control, Potters Bar, UK) containing-between 10*% and

10° IU/mL CMV strain AD169 were investigated. Twenty-

... four. sample_g,p,f,‘eachﬂcp_ncenn'atlon were processed in
. three consecitive TagMan PCR runs, The 95% detection

limit was"calculated by means of probit analysis to be
235 IU/mL whole blood (confidence interval, 154-511. I/
mL, Table 1). This lirnit of detection corresponds to a CMV

DNA content of leukoreduiced blood products of less than - -

120 IUfproduct, ifit is assurned that-all DNA. is-contained

.~ InWBCs, blood donors have WBC counts of at least 2 x 10°" -

WBCs/L, and the maxiraum WEC content of leukoreducéd

* blood.products. is approximately 1% WBCs/unit.

Quantification of CMV DNA-pesitive samples was
carried out by a standard curve derived from these valida- -

" tion expenments aswellas measurements of eight. sarmples

with 10% IU/mlL. As CMV .DNA concentrations below

+ 300 IU/mL whole blood or 30 IU/mL plasma could not be

quantitated reliably for single samples, those values were
‘used only for statistical evaluation. The CMVDINA concen-
tration for 208 of 23,112 samples (0.9%) could notbe evalu-
ated, because there were no valid PCR runs and the sample
volume was too low for additional. measurements.
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Detection of CMV antibodies

Antibodies against CMV were tested in all prewously'

. seronegative or untested donors by a generic chemilwmi-
" nescént microparticle enzyme immunoassay against
. AD169-coated microparticles {Architect Anti-CMV IgG
assay, Abbott GmbH & Co..KG, Wiesbaden, Germany).
For CMV DNA-positive samples, additionally the recom-
Blot CMV Western blot (Mikrogen Gmbi, Neuried,
- Germany) was performed. The Western blot contained

* the recombinant antigens CM2 and IE] (sumlar to the

.nonstructure. proteins p52 and IEL “immediate- -early

- ! .protein”), p65 and p150 (similar to the tegument proteins
pp65 and ppls50), and gBl and gB2 (resembhng the
membrane glycoprotein gB). Band intensity was catego-

' rized into “very weak,” “weak,” “well visibly,” and “very

strong - mtenmty" accnrdmg to .the manufacturer’s

mstructmns

Classification of CMV DNA—positive donors

" Addifional follow-up samples and/or plasma.samples .

"obtained at previous donations and stored at below —30°C

" were analyzed:to classify CMV DNA—posmve donors irito ©

the followmg categones

S Donors within the- window perxod of primary CMV "~
- infection: MV DNA—posmve donors with anegative -

result of the generic GMV antibody test for the DNA-

- ‘positive.sample and detecnon of CMV antlbodms in

‘follow-up samples. )
2.- Donors in the eazly seroposmve phase of pnmary
- CMV mfectlon CMV DNA—posmve donors with a

positive tesult of the generic CMV antibody test for.

the DNA-positive sample and negdtive results’ for

'CMV antibodies in prevmus samples (primarily

seroposmve donors).
3. - Donors with presumed latent CMV infection: CMV

DNA—posxtwe donots -with posmve results of the )
generic CMV antibody test for the DNA-pomtwe .
sample and for a sample drawn at least 1 year -

before.

"Twelve donors were excluded from this comparison: .

Two were seronegative donors, in whom neither CMV
~antibodies nor. CMV DNA were detected in follow-up
samples drawn on Days 127-and 232 and on Days 35 and
54, respectively, after the CMV DNA-positive sample. One
of these donors had only one positive: PCR result for CMV

- DNA in whole blood; the other showed two positive and '

two negative PCR results for CMV DNA in wholé blood.

Both donors tested negative for CMV DNA in plasma The

other '10 .excluded donors were seropositivé donors
- without earlier samples to- distinguish between presum-
ably latent and primary infection. Two of these donors
were CMV DNA positive in plasma.

22

DONOR CMV DNA AND TRANSFUSION STRATEGIES

Estimation of the maximum CMV DNA content in
leukoreduced blood products
The CMV DNA concentration in whole blood ‘due to

- infected WBCs-was estimated as:

(CMV DNA. concentration jn whole blood) - (CMV
DNA concentration in plasma) x (} — hematocrit).
Assuming the donors’ WBC count to be atleast 2 x 16° -

WBCsIL, the maximum CMV DNA content of leukore-

duced blood products was calculated by the formula
(CMV DNA concentration in whole blood due to
infected WBCs)/(2 x 10° WBCs/mL) x (maximum content
of WBCs per unit).
To determine the maximum concentration of residual
WBCs in leukoreduced blood products, data from the

mandatory quality assessment analysis were used: 497

RBC units, 378 FFP umts, 79 buffy coat-denved peoled
PLT concentrates, and 97 PLT apheresis concentrates were
randomly selected from the routine production during the

-study period and tested for residual WBCs by flow-cytom-

etry (DNA-Prep Coulter REF 6607055, Beckman Coulter, :

Krefeld, Germany). ‘
The maxinoum CMV DNA content of blood products

" due to DNA in plasma was calculated assuming a plasma

content of 18 mL for RBCs, 300 mL for plasma units, and -
between 60 and 300 mL for PLT concentrates’ (depending
on whether PLTs are stored in plasma or in storage
solution).

_ Statistical analysis

Unless statéd otherwise, means are -calculated as arith-

- metic ‘means * standard deviation ($D). Calculatioris

were assisted by database and statistical programs (Excel,
chrosoft Corp., Redmond WA;. SPSS Inc., Chlcago, I0).

" Differences between groups were examired usmg the
chl-square test for categoncal data. - o S

'RES_U_LTS

» Detectlon of CMV DNA

Twenty—one of 22,904 donors were reproducr.bly CMV
DNA positive (0. 09%) High concentrations of CMV DNA
of at least 1000 IU/mL whole blood or 100 IU/ml. plasma
were reached in four primarily seropositive donors (0. 02%

. of all doriors). CMV DNA concentrations in both serone- )

gative donors or long-term. seropositive donors were

" below these . limits. While latently infected doniors

accounted for the majonty of CMV DNA-positive whole °
blood samples, CMV DNA irt plasma was mostly detected
in primarily seropositive donors. Detailed results accord- -

" ing to the donors’ stage of CMV mfectlon are shown'in .
- Table 2 and Fig. 1.

) Antlboduas agamst gB were detectable inthree of nine
pnma.nly_ seropositive donors. Plasma samples of these
three donors were negative or only weak positive (fess
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Fig. 1. CMV DNA concentrations in whol¢ blood and plasma
samples according to the donors' stage of CMV infection. CMV a
DNA conceritrations in whole blood and plasma samples are |
givcn for donors in the window period of their primary CMV
mfccuon, primarily seropositive donors in the early seroposx—
tive phase of primary.CMV infections, and long-term sero-

pasitive donors with presumed Tatent inféction. The boxes
represent the 25th and 75th percentiles with t_h_e mednan_ DNA

concentration marked by a thin line. Error bars correspond to
the Sth and 95th- percennles As there were only four CMV

DNA=positive wmdow penod, donations, o error bars can, be;

calculated for this g_roup. thle blood; (O0) plasma,

than 30 IU/mL) for CMV DNA: The only long-term scfo-
positive donor with evidence of CMV DNA in plasma»

- showed weak CMV antibodies (59 arbltrary units per mL,
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onIy weak against p150 and gB1, but.not against gB2}).

- Estlmatlon of the max1mum CMV DRA’ content in T i

leukoreduced blood products .

The median ‘concentration of Are'sidual ‘WBCs was .
0.01 x.10% or less for all tested kinds of blood products. The -
maximum amount of residual WBCs in leukoréduced
RBCs was 0.15 x 10° per unit, in FFP 0.08 x 10° per wait, in

-buffy coat—derived pooled PLT concentrates 0.05 b 10° per
. unit, and in PLT a.pherems concentrates 1.4 x 10° per unit.
* The rate of CMV' DNA—positive donations according to

different transfusion strategies and the maximum. CMV .
DNA content in leukoreduced bIood products are shown
in Table 3. Whole blood samplés from seronegative donors

were less frequently CMV DNA-positive than samples o
from unselected donors, long-term seropositive donors,
or plasma NAT-negative donors {p <-0.01). This effect was

- caused by a lower proportion of donors with asingle posi-

tive PCR result only, while the frequency of donors with
reproducibly positive PCR results was not 51gn1ﬁcantly
dlﬁt'erent
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‘TABLE 3. Impact of transtusion strategies on the risk of TT-CMV
Long-term Plasma
o Unselected., Seronegative seropositive NAT-negative*
Transfusion strategy {in addition to leukoreduction) donors donors donors donors
Donations available for at-risk patients 22,904 13,236 ' . 7,303 Approx. 22,7001
CMV DNA in whole blood . ' )
CMV DNA positive 21 (0.09%) 5 (0.04%) 6 (0.08%). . 10 (0.04%)
Only a single positive PCR result 22 (0.10%} 1 {0.01%} 12 (0.16%) 18 {0.08%)
" Maximum CMV DNA concentrahon, 1U/mL 4,000 . 600 . BOO 800 -
CMV DNA in plasma ' . :
CMV DNA positive 12 (0 05%) 2 (0.02%}) 1{0.01%) 0§
Only a single positive PCR resull 0 0 . 4]
Maximum CMV DNA concentration, IUlmL 700 70 <30 - <i2.
Maximum CMV DNA content in leukoreduced blood producls .
Maximum CMV DNA content due to infected WECs, lUlumt : . ' - ’
RBC writs . . 300" <. 80, 6D . 6o
Plasma units 200 " 80 ‘ 30 ' a0
PLT units (filtered buffy coat) 00 - . 20 . . 20 - 20
PLY units (apheresis) 3,000~ . 400 . 600 600
Maximum CMV DNA content due.to DNA in plasma. IUIunllII ‘ : . . .
RBG units v 10,000 1,000 ~ <600 <200
. Plasma units - 200,000 - 20,000 - <8,000 <4,000
PLT units 40, 000-200 000 4,000-20,000 <2,000-<8,000  <700-<4, 000
* Limit of detection 12 IU!mL plasma
| T Estimated, because not all donauons were lesled for CMV DNA in plasma.
+ p <0.01 versus alt other strategues p=0:001 versus unselected donors
§ p=0.001 versus unselected donors.
il Assuming a plasma oonlent of PLT units of between 60 and 300 mLIumt and 18 mL plasma per RBC unit.

DlSCUSSION

Facaxmnmg 22,904 blood donations over a penod of1year,
CMV DNA was detected more frequently in long-term
seropositive donois compared to seronegatwe donors. If -
enly douattons with reproducibly positive results for CMV

- DNA in whole blood were considered, however, the differ- .

-ence-between seronegative ‘and Iong—term seroposmve
- donors was not significant.- .

Usually,” nonreproducibly posmve PCR results are
considered to be false positive. Of course, there might be
false-posmve results in the current’ study as well. The
" ambiguous results for CMV DNA in whole blood sanples .

from two seronegative donors, whose follow-up samples
- all tested negative for both CMV DNA and CMV antibod- -
“jes, for examplé, are likely to be caused by false-positive
- PCR results. The significant difference in the rate of non-
reproducibly positive PCR results according to the donors’

" serostatus, however, cannot be explained by false-positive
results, as all samnples were prbcessecl in order of donation‘_ )

irrespective of the donors” serostatus. .
Another- explanation, for nonreproducibly. pomttve

'PCR results is a DNA concentration well below the Hrit of

detection of the applied PCR. This is illustrated by the
decreasing rate of positive results for serial dilutions used
to calculate the limit of detection (see Table 1). As latentIy
infected monocytes are supposed to.confain two to 13
genome equivalents of CMV per cell,*'® nonreproducibly-
positive PCR results might even be caused by single
' latently infected cells from seropositive donors. Only one

24

: long-term seropositive donor was;positive for CMV DNA

in plasina, suggestl.ng a- réactivation’ of a latent CMV .

mfectton .
‘Peak CMV DNA cancentranns in window period

. donations and donations from long-term seropositive
. donors * were below 1000IU/mL whole blood or
/100 IU/mL plasma. As shown earlier for plasma samples, -

makxirun concentrations for CMV DNA were reached in
newly- seropositive- donors in -the.late- phase-of their
primary CMV infection.® Also viable CMV in body fluids
was detected approximately 2 weeks after the first sero-
positive sample in a study of CMV-vaccinated and nonva- . .
ccinated subjects by Zhang and colleagues.!! This delayed

- peak has been explained by the hypothesis that primary
CMV infections caused- by diréct person-to-person

contact first lead to a localized lytic infection cycle, for.
example, in the nasopharyngeal mucosa, initiating pro- .
duction of antibodies against nonstructure and tegument |

proteins.® After an interval of days to several weeks, this

local infection is followed by viremia during which the
virus spreads to other organs, like the kidnéys: Conéur-

rently, antibodies agamst glycoproteins of the viral enve-

lope, like gB, are induced, which probably confribute to -
termination of the viremic phase 3'I'he duration of viremia
in immunocompetent subjects seems to be short in most
subjects, but even cases with prolonged viremia up to’
several months have been reported.'? -

If no CMV- specific testing is conducted {e.g., as-rec- .

- ommended by the German guidelines) and all donations

are used for at-risk patients, significantly more donations

Volume 53, October 2013 '.IFANSFUS]ON - 2187
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are CMV DNA positive (0.19%'instead of 0.05%, p < 0.01),
“‘and approximately sevenfold maximum CMV DNA-

concentrations are reached compared to blood products )
frorn seronegative donors. Rven leukoreduced blood

products might contain up to 3000 IU CMV DNA per unit
due to residual WBCs and up to 200,000 [Ufunit due to
free CMV in plasmd.

In unselected leukoreduced blood produicts and unlts

.. from’ seronegative donors, more than 90% of the CMV
" DNA content is caused by CMV DNA in plasma. On the

other hand, even leukoreduced blood products from
- donors tested CMV DNA negative with a sensitive plasma
NAT screening might contain up to 600IU CMV per

product due to infected WBCs. Even such a low number of .
residual, latently infected WBCs could be more efficient in -

transmitting CMV infections than & high. viral load in
plasma, because cMV mfecuons might be tansferred

more easily by direct céll-to-cell contact than by free virus. ~
' Viable CMV during primary CMV infections of immuno-

competent subjects, for example, was undetectable in
Lo plasma sampIes, but found in six of 110 WBC samples in
. . the studies of Zanghellini and colleagues“ and Revello _

and coworkers "

Direct measu.rement ‘of viable ‘virus in CMV. DNA—.

positive blood products by viral cultures would:have also

been desirable in the current study, but the detected con-
_centrations of CMV DNA were below the limit of detection . -
of common culture techmques Nevertheless, CMV DNA™ "

- in plasma- correlates with CMV. disease's-and is'recom-

. mended as -a ‘surrogate variable in ‘monitoring at-risk .
- paments for active CMV .infections.!’® Presénce of CMV,
DNA in whale bloodn‘ughtaswell correspond to systemic - -

viremia, but as discussed. previously, low concentrations-

- virus. To our knowledge, there are no data about the infec- .

.. tious:dose.of CMV, but.even Jow.concentrations.might be... ..

_ infectious for immunocompromised patients:

Whether breakthrough infections actually occu:‘b

 despite use of leukoreduced blood products is debated
controversially: Thiele and coworkers'? dxd not detect a
single case of TI-CMV in a cohost, of pauents with stem.
cell transplantaton, but were only able to include 23

CMV-seronegative donor—patlent pairs. Statistically, no -
case of TT-CMYV in 23 patients corresponds to a 85% prob- -
ability of breakthrough infections occurring in less than -

_13%. Tliis risk of TT-CMV was calculated to be 6.5% by Wu

. and coworkers, 18 hased on three cases of possible TT-CMV

among 46 CMV—séronegative and DNA-negative transfu-
sion recipients. However, there was no definite proof from
donor follow-up that the infections wére transfusion asso-
ciated. For low-birthweight infants (at most 1500 g),
Josephson and colleagues® are currently conducting a

" study to determine the incidence of TF-CMV and to evalu-

ate the effectiveness of t.ransfusmg leukoreduced blood
products from seronegative donors.

2 83 TRANSFUSION Volume 53, October 2013

Also from the curtent study, the optimal transfusion
steategy for at-risk donors cannot be determined clearly:
The classic strategy of seroncgativc blood products has’
the lowest risk of transfusing cell-as_sociated CMV. This
effect is only significant, however, if even very low
numbers of infected cells are taken into account. Window
period dopations with prominent viremia were not
detected in the current study, which is in accordance with
current findings that the peak CMV DNA concentration is
reached after seroconversion.’

As expected, NAT-negauve blood products showed
thie lowest risk for free CMV i plasma, but this difference
reached significarice only for comparison with unselected
donors. Blood products from lohg-term-seropositive
donors contained ' potentially neutralizing antibodies

' against membrane proteins like gB, which might impair_
' infection of at-risk patients by low concentrations of CMV.

Whole blood NAT would be an ideal option to detect
both cell-associated and free CMYV, but this approach is .

.challengmg, especially -as a low limit of detection is -

required. To weigh the advantages and d1sadvantages of -

. the investigated transfusion strategies, detailed knawl- : -
-, edge would be necessary about 1) the comparative infec- .
" tivity of low concentrations of cell-associated versus free

CMV and 2). the influence of neutralizing antibodies on -

ﬂie infectivity-of 16w concentrations of CMV.

Until these facts are known, avoidance ‘of blood -

* proditets” flom h'eMY.Z'SEKDPiisiﬁVE'"C_toiidrs"’rémam's the
-smost impertant. geal in' preventing -residual TT-CMV..

despite leukoreduction. As shown eatlier for plasma

. samples,® newly seroposmve donors also'showed highest - " ‘:'

concentrations for CMV DNA in whole blood, while no

'potenuaﬂy neutra.hmng antibodies were detectable in .

oMDNAmmmﬂammmnwmmMghQMMmmmmMmW '

fore, these products should imply the highest rtisk of

.u:ansmlttmg_.cw o at—nsk_pauentsm Avoiding_these. ... .

blood produ.cts is possible by provision of seroneganve ;

. blood products, CMV NAT-negative blood products.
. or blood products from long-term seropositive donors. Im

remammg cases of suspected TT-CMV, both the serosta- |
tus of all implicated donors (seronegative, newly $erg-
‘positive, long-term seropositive} and the CMV DNA
concentration in stored plasima samples should be dete_r-': .
mined to gather further knowledge on which donors

_confer the lowest risk for TT-CMV.

. ACKNOWLEDGMENTS

' We are mdebted to Sylvia Greve and Pctra. Glessing for technical
- support :

CONFLICT OF INTEREST

None of the authors declares a conflict of interests.

25



10,

REFERENCES

" Klemola E, Kaariainen L. Cytomegalovirus as a_po'ssiblé .

cause of a disease resembling infectious mononucleqsis. Br
Med ] 1965;2:1099-102,

Yeager AS, Grumet FC, Hafleigh EB, Arvin AM, B:adley 18,
Prober CG. Prevention of transfusion- -acquired cytomega-
lovirus infections in newbormn infants. T Pediatr 1981;98:.
281-7.

Bowden RA, Slichter SI, Sayers M, Weisdorf D, Cays | M
Schoch G, Banaji M, Haake R, Welk K, Fisher I
McCulloijgh I, Mille‘f W. A comparison of filtered
leukocyte-reduced and cytomegalovinus (CMV) seronega-
tive blood products for the prevention of transfuslon- N

* associated CMV infection after miarrow tra.nsplant Blood

1995;86:3598- 603; )

Soderbe:g-Naucler C, Flsh KN, Nelsen JA. Interferon—
gamma and tumor necrosis factor-alpha specifically
induce formation of cytomegalovirus-permissive
monocyte-derived macrophages that are refractory to the

_ antiviral activity of these cytokmes J Glin Invest 1997,100

3154-63.
Vamvakas EC. Is white blood cell reducuon eqmvalent to

antibody screening in preventing transmission of cytome-

galovirus by transfusion? A review of the hteramre and
meta—ana.lysns Transfus Med Rev 2005;19: 181-99.

ermann M, Krueger S, Maier AB, Ununack A, Goerg‘ S,
Henmg H. High prevalence of cytomegalovirus DNAjn.
plasma samples of bloed dénors in connection with sero-
conversion. Transfusior 2007;47:1972-83.

Durmont L], Luka J, VandenBroeke T, Whitley P, Ambruso
DR, Elfath MD. The effect of leukocyte-reduction method
on the amount of human cytomegalovirus in blood
products: a comparmon of apheresis and ﬁltratxon
methods. Blood 2001;97:3640-7.
Drew WL, Roback JD. Prevention of transfusion-
transmitted cytomegalovirus: reactivation of the debate?
Transfusion 2007;47:1955-8. '
Ziemann M Heuft HG, Frank K, Kraas 5, Gorg, S, Hen.mg H.
Window period donations during primary cytomegalovirus
infection and risk of u'ansfusion-trénsmitted‘,infections.
Transtusion 2013; 53:1088-94,

Soderberg—Naucler C, Fish K, Nelson IA. Reactivation of

' latent hurnan cytomega.lovn'us by allogenelc stimulation of .

blood cells from healthy donors. Cell 1997;91:119-26.

26

DONOR CMV DNA AND TRANSFUSION STRATEGIES

- 1L

12.

13.,

14,

15.

16

17.

8.
- R, 'D:ouem-’l‘rend I Wa.ng JH, Champion M, Fang C, Dodd

Zhang C, Buchanan H, Andrews W, Evans A, Pass RF.
Detecﬁqn of cytomegalovirus infection during a vaccine -

‘clinical trial in healthy young womer: seroconversion and
- viral shedding, J Clin Virol 2006;35:338-42,

Ziemann M, Unmack A, Steppat D, Juhl D, Gérg S, Hennig -
H. The natural course of primary c¢ytomegalovirus infec-

"tion in blood donors. Vox Sarg 2010;99:24-33.

Zanghellini F, Boppana 5B, Emery VC, Griffiths PD, Pass
RE. Asymptomatic primary cytomegatovirus infection:
virologic and immunologic features. J Infect Dis 1999;180:
702-7. -
Revello MG, Zavattoni M, Sarasini A, Percwa]le E, Simon-
cini L, Gerna G. Human cytomegalovirus in'blood of
i.m.munoco’mpete:it persons during primary infection:
prognostic implications for pregnancy I Infcct Dis 1998;
177:1170-5.

Emery VC, Sabm CA, Cope AV, Gor I, Hassan-WalkerAF
Griffiths PD. Application of viral-load kinetics to identify

- patients who develop cytomegalovirus disease after trans-
plantation. Lancet 2000;355:2032-6.
' Kotton CN, Kumar D, Caliendo AM, AsbergA. Chou S
-Snydman DR, Allen U, Humar A; Transplantation Society
-International CMV Consensus Group. International con-
© Sensus ‘g’uidelines on the management of cytomegalovirus

in solid organ- transplantauon Transplantation 2010;89:
779-95.

“Thiele T, Kriiger W; Zimmermann K, Itterrua.nn T, Wessel

A, Stemmetz I, Dolken G, Greinacher A, Transmission.of .

_cytomegalovirus (CMV) infection by leukoreduced blood

products not tested for CMV antibodies: a-singlé-cemer

_prospective study in high-risk patients undergoing alloge-

neic hematopoietic stem cell transplantauou (CMB)
Transfusion 2011;51:2620-6.
wuY, Zou §, Cable R, Dorsey K, Tang Y, Haplp ‘CA, Melmed

R. Direct assessment of cytomegalovirus transfusion-
transmitted risks after universal leukoreduction. Transfu- K

' “sion 2010;50:776-86.
‘19,

Josephson CD, Castillejo MI, Cahendo -AM,; Waller EK,
Zimring ], Easley KA, Kutner M, Hillyer CD, Roback JD.

_Prevention of transfusion-transmitted cytomegalovirus in

low-birth weight infants (<1500 g) using cytomeédovirus- "
seronegative and leukoreduced transfusmns Transfus Med .

" Rev 2011;25:125-32. El

Volume 53, October 2013 TRANSFUSION 2189



AL 0 g BESE Y BB

27

LB ETRLOWHD 618 ¥ L6 FE) 7L ATY oomﬁo ﬂﬁﬁ:m@evﬁ ‘i moom 3 ®) uﬁw.&&m ﬂ.m\ulw #v IYNE S O —L 02 153 b
At e Gt | B4 ( OTUTHOWOTE I FAL AT YU A~ ¥ 2TH N TFHGHMTHTEOLT D> — 42 20 ol
TRURT R LR RO D) GATE0 Y RWHORHOEY 1619
"ATLAEWRONBHLUR G . sl
QET 2HACHTEOTHE i
YHERORML SN HHUMY N BHALTEQ 618 QWO RTHORH O 0% Ol <1
SROEUWEH B W | g0 i 2 W T S TRMEEE ANl G ATHOY iR e OO LA 555 1 1 A6TE V18 B
g T et ;m\%wﬂw Y CILCW TYCRIMARIEC RUCY (R £ — 0L LBV LUHNSEOGUD L LB 4618 W ABTE-VIZTD 21 Jﬁoéﬁ\w
A FEBOBER SOV | 3 e TR @YUM LI 618 ORTEY K S GHOD. 5 B ETCELINGG D § 7 7 LA B8
EIMLCMROE 0T HTROME R | pox “eizraing W AGTE MTER Y <X HIT 20 BINEAE "N BEE 2 ARG LEEL T 2T T DN 70 ST L IR
Y LIPWHE R T LFY - QPR C €@ AGTE “Bl— 5 A A BIWHIEEET O (Vad) WENIEEEROATFLYE A 0—E QLU SR (A8) EEOW S BLEY
D o e | B aena L s7 () EEOROR I IR YT~ L YN E LIRS EE O § AN YHRE | L |
1A R BIERODEORIREHT (| | gmgquy YU BBRT Y2 YL G0 () THUN LUIEY OB 2 £rbb 0161 T 2 BLHR S rs U 1 5
(0 VLA LT O SWE N 2 s ¢ R RaBRYES O— &3 hy) P&k CUURDWIE (X LB E (L LOBEYT L 4 RISSIEY T o
SAWEEUET T o mrgmy— VUSHEL BREHOMOT S A n—E BKEL R I WEDE LLURMELAE 2 ¢ [ HLIWOC ¢ 7 hota | &
, [ @nﬁnﬂu £ IFRTHEORY | CyreEEh¢ (SIVOW) ﬁLA\%an\WKQPPJEJ A6td | =
IS HAAME ARIRDIN | Coamaons DRUMLE P ALHE T T ASTEVIED YRR A (4w AGTE T2 (I616-VITT) A | B
s | HERVE— £ A 2T M AL ETHRIH 4 8000 L LG LN L AEHE 2 DG B WABOT 2 NI 4618 O | 26
43 FEROBRMGHSG RETLHBO) | 40 Lmeymsr (ol o) TR VI LG UE 13 MY T b K618 O YFWA— L WIS | 4y
( ‘2wz I SO T 2 (8] R W B T s VI QALY A= 4 ZPTWA— L= 5 LD (W) SUMEER HRACLEER v f o E
S EANBETUNE SHETEL 5372 WER N0 ASTE SLEHENT 2 HELHOT AR BN L 0L B NE NI L — YN U HER T 2
HETWE CASEA VR U2 | (e omy T/ALEOTY 3 NG AGT LASENS A HBTA—L MEROMEOUC S\ SRS OMEBGHT 0T
ZLITURLL BIUHO 018 v/ ) U UG RACA L AGTE QWA — LHWD Q QLR R 1619 ¢ &
s 2) FHOWEHTF  WULE) | sy sz s 1610 21634 A 0 SOTHOW AL D (30278 i) HETEsY (OR) WL LEBEA AL LAFAL B VHY
HO | (U HENY 7 5 9661 GG BETEIELIUT) YNBER 4= [ 4 AGH D (V) UG TR LI G
e | B DY 65 1661 -4 AHT ) T AQYSLETI 47 (O AT A \ﬁ_myﬁmmgaﬁﬁ%ﬁww&
_ S AR
LR -
. %ﬁﬁ_ﬁ@@x\:\_&e&w@ﬁﬂknﬁk#ﬁem@ (as) ﬁﬁ%ﬁk\ﬂm&%@ Pﬁmﬁ@x\:wakln{\ﬂ\ CTIABTE "R
SOWROTRAN 2L LELINTEY | w22 00 FAPHIATL B (YU BO W ASTE 0T L ETHNLORINT S G2 Ev 1 6 #) D8 ST 631
HEEZEHO L BNV REEEEW WO L LR SR 2T 4619 *L 2B R(6IWHQ » B 0o ATMOTETWEOLETLIY 128
CBAEEFTOT &miﬁ mesm« %ﬁ#kﬁﬁ&ﬂmﬁ\mﬁﬁﬁewmamﬁﬁﬁ (#r ) BBFRDOWE. " (A618) 618 A7 4o A
_ E - T OEewTE) | oK E%ﬁ\. (L7420 (paea)
; . iy Vel (N £
s e | wyy | GMsSTD mwmsansicools) (323
ww g0z onmmmmEE E s — \ahu.m:@/\ﬁ@mﬁmﬁﬁ 5 ,ﬁ.@ﬁ%l
- EEw. . B | sisnew YYBHHUEY A= ( 441 £T (D
. L ONRERA HSTHol=Zper0z . . [ .
WEWSWETE | SXosuEs CHEVEESE | HE® | e - amn
BOHTM BELG S
o1 &g L |

12 SN

R



\.. (i £ 0 4 S 2

L EE
Bl QB (LHUY CEAHY
W) SO~ UL IS HY R A%

w q 4 M,C, H8 @ 0062 ﬁmtﬁwe Emrﬁﬁo J?m.w N msv\._ mﬁ,ﬁmm s,a >ma Q\Sn\ AR VNG AsTE SEE} ABTE-YIETO ﬁ g @

CIURMHER (W/T807€2°9 e, s 13 T/QISOTIT 'Y 3 LB ¢ -T8/NIBOIEE 9. T FELE) T9/N12076 °9

G CRCFAFYNOAGIE LTEXR (10001) Bhak < e %E.ﬁﬁo S EEl o ¥ “RIFFo %E.ﬁmd UM HBW O

SY RN EIN _m_e\_\.n\ ?@(ﬁ&mﬁﬁeﬁwiw\ ° (66 "0<24) ¥ &&O@VE@N VNO AGTE 3 H} AGTE-VIZT) D F 2B 3y B HY Sy

.ﬂﬁmgﬁm fLrE 32 msu.\yéﬁm VNG ABTE @ (SH-TSH) | 84- s R+ BB (Bs TR €), B ASTE-VITD 2 Ve [#

&ﬁﬁﬁe gaﬁauﬂaa <HMJoeah\b %Lb%@e*<QWHm

L . o ‘VQOQP”
_S_Eamod vu MK\_\ \v.m_ B A61d 6%&%@% %H m.wrﬁ >mm_ ﬁﬁ 9: s a Ke\Sn\ «Temmmuo Qpﬁﬂp O%JZmﬂmuﬁms

YN (W/N180TE
>} WK%%&@@@?K@E«@@@B ..u.s .h..meAC\h_ 3@ G jhw 9 H%«m@wmu eETD ﬂ Ammunv TWOREM L@ FE ¢

. smzms T OPI-ASTE AMH UL " L2E WG 618 Y2 G ”g 1/n18e9 (B9=t) WHOMITAT "VCTAUE T %

S @D MIHE
@;S%m;%%eovﬂo eEew P@@emél.?,_ e<mﬁa%eowe Ss\awodvm,m\:&n; wma o..%mu.&uﬂ_.w#m

w@ﬁiﬁ%@@( Eﬁ.vﬁ%v mmao,_éwmaﬁl.vm @z ° Qm AE\EmSmAV HANVERA A O INEASTT BIY — O —f o Q3EAL
. , oo m,:m_ 931 "HEI T~ (MM GCIFBOMRE) AT
T 081 3 WBI- (RS <Cifch ORER) I
Lo ﬁ@uﬁ TR MBI (M QIR RPN 2T
_ . .,m . ﬁm 58T 3 WL G f-fX ) AGTE 1= (IR 2 1
. R T (LRS- BT HAI P OFRETT T i
Jﬁwu@ ﬁewo,_tm?_ﬁw @wm%c.o% E#eﬁk Emﬁ ﬁ 32-5 \Sh\#l.mm mﬁvﬁﬁm_wlﬂﬁe >2m.5mdm.<§>2m

UCRALOYOIE—LA QY

.:Hﬁwml.ﬁi ﬁﬁg%gﬁga 19 ﬁﬁ@ﬁﬂ VNG A6TE ﬁ@%ﬁéﬁd@ (%€0 "0) ma (7 &) uEm MBI OWLMOLEY 9

% 1102 G<¢ & 31 25 6102 T (%99) 19 b CTTYERE VNG ASTH ¢ TOT :° NN =) ...hoampﬁﬁ)mn GEsY (%90°0) LTP REZ A 74514
ma5eﬁ§osﬁe EeaﬁeemgoHQM£#¢Ja\nlﬁampaaémd ‘o (KB ) 2R K6 1102 9¢H 7 3 8002

.Q\IIDQKW_EE@% _>m_m|<_m,_o CHETIFE
: #H #

,__umfw,x L m)

S LA . LTS Wa
AS19 S *F 21 ¥dd-N' E a:m ﬁ\sn\ #ﬂﬂ %meﬁm,_o Q N% T n.;j EEJ%&EPM mm ,& 88 o,_ é m w & moomm_ &m&.ﬁﬁ@iﬁ%

YL 2 YND A6TE. 2 P 0 (40d-n) =7

‘ m%%min ¥ ?r s F?Q a m\swin«ﬂvLeE ABTE J_& ¢e»m$@q,@ ﬁ\_ﬁ.\#ﬂm@ ABTE-VIZT) QRS "21¢ T QL

au..._h\” YU CRGF 2 6 P2 080 212 Rizchigifohgcs
L7 pult: § ﬁ_\_bh\.n.ﬁé_%\_wng% ?«Jwﬁﬁu ﬂﬁu.ﬁﬁi%k %Hm HAGC AGCER ( [100] MEEL Y < &) B ABTE-VISTD

QOFEEIAYE “TYF 01 *UN 14 1:1 4] %Jﬁnﬁ.&.@ suelexoIp-g ‘7~ Hhamﬁlﬁhxo.ghosnmozal #87) w..hxoﬁmELvlmm:mp:mﬁmvmo.ﬂqml 2E

ENEE NI Y o P 4V O rH @ W AT TAN AN LA (dV) A — £ L £ v o
FOEALUYL—CG 44&»*@&&50H YWRLA Y \b.l._Eehl\_QeONeﬁLﬁ ABTE "L R SQYOU v L 2§

.tm.,_ ABTH Oﬁmﬂﬁmﬁﬂ Pmmmﬁ_%ama b ahBEz >mHm|quo ..JaS .Q\. Tl £ X Y AT LA R >m5|5m4.o @ (A
o Wnﬂﬁ@ﬁ nﬂﬁmmmﬁ ’ _mmﬁ.mﬂﬁmﬂ‘.
QY . . -

1-2 SNEEPWNG

w3l

28



R (AW LA 5

Q%@m&ﬂﬁu_ﬁ H&ﬁﬂﬁeﬁwmijﬁszﬁﬁﬁﬁ%K Qoﬁmv amm 21/2) %910-0 U.P £ 002 @é& 0002 HE=HR4E@ 4618 @
(Mu/n180T9¢) e w ﬁ.u.ﬂmmen._&@m 28l “Y © Q. (&.059/117)%900 0 QWYHOD & 4 £ K0 LEO RO 6002 G Uz 8002 Rige TL
@ -A6Td o S_H_\Emsmc Wil R BHOTEOIEL < LE UUR TS (%600.0) . TWD €6 ORSI LR Y 62 1102 G<¢H 2
8007 VB (B~ 1) IWHE A618 LAY LA AEIE T @ET C A7 LI BE n5¢ 2 2 G LA R WG A6TT C L4 2T

YA Y LS NEOTEOR I R L QML AT — [ £ LN I NV—LH G A= &2 ABTEVITD “QEUAYURNBU L A =—( 4%

IYNABTE 1S - nﬁmn,\\xaﬁmknﬂe#%m,ﬁvgﬁgk\ Jnaxa_zuh\_%lh ﬁ&gﬁm_%aem,&;?f ‘Bl coHELL
Kl P J.S&R;E&m&ﬁ@@%ﬁaa SUDEER me«wﬂﬁj_w&voag AGTE-VIZTO Pgax\_\wgs'{.gw% R Rr i TGE

hif ..Em I ¥ r@gﬁwmwﬁﬁﬂﬁ -YNQ ABTE PAWED. ¢ P24 A=— (i 4% A618-YITTD ewwﬁ_nemm@o ORIV Y |

C ol 2 m%ﬁkiﬂﬁen\m@é pR4] m.mm.ﬂ‘m\lla ¢xEl ABTE-VITT) ‘23 ° (T/nI8emd) U0
m_ﬁvgmwmvg;.ﬁéﬁu@&lh ﬁﬁmmeﬁeweLﬂﬁ@_ ABIEN TS AT 42 ABIE-VITD Y ZAERE NG A619 O
&ﬁéiﬁ@%@@ﬁ) Al — LGt o] en_um_uwmﬁ ﬁﬁ IRAUQBED T T TV mﬁpﬂﬁéﬁ TG LHERLTHLEIE
@C € O 618 LFBANHEE 2O RALT LY ATRE > C-FI WL — UL ASTI-VITT “QTERST~%0T 2T 7 7 4 DI TE

i mmx\:\vaeom GUTH— m;u.,;wﬂﬁnﬁ m%%ﬁwﬁﬁélmﬁp@ﬂw&mﬁ\m @ A6Td ﬁub ENSEOGES T v

Qonﬁ@&@ Hpice

S CAEE¥E N nww.ﬂmnwwnﬁ.%\_ éinﬂﬁ@ﬁx S OV s g A= — ﬁ »“K ABLE-VIIT) G0— m\m.m_ﬁﬁ omm "QHEY C (O E) G LW

ARTEOERELHTOLI Y4 A= 4 X T TARLVIED 6% D QWTO G~ o 535 8 OUETS 0 ¥ H T T BIFE
S "YU Mmgﬁ.,_ﬂk VgD n.:ﬂ 35 RLEBORPARIYCLBRIFY "ML A=~ &% 1619 WHHTO 04l o 8002
. CCARYBEE /R80Ty RIE YAl b £ 0 YNG 4618 O char— ZBBNE (2
. ‘ 3#@ ﬁﬁib#gHﬁwﬁ&&ﬂ&ﬁevﬂexiwa R)IVA AGTE BIEXEHT QLS (1
.;Sﬂﬁwnmn%m%me__%eu_.igﬁdnﬁﬂﬁwwk@ssEmﬁwwmaeaﬂ&%mmw@ﬁéé.

Nz @iwwﬁmﬁu ‘S @ T/NIBeTE '9 LEsE WD AGTE-YITTD R ¥% "#0Q AE\Emo.:w 9 DAL Afe—A TG VNG ABTE LT SR}

Eq uw.u

wk%x\_b_&ﬁ@&@&n\ﬂggE»,murmxn\Hj_ N 0@ Y ﬁ %3 ﬁ ﬁ&mﬁa \:%,Dﬂ_ﬁmﬁh A618 ﬁ_@ OHA El—E U AT

.

0&#&@@ .ﬁs\Emoqw mnmb.\:{\_ w@%@(\ O mb%#@% ﬁI\/\A em VNG A6TH @&%E\_\lk@ Nt. T AVERHTOLE |
RUAPGEQTHUMOBE) “BOYEG Bﬂﬁ;&\ll (¢ 4% ABTE-VIET) *UN FERIGLL ASTE QA — L ‘DRI 4 <=

— (0 #2PWS T ASTE-VITD “21GHBRK ﬁ;viwmmmwv VNG A61E O T YA T/NI30T BIL Ayr (%2 °LT) §98 “RACO-L Ayr 81T QO
Eﬁmﬁ#mémﬁﬁgm\ =— ﬁ ¥ G H.,_ vy ,_.Twwme YN Em mﬁﬁrm\ K@\qlhﬂdﬁi@e@& £ T Kz 8
W NSO >2m eﬁmma?:lh

° @ B % maa Jhgfhw&z\_ﬁw_ ..m.w.\\, ;\Lmi.ﬁ iw“m/\sﬁmwmﬁunﬂx_&\_ “UUEDIh S & 4 W

. ﬂeo pa ﬁﬁmmgswiwgmé LA AW £ b1 LN 4 LOoEwe g QOEHFEG O 1102 37 L00Z °HC @I NN T PIEE
OPHEY YO R MWD RYE T Y60 “HEF LFA mmeﬁ_eﬁew@@ (WY R 4 — L) YCQUURFE W EGIE

B0 P SE R B ASENFEANEEY D HoREOC (v E) YWELANH 0002 HOHFEINY YUY >EIMO D
VR DR R U YU A E M ¢ 1102 G <@y 966T B4 € HE YUQUEAWEL L Y2QCE QT DTG (ULCFR
28y H@JEM@ ﬁﬁ 861 @ 1 ﬁ.m.@mﬁ @ me gl mm,nj 3 ﬁ&@mﬁ vs%_mﬁx_%m VNG COTRMFI NG AB1H @ 86T QELMIL

E,\ﬁme A618 OB BT ORI

, SN ﬁ,_s\amé ‘9 % FEA Emaumieﬁ Eﬂw%kf\eﬂﬁ.xﬁeo LN (13°0=28) mmmgﬁﬁma%mi =
J,EEw\_R\#e g9 ﬁaﬁe ow Oﬁmﬂﬁmdesoeogm PRSP é;&maﬁeome a&awévmx\_\wﬁ ﬁa "Gk

A

01 L5

12 SR

T wEY
BEBTH BRK W
PR TR



2

LT Y E s

| ona >R KSR 2 G TAGIRO I BAYELOL WAV e 0T HLIWD A1 HHON Y T LFELN L2
| EETHANTHACE 1N Y @RI URTEL WO L THOREI NS ST EL ¢ 7 2 HEIR ELYEA RO 7 0 AT
e 3 LD e L T T RS me @) T OMEORY QLG
ey HREBOT Lo 24 4= O YEMTNVRORYU® (CTIUIEL L EFUNTERALALORILTR ) 6 A% G
SEAALNAZLIRTAQUON 2 xR0 £ (L OBOWHOT ERUTLHY  BOTEHIRLL < =— [ 42 GG
_._.N.D u..._nbl,m W‘J ﬁw ffLJ#m MHH.S\W.EH.N.._\“ W%MM%&%H&M@@ >mHml<Hm..mU 4.H- Og ° A%I%emmﬁmv s_.‘ww U_AQO»_ mmﬁmw_ﬁu’% | mﬂ w.&‘ﬂehmu
HO M1 1L IMOBYRO W16V “Hf " RULALALHNG LGLNTED 06100 @ OB TGLTE S <= ( o
>2$§SQ%@&§éwummP§~U@#%ﬁﬁ@mwmea2$?w%@@&%EeMsaaamsv«Mmaﬁagddtﬁwﬁﬂ.
JOTEVIED A RABORIRC 1 21 % (QAUBORMUC & " MPEEHTOC 83N I L163 ASTE-11 %121 HRIBTO
T Hyar M\A_@ TH/ni8oTE ¥ ..”ﬂ:_&‘ﬁﬁmmzﬁen\ ﬁnwﬁ%..m..nﬁwm@ﬂ\ T nu.h\.” Wu_ﬂ%@:&‘w_..m >m._”mlfz. nh..n%mﬁmm_.mmhrreom" 24T ABTE-LL ZF e
MR ASTEVIED 1P HHUGUH, Q080 Y TRBRR T FUR WL W AGTE 2 6 0 A=A /41 oY 81 Sk 2 T
FIRGHTIARY G T /(12078 sWBYA L 4 A61H AU ,H.Oa%ﬁ.ﬁ_w FH¥sE YNG ABTE D4 A=A AQY 9T @ Y& Ty/n1%07g
RN AO—EA TG IR ) QUG RUR A ATMSNES LR (A618-11) THRH A6T8 MR YA )4 o
.ésnﬁm@xPemWw%Rmeﬁﬁﬁﬁyﬂmﬁaﬂhﬁe«ﬁ%aﬂﬁﬁgﬁﬁwﬁaﬂﬁm¢§>2meﬁ%ataﬁsTmQ,uﬁl
o e < PUCAC XRYT YT AL .lrmgbnwmmﬁwﬁmw GO 0 L IS IGIEOR (3L 8008 °¢ g
| G oy o s IS 7 A B ST TSI RO 6TE RO QU S N URNMBOIE 0D 22
| 8 TURE Y 2 UMy B sl TERIEDY 0661 T BBV ommd.. HERLULEOC T GRLRE A618 “FURWED | BLY
REROIT I L URUSG R E Ny .mmwrnmﬁfﬁh# VNG 6TH O 30T " IBM AR OHRET OO WHY S22
‘Hﬁpﬁgﬁevwﬁamm¥ﬁwﬁhﬁ$$ﬂ%ﬁmﬂpﬁ$ﬁﬁﬁﬁﬂl@ﬁpﬁkﬁﬂHﬂ$ﬁﬂ,&%;#Oﬁpﬁelﬁwsv
1 ..m.wﬁb-mm@»u_nrun_mw\. mﬁm@mﬂ* T mﬂ.ﬁ.m*.m_m ) ﬂwwa\w.ﬁ U%Oﬁ%pmm.ﬁmﬂuﬁ q unu* ;_.p.m._”m.,léwm.._u H.m BLITEEE rH mw.w&mme\_\mh\“.h!&.\vw.V\ 618
S & 35 IR A ZWEITE L QGO CFED WL SIYON T KT A6T4 SUABLUG eI @y
(£ —LOEEENE) UCEHRAT ($91°0) UTAAB BALALTHE NG A6TE @ 149 QLR L O E AGTEVITD W (50 0) )
o EHHOE TSN A= (4 Q¥R R To R el /85 NN EOXD S 4G CEs? % IFRERAE AGTEVITD ° (e
| SN BELEOR QMONL A I RIAGFHHO OEVITD YREUL) YUGEHT TLLRTBC A L W ASTE v T |
- (%9 °2) THOC- 8 ORE AT X HMERES T WIS SRR U I LR GUR LN L UG ¥ 57 CHUAE AGTE-VITTo . |
VIR SSIR O TE AT R LA LFE W mﬁ:w 5H.mmﬁ$,.>ﬁmr<wu D QIIE "UNME R TN EHF LA ) L0 ASTECH “Tse |
“gﬂmgﬂﬁﬁaeaﬁﬁﬂéaéﬁdﬂwﬁqﬂewgﬁgﬁﬁwmﬁﬁwaﬁsﬁﬁgw&&#ﬁﬁﬁﬂﬁp>2$§EuN&%AW
e>2ﬁﬁ%HﬂmﬁA&ugﬂA$%wuuvﬁ%%¢ﬁ£uEEWPWEQMJ&QSﬁQ%ﬂQsﬂm%%ﬁwﬂmmﬂ@@ﬁomwp:
a»u%#mNmﬁpﬁM$%,vsﬁww%u@ﬁg#omﬁﬂaeﬁww%MK%%huﬁmﬁﬁQSMGQQRA#ﬁEJmﬂasﬁ
7L ] mau.__ﬂ,_.mgmg ABTE-VIATD @Wmepﬁﬁaﬂmﬁﬁm 1 7 HEAL n@«mlﬂ L 2N — ﬁ@wﬂ@@ (/NI TFHYNG AGTE) WA b LRI AT

R . . : R T R R ) N } ) .dfs.u“h”.— m 3 Q @ﬂlw
T T/NIEOTy HLRLIE YN AGTH O ehFF AL 0 2T Del— Lo @rh¥H £ S QYA L YN FH R R TH G55 T2
HOLCWIMOREOLY Y ALALY R TN WPPACRL QU DR €30 000 01 O GUTWOdFH 2 2UT G
RGN “GURMB R TR TY/NIIT 9 W) ACTEVITT, SEAN AL ¢ A7 Q @sUTA I QUL I © F 21 AGTE-VTTD
HUROLFERO X 0P /A5 B WIS HCTOD U GUEEH RO ASEVITD "2 WHOBIE T/NT307, ¢ wa
MRS "Fik 2 RUSHL D2 VRADTUINBOPG el £ A4 FTTHEGES £ 2) AGTS-VITD DIGHLES T2 0 T 248 |
. A . .o - . oo m o N _ . . . . o@&mﬂwﬁ.ﬂu*uﬁ“mkpmﬁpfxuﬁ\
I CAUGUSEIL MO OR H CHHGIE 9 e S LR M2 95 HoETY BREEIE "YowdwR 2oLy
T LEA £ LOU0T 04 1618 0 > % “WOWLNG M6TE ORBIF *TNLUR BRS¢ THAMEHDE 0 9et b T

4 VA4 LR AT T &£ BT WREO" | T WOAGT 2N CT GBHO L/ £ HIFE "CD SRR R £ — L0
‘ T R — - =
A, S REWEN SWSM  Wal¥s
01 & | (TR R

LP.

: . TR -+
T-2 S

30



A R4 AR

4

%Y UBROES 2.0

m;Vﬁﬁ PR%&@&@@%& LN A —2 =% 614

Jkeﬁ@m&mm 618 O~ TFRY e ALY ER QURTFY - WE LS NBTINGO Y Q¥ MO
%ﬁﬂ%ﬁ#ﬂk#&ﬁwﬂmﬁﬁkﬁ%ﬁK\hhﬁRKQVbQJMK%¥ﬁihwwAEBWaSEEngES
YR FUNYESE ST NPT —& YRV CHEHTZEWMERALRZBUECILAC 618 NEROTHS 6T
H 119661 "RUNT BRI TGLHEANFTER 4 (HTHOXA V43, 0 QLB TY - PRI OO BT
MOEEEGHT L HALV P LOH "CULURSHEHD T TSRS TSI 2 v b 4 NGy

J1

CEEI NG Y R Aﬁggigﬂvﬁw%PQESﬁ#ﬁ@hln(\Hm%@i?ﬁ?ﬁﬁﬁ&ﬂK%%ﬁDKﬂH?SZEEE&
AHTZORK S HY @@K\_\VQ%AN,A%HEQZN&@«3:&q?_\,\ “$i (614 : 61g snataoazed vewny) gig K\_:\b WAy 2
iser i HEORIHE

‘ACXa @Pﬁhﬁ*ﬂé#ﬁmﬁ%h\ —f mxw%ﬁﬁ%%e AGTE 3R TS AGTE-VIZD AR AE > 82X
SUFEHT 921 L LBEHCEE R A BO AT Y WO RLETUSEORY T 47VE R IO ASTEVITD DR UYL AGTT-LL

LLRITCRAWIT

nmsubﬁ Y FNETO £ Q0 ABTE-11 QY TTH T * > L2 (B Y A b 4@ A618 Q@i TA— L8] ABTE-VIETD * 21 7 Musy

IWNASTd Bf 4 = ] @Kwnéeﬂgeﬂ,m.mﬁw QOB|NFEUS T G eu[addoy e @I FET N0 G LHER ) TORFIRHIIOC ¢

ZEUEAZEATHED A1 Oy A O —ENTHEWKLA=—( £ ASTI-VIID O d By

LT EFREHL GO LT 2 LPEIT/EROLTINY > W aEE

0T =3
1-2 SNy

Hﬁ\ (i &=L EO&@EWM# mKJQQ@ﬁ@MQ%EMQ%&m @23 YD © P ATIVIAD YRLGBWHOILTO

- WHA

W@ﬁ@ﬁm SRl ERNES

. ﬁ%m.



OTHER VIRUSES

JBPO 2013-019

Impact of chemiluminescent enzyme immunoassay screening for
human parvovirus B19 antigen in Japanese blood donors

Hidekatsu Sakata, Keiji Matsubayashi, Hiromi Inara, Shinichiro Sato; Toshiaki Kato,
Akemz Wakwaka, Ken]z Tadokoro, Mez-ymgW Yu, Sally A. Baylis, Hisami Ikeda, and
* Shigeru Takamoto

. BACKGROUND: To reduce. the risk of human parvovi-
rus B19 (B19V) transmission through contaminated
blood for transfusion and plasma-derived products, the
Japanese Red Cross (JRC) Blood Centers introduced

~-B19V antigen screemng by chemiluminescent enzyme

. tmmunoassay (CLEIA-B19V) iry 2008. .

: were positive - by CLEIA-B1 9V screenirig were tesied for
B19V DNA. The sensitivity of CLEIA-B19V. was tested _
" using samples of all three.genolypes and B19V DNA—
. positive donations. B19V DNA—positive donations and
. pooled plasma were quanutallve[y assayed for B19V
- DNA. B19V DNA-positive donations were phylogenetl-
‘ cal[y analyzed by polymerase chain reactlon direct
sequencing. :

1o be approximately 6.3 log IU/mL with the genotype
samples and 6.4 log IU/mL with B19V DNA—posmve
donor samples. Of 417 CLEIA-B1 9V—posmve samples
from 1,035,560 donatlons in Hokkaido, Japan 101 were
posilive for B19V DNA. The 198 strains of B19V DNA—
positive donations in Hokkaido over the past 15 years

of CLEIA—B19V the viral load for 819V DNA in all 772
pooled plasma for fraictionation from donors in nation-
wide Japan did not exceed 4 log [U/mL.

types of B19V {viral load >6.3 log {U/mL) and limit the’
viral load (<4 Iog IUfmL} in pooled plasma, and thus -~
such sereening has further reduced the risk of
transfusion- transmitted B19V infection, These resulls
show that CLEIA-B19V screening at the JRC Blood |
Centers can be an alternative approach to comply with

and Europe

STUDY DESIGN AND METHODS; Denor samples that N

RESULTS: The sensitivity of CLEIA-B1 QV was lnferred 2

clustered exclusively with Genotype 1, After introduction

CONCGLUSION: CLEIA-B19V can detect all three geno-

recommendations regardlng B19V in the United Sfates .

2556 TRANSFUSION Volume 53, October 2013
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uman parvovirus B19 (B18Y) causes a variety
~ of diseases in humans, such- as erythema
infectiosurn orfifth disease in children, aplas- -

tic crisis or chronic pure red blood cell (RBC) *

aplasia in hemolytic anemia patients, fetal hydrops or
fetal death in pregnant women, and persistent anemia in
unmunocompronused patients.! Although the B1SV is-
mainly transmitted via the respiratory route, blood arid -
plasma-derived products, especially clotting factors, con-
taminated with high levels of B19V DNA from blood
donors, with high viral load but without symptoms, have .

‘also been shown to be infectious.?* B19V is a nonenvel- .

oped viral pathogen and inactivation ,methods like.

.selvent/detergent tieatment are meffecnve for-reduction

of infectious virus in plasma. |

" 'ABBREVIATIONS: B19V = human parvovirus B19;

CLEIA = chemiluminescent enzyme immunoissay COI = cutoff
index; JRC = = Japanese Red Cross; RHA = recepitor-mediated
hemaggluunauon assay; TT-B19V e transﬁ.tsmn-transrmtted

-B19V infection; U-PCR = umversa.l real-tlme ponmerase

chain reaction. -

From the Iapanese Red Cross'Hokkaido Block Blood Center,

_Sapporo, Iapan, the Japanese Red Crass Plasma Fractlonanon

Center, Chitose, Iapan. the Japanese Red Cross Blood Service

" Headquarters, Tokyo, Japar; the Center.for Biologics Evaluation

and Research, Food and Drug Administration, Bethesda,

- Maryland; and the Paul-Ehrlich-Institut, Langen, Germany.

. Address reprint requests to: Hidekatsu Sakata, Japanese Red '

Cross Hokkaido Block Blood Center, 2-2 Yamanote, Nishi-ku,

Sapporo 063-0002, Japan; e-mail:. sakata@hokkaido.bc -jrc.orjp.
“There was no support for this article in the form of grants,

equipment, or drugs .
The findings and conclusions in this article have not been

" formally disseminated by the FDA and should not be construed

to represent any Agency determination or policy.
Received for publication July 5, 2012; revision received
September 18, 2012, and accepted September 18, 201.2.
doi: 10.1111/}.1537-2995.2012.03949.x
TRANSFUSION 2013;53:2556-2566:



-To reduce the risk of B19V transmission through con-
taminated blood and plasma-denved products, the Japa-
nese Red Cross'. (JRC) Blood Centers implemented a
BI9V screening with receptor-mediated hemagglutina-
tion assay (RHA) in Septernber 1997 {this had already been
implemented in April 1996 on a trial basis in Hokkaido,
Japan). RHA is an in-house B19V antigen detection
method in which glutaraldehyde-fixed RBCs are aggluti-
nated via B19V particles via globoside on the RBC
membrane under acidic conditions (pH 5.2-5.8).%¢ This

resulted in a significant reduction in the contammauon

level of B19V in the plasma pool.™®

More recently, plasma pools for further m-anufacture
into some, but not all, plasma derivatives are required not
to exceed 4 log IU/mL for B19V DNA in Europe,®!! while in’
the United States; a similar limit is recommended for all
plasma pools.™ For this r reason, manufacturers are screen-

ing plasma minipools using a nucleic acid amplification -
technology (INAT) to detect BLOVDNA and to remove units )
with high viral loads. Although: RHA has greatly contrib-

uted to the reduction of B19V viral load in plasma popls for

plasma derivatives as well as in blood for transfusion, the -

detection lirnit of RHA (approx. 10 log TUHnL)® is insuffi-
cient to gnsure that B19V DNA loads in plasma fraction-
_ation pools do not excec¢d 4 log IU/ml. In 2008, to improve

assay sensitivity, the JRC Blood Centers introduced B18V

antigen screening by chemiluminescent enzyme immu-

* ‘noassay{CLEIA-B19V): CEEIA=B19V:is a - ~tweo=step sand--. . |

wich assay and mouse monoclonal antibodies (MoAbs)

. . agamst B19V with different spec1ﬁc1t1es are used.

B19V has been classified into three genotypes, 1,2,

.- and 3.” Genotypes ] and 2 are found in the United States, '

..Europe, and other Western countries, while Genotype 3

. Is mostly restricted to sub-Saharan Africa and South -
‘America. *'¢ In horthern and central Europe, Geriotype 2’

CLEIA SCREENING FOR B19V IN BLOCD DONORS'

‘posifive . -

DINA Joads in source plasma for fractionation pooled from

Japanese donations and surveyed genotypes of BI9V

among blood donoxs in Japan's northern island of Hok-
kaido over the past 15 years.

+

MATERIALS AND METHODS

.. Blood donor screening for B19V antigen -

Atthe JRC Blood Centers, all blood donations are screened

~ by serologic and NAT tests.? Seropositive samples, are _
.excluded from the 20-pool-screening triple NAT to reduce

the risk of cross-contaminationt during NAT (Fig. 1). Since

2008, all individual donations have been screened for
B19V antigen using a CLEIA-B19V on'the CL4800 testing

system (Fujirebio, Inc., Tokyo, Japan). CLEIA BI9V is a
two-step sandwich assay and mouse MoAbs against B19V

with different specificitiés are used. B19V is sandwiched

,between two groups of antibodies: one is bound to mag-

netic particles-and another is labeled with alkaline phos-
phatase (ALF). The amount of B19V antigen is measured

by the chemiluminescence of 3(-2"- -Spiroadamantane)-
4-methoxy-4~(—3"—phosphoryloxy) phenyl—l Z-dmxetane

| Blood dnqurs

Donated blood ' ' Do
‘ . Individual donatisns are’
o ??"".’9‘?“—’“-1 gredwiiCLEI ~ -

negative - R -
- ) 20-pocleddorialonsare .-
Scroapea N TIOONAT

. negative -

positive .

Source plasma-

strains have been frequently found in tissue samplésof | 7|

older individuals. [t was reported to be an ancestral virus

circulated in humans in this region usitil the 1970s and

then replaced by Genotype L In additicn to the three
‘main genotypes, other subtypes (1b) of Genotype 1 strains

_in Vietnamese patients and subtypes (3b) of Genotype 3

strains in Brazil and -Europe have been described.!Se1®

- The European Pharmacopoeia and the US Center for Bio- -

logics Evaluation ard Research in the Food and Drug
Administration (FDA) recommended that al three geno-

types of B19V should be detected by NAT procedures.'2?

Some of the currently available commercial kits and
in-house B18V DINA assays fail to detect or underquantify

the recently identified Genotypes 2 and 3.2' In these cir- -
cumstances, no report has been available on a survey for -

B19V genotyping in Japanese blood donors and it is
unclear whether the CLEIA-B19V can be an alternative
approach to comply with these recommendations regard-
ing B19V. Therefore, we studied the possibility of detection
of all genotypes by CLEIA:B19V and measured the B19V

excluded

“Medical institutions

" Fig. 1. Flow from blood collection (from donors) to transfius

sion {to patients) and blood screening tests by serology in
single doriation format and NATY in minipool format for infec-

" tious diseases at the JRC Blood Centers. All bloed donations

are screened by seralogic tests for hepatitis B virus (HBV)
surface antigern, B19V antigen, and antibodies apainst hepati-

tis B core antigen, hepatitis C virus_'EHCV) R hux'nan_immunode- o

ficiency virus (HIV) Types 1 and 2, human T-lymphotropic

", virus Type I, and Treponema pallidum® Seronegzitive samples

are subsequently tested by the 20-puol-screén';ng NAT for HBV

' DNA, HCV RNA, and HIV RNA. Seropositive samples are

excluded from.the triple NAT described above to reduce the
risk of cross-contamination,
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hydrolyzed by ALP Samples with a CLEIA-B19V value
(cutoff index [COI]} of greater than or equal to 1.0 are
deemed to be positive for B19V antigen. Repeat-reactive
samples are excluded from blood and blood components
for transfusion and for plasma for further manufacturing
by the JRC. The CLEIA-B19V-positive samples in Hok-
kaido are assayed for B19V DNA by a universal real-time
- polymerase chain reaction (U-PCR) for B19V for further .
research, as described below.
A total . of 682 randormly selected CLEIA B19V
‘negative . samples from August 2008 to May 2008, from

-Hokkaido donors were also assayed for B19V DNA by |

U—PCR for B19V.

U PCR for B19V and antlbody detection
- Total nuclen: acids were extracted from 0,2-mlL plasma'
‘ sarnples by using a virus spin: kit (QIAamp MinElute,
Qiagen KX, Tokyo, Japan} accnrdmg tothe manufacturer s

' instructions. U-PCR for B19Vwith some modifications was -

. performed tising 2x universal probe master (FastStart, Rox;

"Roche Diagnostics Co., Ltd, Tokyo, Japan) on a real-time -

PCR system (Model 7500, Applied Biosystems Japan:
Ltd, Tokyo, Japan) according to the previous reports. =2
" Briefly, the - primer set (forward .primer 5%-AATGC
AGATGCCCTCCAC-3', .reverse primer 5'-ATGATTCT
* ' CCTGAACTGGTCC-3) ‘and’ a TagMan MGB probe 5
- (FAM)-AACCCCGCGCTCTAGTAC-(MGB) 3 were seleécted
. -from the most conserved sequences and amplified a

* 193-bp fragmentof the nonstructural protein (N$1) gene of’
B19V. Amplification reactions wére initially heated to 95°C

. for 10 minutes and then subjected to50 cycles of 95°CGfor 15 .

~ seconds, 56°C for 15 seconds, and 72°C for 1 mmute The
. sensitivity of the U-PCR for B19V was evaluated prelimi-

. narily with two.diluted samples (viral load of approx.-5log
IU/mL) from B19V Genotype 3a pa.uels {M1655, from

maternal plasma; C2005, from: cord blood) provided by -

- Prof. J.-B Allain (University of Cambridge, Cambridge,
UK).* The analytical sensitivities of U-PCR for Genotypes
1, 2, and 34 of B19V were.determined to be 15.2 [U/mL

"

(95% confidence interval [CI}, 7.8-83.9 IU/mL), 9.9 JU/mL "~

(95% CI, 5.7-36.9 [U/mL), 4and 16.5 [U/mL (95% CI, 8.6~ -

. 81.4TIU/mL), respectively, by probit analysis using the-
. World Health Organization (WHO) International Geno-

type Panel for B19V (NIBSC 09/110;-Center for Biologics
Evaluation and Research Parvovirus B19 Genotype Panel -

1), which comprises three different members, that is,

Member 1, Member 2, and Member 3 (M1-M3); these rep-

resent Genotypes 1, 2, and 32 of B1$V, containing 5.98, 5.94,
and 5.97 log IU/mL B19V DNA, respectively, based on the

" data returned in the collaborative study by 27 laboratories
when using quantitative assays for BI9V DNA,* while it is
“the policy of the WHO not to assign values to members of
NAT panels. Quantitative assays were performed with six
standard samples prepared by 10-fold serial dilution of a
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Bl9V-positive plasma (2.7, 3.7, 4.7, 5.7, 6.7, and. 7.7 log

[U/mL, Genotype 1}, which were calibrated using a com-
mercially available quantification kit (LightCycler Parvovi-
rus Bl9V quantification kit, Roche). U-PCR-positive
specimens were assayed for immunoglobulin (Ig)M and
IpG anti-B19V by enzyme-linked immunosorbent assays
(parvo-IgM and parvo-IgG, Denka Seiken, Tokyo, Japan)

" according to the manufacturer’s protocpl.

‘Genotypic specificity of CLEIA-B19V '

Sirice B19V genotype panels of higher B19V viral load were-

_ needed to evaluate the genotypic specificity of CLEIA- - ,
B19V, soime intermediate virus stocks of approximately

“10° IU/mL, which were used for formulating the First

. WHO Internatlonal Reference Panel for parvovirus B19 o

genotypes,® were quantitatively evaluated by U-PCR for
‘B19V as described; viral loads were 8.28, 8.82, and 8.48log
IUImL for _Genoty’pes 1, 2, and -3a (MS1-MS3), respec-
tively. Each san‘iple was 10-fold serially diluted at three
different concentrations and tested in three assay runs by -
CLEIA-BIQV

BTQV _sequence analysis . ‘ .

A total of 105 randomly selected B19V DNA-positive
samples from April 1986 to January 2008 {by RHA screen- -

ing) and 93 BI19V DNA-positive samples from February
 2008'to September 2011 (by CLEIA-B19V screening) from
" donors in Hokkaido were phylogenetically analyzed by
- direct sequencing of PCR products. The period included
two recent outbreaks of erythema infectiosum in the first
half of 2007 and of 2011.% Viral DNA fragments for geno-

_typing were obtained by PCR amplification of a 724-bp
region-of the NS1/VPlujunction in the B19V genome with

" . conserved primers (forward primer 5'- GGACCAGTTCA

"GGAGAATCAT-3', reverse primer 5-CCAGGCTTGTGTAA

-GTCTTC-3'). PCR for B19V was performed using a DNA

polymerase (TaKaRa ExTag HS, Takara Bio, Inc., Tokyo,

- Japan) according to the mamufacturer’s protocol on a PCR
" system {GeneAmp 9700, Applied Biosystems). The ampli-

fication products were sequenced on both strands w1th a
cycle sequencing, kit (BigDye Terminator, Version 3 1,
Appiied Biosystems) and a genetic analyzet (ABI 3100 or
. 3700; Applied Biosystems). The sequences were analyzed

with computer seftware (GENETYX-Win, Version 9.11,
* Software Developrent, Tokyo, Japan) and aligned together

Mth'reported B19V strains with a computer program

- (CLUSTAL W, Version 1.83).”* A phylogenetic tree was con-
" structed based on the various sequences of NS1/VPlu

region (1709-2392 nt in AF162273) by the neigh’bor—joining
meéthod and the final tree was obtained by a computer
. program (MEGA, Version 5.05). Bootstrap values were
determined by resamplmg 1000 of the data sets. ’
- The nucleotide sequence data reported in this article
are available in the DDBJ/EMBL/GenBank nucleotide



sequence databases with the Accession Numbers
AB691331 to AB691528 for HPOO1 to HP198, respectively.

Contamination levels of B19V in plasma pools

B19V DNA. in pooled.plasma for fractionation in the ]RC )

Plasma Fractionation Center from May 2003 to February
2012 was isolated from 0.2-mL plasma samples by using
an automated nucleic acid isolation system (MagNA Pure
LC system, Roche) arid the B19V DNA. loads were mea-
sured- by using a B19V quantification kit (LighiCycler,
Roche) according to the maaufacturer's instructions, Each
batch of pooled plasma consisted of approximately 5000
-to 10,000 bags of source plasma stored for over 6 months

(inventory hold) from nonremunerated voluntary donbors -

. from 2003 to June’ 2011 throughout Japan. Of a total of
3072 batches, 772 consisted of plasma screened only by
CLEIA-B19V, - ‘

- Statlstlcal analys:s .

The sensitivity and.95% CI of the U—PCR test, standard
deviation ' (SD), and regression line -were calculated
with computer software (Excel 2007, Microsoft Corp,
Redmond, WA) ‘ o L .

RESULTS

~Blood donor screening by, CLEIA B19\£ e,

‘in Hokkaido
'Of 1,035,560 blood donations from Holdca.ldo screened by

‘ the CLEIA-B19V between February 2008 ar;d September: .

CLE!A SCREENING FOR B19Y N BLOOD DONORS

2011 (44 months), 417 (0.04%) were repeatedly positive,
including 101 (0.01%} U-PCR-positive samples (Fig. 2).
Of 101 B19V DNA-positive donations; 67 (66%) were
detected from December 2010 through June 2011 during
the epidemic season (Fig.2). The 316 (0.03%) CLEIA-.
B19V-positive, B19V DNA-negative donations came Erom
171 donors, including 61 repeatedly positive donors.
Donor samples, positive by both B19V DNA and

" 'CLEIA-B19V (n = 101), were divided into four phases of -

infection (provisionally named. Groups I, II, Il, and IV)

. according to the presence of anti-B19V: Group I (the early

phase of infection)—negative for IgM and IgG anti-B19V; .
Group II (the early to middle phase of mfectmn)—IgM

" positive and IgG negative;- Group II (the middle to late -
‘phase of mfecuon)—IgM and IgG positive; and Group IV

(the late to terminal phase of infection}—IgM negatwe,

'+ IgG positive. One of the Group IV donors showed a high

level of B19V DNA (>8 log IUlmL Table 1). This donor can
be regarded as being in the transition period from Group
I to Group IV (not terminal phase). Eight donations of )
Group v (viral load < 4 log IU/mL) came frorn five donors, _

.one of whom gave positive donations on four occasjons.

‘As shown in Table 1, the Group I and II donations:

{n = B3) showed high B19V DNA Ioads of greater than 6log - .
JU/mL, whereas Group III donations (n =29} that were * -

positive for BI19V-IgG, in addition to B19V-IgM, showed

 viral loads lower than Group I and I donations. Most of
" Group:IV: donauons exhlbxted low viral- loads - (<4-log- .
JUimL):.

T Of 682 samples that were negatwe by CLEIA—BlQV 21 :

. (3. 1%} were poéitive for IgG anti-B19V. and low- viral loads' . .
of B19V (<4 log TU/ mL) .

. No.of positive donations

Donatlon date

Fig. 2. BIBV screening in blood donations by CLEIA-B19V from Fcbrua.ry 2008 to September 2011 in Hokkaido, Japan, Among
1,035,560 blood donations, 417 (0.04%) weie repeatedly positive by CLEIA-B19V (——), including 101 (0.01%) U-PCR-positive
samples, Of 101 B19V DNA-positive donors (me), 67 were detected from December 2019 thraugh June 2011 during the most recent

epidemic season in Holdaido.
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TABLE 1. B19V DNA loads and immunoglobulin class of B19V antibodies in B19V DNA—-pOSltI\Ie donatxons in
Hokkaido .

. ’ Number of - ) ] )
B19V DNA lpad B19v DNA-positive Number of Number of . Number of ‘Number of .
(log \UfmL) .~ donations Group I* . Group II* - Group IlI* Group IV*
»>12. 20 19 1 ’ 0 ‘ 0o
11 to <12 19 . 13’ 6 ¢} -0 -

10 to <11 -7 5 0 2 0

910 <10 : B 6 0 0 ]
Bto<9 8 4 0 3 1
7 to'<8 . 18 7 1 10 o
6 to <7 14 1 0 13 1)
Sto<6 ' 1 . 0 0. R | 0
4 to.<5 [¢] o} o Q )
3loxd . o 0 1] o] 1

.2to<3 2 ] 0. 0 ‘2
<2 5 [+ N 0 0 5.

Total (%) 101 . " 55(54.5) . 8(7.9) T 29(28.7) 9t (B 9)

Mean +8D (fange} B18V, 90-"29(1 5-12,3) 106"'18(65-123) 11T+14(76-12 1} 3'*'1 1(56-10 3) : 8i22(1'5 8.4)
" DNA load (log [WmL) '

*'Group 1, B19V-IgM and igG nsgahve, Group I, B19V- IgM posmve and IgG negatwe Group 11l,-B19V-1gM and l9G positive; Group IV
B19V-gM negative and 19G positive.

- 1 The eight donations (viral load <4 log IUImL) came from five donors, one- of whom gave posnr&re donahons on faur occasmns

. Correlation of CLEIA-B19V value and B19V DNA
‘load.in genotype panels and donor samples _

Figure 3A shows the CLEIA- B1SV ‘values (the mean of

". three measuremerits) correspondmg to B19V DNA loads

. -of .each genotype panel member (MS1-M53). A highly .-
. linear correlanon -‘was found. between:the CLEIA-BISV &

-value and B19V DNA load by power approximation
- (R%>0.99). The regressxon line of the respective genotype
) panel samples converged in-a certain range: The sensitiv-
ity of CLEIA-B19V was inferred to be approximately 6.3 log
IU/mL (Genotype 1, 623 log IU/mL; Genotype 2, 6.11log '
TU/mL; and Genotype 3a, 6.23 log IUImL), based on the
-B19V DNA load that each regression line intersect w1th the.

- cutoff value of CLEIA- B19V (1.0'COI).

Flgure 3B shows the CLEIA-B19V values correspond-
ing to B19V DNA loads ofBISVDNA—posmve samples. The
" maximum value of CLEIA-B19V is set at a COL of 2000.-A
. ‘regression line using 53 samples, with the exception of
" eipht donations of Group IV (viral load 5 4 log IU/mL) and
40 donations with CLEIA. value of 2000 COI, showed a
linear correlation (R?=0.87} and almost the same sensi- -
tivity (approx. 6.4 log [U/ml) as usmg the panels of the
three genotypes - . .

Phylogenetic analysis of B19V among blood
donors in Hokkaido

. The DNA sequences of 198 B19V DNA-positive donations
in Hokkaido segregated into Genotype 1 without excep-
. tion (Fig. 4). The 198 strains of Genotype 1 were divided -
- into at least three minor subgroups; provisionally named
subgroups A, B, and C. Subgroup B was consistently
detected between 1996 and 2011, whereas Subgroup A dis-
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appeared early durmg th.ls time and Subgroup Cc emerged
‘only in 2008 (Fxg 4). Among the tliree subgroups, no sig-
nificant difference was observed in age, sex, and the geo-

graphical distribution in Hokkaido (data not shown). The
nucleotide variation between strains from each subgroup

' ranged from 0.9%to 3.2%. The variation in each subgroip -

was less than 1. 6%. Each. major strain from donors during
two recent outbreaks of erythema infectiosurn iri 2007 and

.2011 appeared in two different clusters, but all were seg-

regated into’ Subgroup B- and showed high nucleoude

- sirpilarities: (>93 4%, Flg a).

Contammatlon [evels of B19V in plasma pools

" .Table 2 shows the amouits of B19V DNA i in the batch of

source plasma pooled from donors in Iapa.n nationwide.
Of 2118 batches of source plasma consisting of plasma -
screened by RHA, 365 (17:2%) batches were contaminated
with more than 4 log IU/mL B19V DNA: By contrast, with

‘the start of the plasma screening by CLEIA-B19V, B19V
-contamination in pooled plasma was decreased. After
" completely switching to CLEIA-B18V scregning, the level

of B19V DNA load in all 772 plasma pools (that included -
almost all’ plasma obtamed from the latest epldemlc

. season) did not exceed 4 log U/ mL which was the level of

recommendation in the United States and Europe.

 DISCUSSION

* We have shewn that the sensitivity of. CLEIA-BISV is-

inferred to be approximately 6.3 log IU/mL, when using
some intermediate viral stocks previously evaluated by .
NAT- for formulating the First WHO international B19Y
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F'g. 8. Correlauon of CLEIA value for Bigv anugen and BISV

'DNA load. Samples with a CLETA value (COI) of greater than, or
- equal to 1.0 are deemed to be positive for BLOV antigen. (A) .
MS1, M52, and MS3 represent the mtermedlate (approx. 10’)

'-‘vu-al stocks? for Genotypes-l, 2, and 3a, respectively. The B19V ;

DNA load of each genotype viral stock was determined by
U-PCR for B19V using B19V DNA standards from B19V-
positive plasma (Genotype 1), and each panel was 10 fold seri-
ally diluted into three concentrations and. testing performed
in three assay runs by CLEIA-B19V. (B) A total of 101 B9V
[NA-positive donations.in Holkkaido from February 2008 to -
September 2011 were detected by CLEIA-B19V and divided .
into four ph'ases of infection, provisionally named Groups I, I1,
III, and IV (see Table l).Thé regression line was drawn using

- only 53 samples except for eight-donations of Group IV (viral

load <4 log IU/mL) and 40 donations with CLEIA value of 2000

COI of the full-scale range.

genotype panel {Genotypes 1, 2, and 3a)*® and 6.4 log

IU/mL with B19V DNA-positive donor samples. The FDA
recently recommended that manufacturers of plasma-
derived products implement the following procedures to
detect the presence of BI9V DNA: 1) B19V NAT for all
plasma-derived products should detect all known geno- -
types of the virus. 2} The viral load of B19V DNA in the
manufacturing pools does not exceed 4 log IU/mL.*2 In
2008, serologic BISV screening at the JRC was switched -
from the conventional agglutination method (RHA).to the -
CLEIA‘method to improve sensitivity. Since source plasma
for plasma derivatives consists of plasma from nonremu-
nerated voluntary donors in Japan, -screening by the
CLEIA method also contributes to the safety of all plasma’
derivatives (Fig. 1). However, it was not clear whether the .
CLEIA-BI9V screenirig at the JRC Blood Centers can bean

: altemauve approach to: cornply with the two recommen-

dafions of the FDA.
- With regard to the first recommendauon by the FDA,’

.all three genotypes.of B19V have been reported to consti-

tute a sirigle serotype, while these three virus types differ

by approxlmately 10% to 15% over the entire genome.®
Since CLEIA-B19Visa detectmn system based on antigen-

antibody reaction, itis reasonable to defect all three gero- ‘

- types of B19V with almost equal sensitivity. For the second
- recommendation by the FDA, we medsured the B19VDNA
. loads in soutce pIasma for fractionation podled from
- "donors-in Japan natienwide. CEEIA-B19V: screening, and -

subsequent exclusion of B19V-positive units, has mark- ;

edly reduced the viral load (<4 log IU/mlL) in the pooled
 plasma. Therefore, the CLEIA-B19V is found to comply

with- two recommendatxons of the FDA as a screening
method. :
We prowsmna]ly divided B19V DNA—posmve dona-

“tions detected by CLEIA-B19V screening in Hokkaido into
_.the four groups based on the phases of infection. Group I __

and.II donations corresponded to garly-middle phase of
B19V infection that are highly virethic and are considered '

" to be reliably. detected- by CLEIA-B19V. B19V-positive

plasma Wwith high viral load has a greater risk.of cross-

contamnination on pooled - NAT screening, especially = .
during epidemic season. If B19V NAT screening is intro-

duced, CLEIA-B19V screening has the advantage of being
able to exclude B19V-positive plasma with high viral load

.such as the Group I and II donations before pooled NAT

screening. Highly viremic B19V-positive blood donations
(Groups I-II) were detected in 93 (0.009%) blood dona-
tions in-Hokkaido from Rebruary 2008 to Septernber 2011.
In a recent report from the Netherlands,? the prevalence
of B19V with high titér (>6 log [U/mL) was 0.006% (411/6.5

~million) of all Dutchi blood donations in the years 2603 to

2009. Likewise, from the United States, the prevalence of
B19V withrhigh titer (>6 log IU/mL) was 0.016% (2/12,529)
from 2000-to 2003.%! These recent incidences, using large
blood donations, are very similar to our data from Hok-
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TABLE 2. Contaminatlon of B19V DNA in source plasma for fractionation pooled from donors throughout Japan

Number (%) of batches of plasma pools”

B19 DNA load (log lUImL) Tota) Screened by RHA

. Screened by RHA or CLEIA-B19V

Screened by CLEIA-B19V

% 74 74 (3.5) 365 0(0) 4 0 (0} o
5 to <6 o 118 118 (5.6) (17.2) 00y 2.2) o () ™
410 <5 N Ve 173 (8.2) < 4(2:2) . o :
3l0<4 , 355 334 (15.8) 6(3.3) 15 (1.9)

‘216<3 . 278 232-(11.0) 10 (5.5) 33 (4.5)

<@t 2073 . 1187 (56.0) 162 (89.0) _ 724 (93.8)

Total . - ‘ 3072 2118 182 = 7

T Less man the fimijt of detection or quanhiat:on .

* Each balch of source plasma contained pooled plasma consisting of approximately 5000-10,000 plasma bags stored for more than
"6 months (inventory hold) from nonremunerated voluntary donors from 2003 to June 2011 in nauonwnde Japan. ‘

Fig. 4. Phylogeneuc tree constructed by the neighbor-joining method based on the partial nuoleotldesequenee of the NS1.VP1u .
' region 684 1) of B1SV among blood donors in Hokkaido (Apnl 1996- September 2011). Genotype 1 is represented by the prototype
- strain Au (DDB]’IEMBIJGenBank Accession Number M13178). I_.lkemse, Genotype 2, AG (AY064475), Genotype 3, V9 and D91.1- o
(AX003421 and AV083234, respectively). Bootstrap values of greater than 70% are indicated for the major nodes asa percentage of
the data obtained from 1000 resamplings. All 198 strains (HPO01-198) sorted by donation date from blood donors in Hokkaido '
were segregated into Genotype 1. The 198 strains of Genotype 1 were at least divided into three minor. subgroups, provusnonally
: named Subgroups 4, B, and C. Major strains from-donors during two recent outbreaks of erythema, infectiosurmn in 2007 and 2011
were segregated into Subgroup B: n.stensks indicate strains obtained from ddnors during epidemic season of 2007 ™ and of 2011

9.

L.
'

“aido. In Japan, the epidemic cycle for symptomatic BiSV

1hfect10n, which correlates with.an increase 0ofB19VDNA-

positive dénors, has been: reported to oceur atintervals of

"~ 4 to 6 years,. as in the Netherlands.#% During the B1gV "

-epidemic season in Hokkaido, many B19V strains were
found to share 100% nucleotide identity. Desp1te almiost’
the same epidemic intervals between Hokkaido and

. " nationwide in Japan, it is of interest to discover whether a
- similar trend will be observed in other parts. of Iapan. .

¥ In contrast to Groups I and II, the antigen detectioni

. by CLEIA-B19V may be unstable in the presence of excess

-of antlbodles in the-Group III sarnples. In fact, there was a

considerable variation in the CLEIA-B19V values, espe-

cially in donatioris with B15V DNA around 7.log T/ mL.
" Thus, not all donations with such a level of DNA around 7
log IU/mL may be detected by CLEIA-B19Y; although the
sensitivity of CLEIA- B19V is inferred to be apprommately

6.4 log IU/mL. So far, however, in plasma pools consisting
of approximately 10,000 bags from donations th:oughout‘_

"Japan, there were none exceeding the limit (4 log IU/mL).

Since batches of pooIed plasma tested contain almost.

exclusively plasma from the latest epidemic season in
Japan, the B19V DNA load in all the plasma pools from
donors throughout Japan is unlikely to exceed the 4'log
IU/mL limit in the future.

Group IV corresponds to the late-terminal phase of
infection with low viral loads (B19V DNA < 4 log [U/mL).
There is an apparent difference in the reactivity of CLEIA-
B19V between Group IV and Groupsl to IIE. CLEIA-
positive results in Group IV samples can be regarded as
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‘likely fo be ponspecific, with the exception of one donor

whose virai load was 81og IU/mE. Matsukura and cowork-
ers® reported that B19V infection continued- over a long -

" period (approx. 2-4 yeats) in infected blood donors

without symptoms of B19V; although they retamed high
levels of IgG anti~B19V and Jew viral load that may not be

. detéctable with CLEIA-BISV. Moreover, we showed that
.3.1% of CLEIA-B19V-negative blood donations were posi-
- tive for IgG anti-B19V and low viral load of B19V. The 316

CLEIA-B19V-positive and B19V DNA-negative samples
are regarded as CLEIA-B19V nonspecific, similar.t6 most

" of the Group IV donations. For thesé reasons, eight (2.5%) .
- donations of Group IV were considered to.be the blood

:

donors with low levels of BI9V'DNA, which were likely to

‘also exist at a constant rate among samples with nonspe-

cific reaction of CLEIA-B19V, while the rate varies depend-.
ing on the different periods or populations. Despite
CLEIA-B15V. nonspemﬁmty. many such donors are repeat-
edly reactive. Apparently, B19V-reactive- MoAbs ‘used in
the assay may pick up some unknown cross-reactive anti-

_.gens in plasma, while the dctual nonspecificity (0.03%} in

routine screening is lower than that (0.15%) with the use of
671 B19V DNA-negative samples in preliminary. studies

. before the mtroducuon of CLEIA—BISV (unpubhshed ’

data).
Although Genotypes 1, 2, and 3a of B19V panel
samples aré detectable by the .CLEIA-B19V, Genotype 1 -

. was the only strain circulating in Hokkaido over the past ‘

15 years. At the moment, Genotype 1 is the most common
genotype in the world, but Genotype 3 has recently been
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also detected in the United States®™ and many other coun-

tries.”® According to the retrospective study® of another -
medical institution in Sapporo, Hokkaido, 104 B19V DNA -

samples were analyzed from the patients during the past
*28 years, and all strains were segregated into Genotype 1.
The two drastic alterations of endemic strains of B19Vv-
occurred in the late 1980s and the late 1990s. The latter
corresponded to a period of change from Subgroup A to

Subgroup B in the present study. These resuits suggest that

* Genotype 1 of B19V was one of the dominant strains cir-
culating in Hokkaido over the past 15 years. Two strains in
Subgroup C, sporadically detected only in 2008, were
unlikely to bé strains circulating in Flokkaido.

‘ Because most samples corresponding to Groups I
and IV, with BISV DNA less than approximately. § to
6 log [U/ml, in. general, contain & high titer of B18V-
neutralizing antibodies, a viral load of approximately 5log
IU/mi. was starting to become accepted as an infectious

threshold level for transfusion-transmiitted B19V infection .

(TT-B19V).3%5% Hourfar and colleagues® reported that
B19V DNA was not detected in 16 recipients; where the
viral Ioad in the donors was below 5 log IU/mL, whereas

" B19V DNA was confirmed in 9 of 18 recipients who were

. transfused with blood .products with. B19V viral. load

. greater than 5 log IU/mL. However. Satake and col-.
leagues¥ reported five established and three probabie.
‘TT-B19V cases before introduction .of CLEIA-BISV in

‘iIapan "One estabhshed and one’ probable case were -

caused by blood with viral load of approximately 3 log.
IU /mlL. Of eight blobd components that caused TT-B19V;
" seven were the type of Group III and one was of Group II.

Although CLEIA-B19V can reduce the risk of TT-B19V
. caused by blood with B19V DNA load exceedirig approxi-

_ mately 6.3 to 6.4 log IU/mL, the sensitivity in CLEIA-B19V. __

screening-'is still insufficient to completely prevent

TT-B19V by blood for’ transfusion. In fact, the first case of

the established TT-B19V after introduction of CLEIA-B19V

‘was retently determined in japan (unpublished data), - '
. Therefore, the sensmvxty "of CLEIA-B19V.should. be .

*.improved in the future, otherwise selective screening
should be advocated in blood products for high-risk
recipients such as hemolytic anemja patients, immuno-
compromised patients, and pregnant women. Alterna-
tively, a combination of a new serologic screening system

* . for IgM anti-B19V to completely eliminate the samples of
Groups II and Il may be one of the strategies for preven- -

" tion of TT-B19V.
' The two new genotypes of B19V, Genotypes 2 and 3,

have not been detected among blood donors in Hokkaido

. over the past 15 years. However, B19V is mainly transmit-
ted via the respiratory route, and in the future, Genotypes'
2 and 3 B19V could potentially spread as an imported
infectious disease in Japan. Therefore, continuous moni-
toring is necessary to detect all three known genotypes,
while the result that all known genotypes of B19V are:
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detectable by CLEIA-B19V has great significance for blood
safety. According to the proposal by Koppelman and col-
leagues,® B19V NAT for screening of plasma for further -
manufacture requires thorough evaluations to prove that
the clinical sensitivity is high and all variants are detected.

In conclusion, CLEIA-B19V has greatly contributed in
the reduction not only of the viral load of B19V in pooled

' plasma, but also the risk of TT- B19V in blood for transfu-

sion. Moreover, this study shows that CLEIA-B19V screen-
ingin Japan can comply with recommendations regarding
B19V in the United States and Europe. Although-a devel-"-
opment to enhance sensitivity in CLEIA-B19V for preveni

“tion of TI-BI19V is needed, even if the novel variants of

B19V emerge, as long as the antigenicity has not greatly
changed, CLEIA-B19V is still likely to be an appropriate
serologic method for blood screening with donations
havmg variants of B19V. .
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OTHER VIRUSES

Studies on the inactivation of human parirovirus 4

Sally A. Baylis,* Philip W, Tuke,? Eiji Miyagawa,® and Johannes Bliimel'

: BA"CKGROUND. Human parvovirus 4 (PARVd} is a

' novel parvovirus, which like parvowrus Bi1g (BtQV) can
be a contdminant of plasma pools used to prepare
plasma-derived medicinal preducts. Inactivation studies .
of B19V have shown that it is more sensitive to virus
mactlvatron ‘strategies than animal parvoviruses.
However, maotlvatron of PARV4 has not yet been spe-

* cifically addressed
STUDY DESIGN AND-METHODS: Treatment of

parvoviruses by heat or low-pH conditions causes

" externalizalion of.thé virus genome. -Using nuclease
treatment combined with real-time polymerase chain
reactlon, the extent of virus DNA externalization was -

" used as.an indirect measure of the inactivation of -

* PARV4, B19V, and minute vrrus of mice (MVM) by pas-

teunzatlon of atbumin and by low pH trealmenl Infectiv-

.|ty studles were performed in parailel for B19V and
MVM. : :

"|. RESULTS: F‘ARV4 showed greater resistance to pas-

teurization-and low-pH treatment than B19V, although
" PARV4 was not as resistant as MVM. There was az-to
" 8-log reduiction of encapsrdaled PARV4 DNA aiter pas-

teurzation and low- -pH treatment In contrast, B19Y was o

'effecllvely inactivated while MVM.was.stable’ under
these conditions. Dwa!ent cations were found to have a

stabrhzmg effect on PAFtV4 capsids. ln The. absence of

. dwalent caltons éven af neutral pH, there was a ‘reduc-
S tion of PARV4 tater, an etfect ‘not observed for B19V or’

MVM.

‘ CONCLUSION. n the case of heat tredtment and Incu-

-batron at'low pH, PARV4 shows intermediate resistance
wheh cornpared to B19V and MVM. Divalent cations-
" seem lmportant for stabrlrzung PARV4 vitus- parhcles

44

uman parvovirus 4 (PARV4) was first detected
in 2005, in plasma from an intravenous drug -
" user (IVDU) with general sympioms of viral
: disease.! Since the discovery of PARV4,
related viruses, termed hokoviruses, have been identified

in cows, pigs, and wild boar, with further homologs found

in sheep and bats; Viruses more closely related to PARV4,

_ have also been found in primates.*” While little is under- -
* stood about the biology of these vixuses, they cluster in a

distinct group compared with other members of 'the
Paryaviridae and a  new. genus, tentatively named
Tetraparvovirus, has beeh proposed (S. Cotmore, personal

' commiinication, 2013), PARV4 demonstrates many of the *
~hallmarks of parvoviruses. Both native and recombiniant
- PARV4 particles have a diameter of 20 to 25 nm, consistent

with that determined for other parvoviruses.®!° The PARV4
genome contains two main open reading frames and has

been shown to ‘encode a nonstructura.l protem and two ‘
‘capsxd proteins, ! Although not based on full dength -
" sequences, analysis of the PARV4 genome indicates that -

the two ends of the viral DNA "are related by ‘inverted

terrmnal repeats centamxng Tepeated heptanucleoude -

sequences in the hairpin stems similar to those found in

.the inverted terminal- -repeats of avian- parvoviruses, 2 _
- PARVY; like human parvovirus- Bi9 (Bi9V), packages both -

pasmve and negativé DNA strands-into virions."*
" Using a virus dLscovery techmque based on amplifi-
cation of nucleic acids that are not freely accessible to

ABBREVIATIONS: B19V = parvovirus B19;
IVDU(s) = intravénous drug user(s), MVM = ‘minute. virus of

" tice; PARV4 = humian parvomrus 4 qPCR quandtattve

polymerase cham reaction.
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nuclease digestion, PARV4 was identified during a study of
patients with acute viral infection syndrome, after high-
‘tisk behavior for human imimunodéficiency virus (HIV).L
This initial PARV4-infected individual was an IVDU
coinfected with hepatitis B virus, Several studies have sub-
_ sequently found PARV4 in IVDUs in Europe, Asia, and the
United States as well as in men who have sex with men

and febrile patients.’* Such cases are indicative of blood- .

borne transmission of PARV4, and the virus has been
detected in blood donors, for example, in the United
States, South Eagt Asia, and Europe.’®* The prevalence of
PARV4 in donor.populations is not well understood -and,

~ . for example, studies iri France have shown dx&"erences in

' the prevalence of PARV4 DNA in donors, from 0% to 24%
: wh1ch may be due to lack of standardization of detection
methods or differences in virus ep1demmlogy2°2'

The virus has been detected in plasma pools used in .

the manufacture of plasma-deérived medlcmal products,

particulacly those from the United States and also Asia (S.

- Baylis and J. Bltimel, unpublished observations)#23 a.nd-

_also in a§soc:1at_ed clotting factor concentrates, that is,
préeparations of Factor {FVIIl and FIX*®* Products

manufactured in the early 1970s were found to be positive .

for PARV4, and in general, older concentratés were found

_to be mare frequéntly contaiminated with PARV4.2¢ A study -

- of recently manufactured concentrates (FVIL and FVII.

or von Willebrand factor) commercially available in

PARV4, porcine holcovv:us. has also. been 1dentlﬁed in
" porcine FVIII concentrates.?’

The consequences - for rempmnts of PARV4-

éontammated products arenotwell ‘understood. However,

PARV4 DNA hasbeen detectedm persons with hemophilia '

-.angd there is increased PARV4 seropositivity in _persons -

with hemophlha- (HIV and/or hepauus C infected) treated

nonhemcphlhat: siblings of these pdtients were found tobe
seronegative, despite having close household contact.®H A

retrospective study of persons with hemophilia, treated

" with virally inactivated clotting factor concentrates, has
demonstrated. inféction of patients by analysis of anti-

PARV4 mununoglobul.mM and viremia, with rash and -

exacerbation of hepatms being the most common clinical

" presentations.?® The implicated products, administered .

‘before 1993, had been treated with solvent/detergent (S/D)

. or were heat treated. Since PARV4 is a nonenveloped -

parvovirus; $/D treatment would not be expected to be .

effective for virus inactivation. .
. It is now well established that B19V has a d1fferent
'susceptlblhty to pasteurization and low-pH treatment

in contrast to model- parvoviruses, such as porcine.’

parvovirus and minute virus of mice VIVM), which have
all .been used in virus inactivation studies.®*° Therefore,
we have performed experimental studies to investigate
“the inactivation of PARV4 and compared this to BigVand

i
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MVM. As no permissive cell culture systems for PARV4 are
available to investigate virus inactivation, we have devel-
oped an im vitro assay to determine the sensitivity of

PARV4 to pasteurization (wet heat treatment) and low-pH -

treatment. The assay is based on the observation that,
upon heating or exposure to extreme pH, structural
changes in the capsids result in the externalization of the
genomes of parvoviruses such as B19V and MVM. Extér-
nalized DNA can be digested by nuclease treatment, while

encapsidated DNA is protected from digestion. The extent’
" of genome externalization has been shown to' correlate .

with:loss of infectivity of BLOV and MVM. -2

MATERIALS AND METHODS

Viruses and-cells ' s ‘
" For PARV4 and B19V, virus stocks were Viremic plasma

donations. The Genotype 1 PARV4 strain has been

previously described.?, The B19V.strain, termed DRKL

(Genotype 1 B149V), was prowded by WK. Roth (German’

‘Red Cross, Héssen, Germany). Stocks of the p-strain of

MVM (ATCC VR-1346) were prepared in A9 munne fibro-

blast cells (ECACC 85011426) B19V 1nfec|1v1ty studies -
. were performed using the buman erythroid cell line -
. KUB12Ep6:*- MVM _ infectivity assays were performed '
" using A9 cells, Infectmty assays for B19V-and MVM were "

: : ) - . rf viously.d 0
" Gertnany failed to detect PARV4.2 The porcine lomolog 6f ~-performed as prev Ouf ly:described.

Pasteurlzatlon

. Commermal 5% human, serum albu.mm was heated to
- 59°C in an Eppendorf 5436 thermoblock (Eppendorf,

- Hamburg, 'Germany). The temperature was measured

‘throughout the experiment by moniforing an unsplked '

< with, .nonvirally_ mgguva,gsi FVIIL. anAd FDQ whereas. .. alburnin sample mcubated in parallel using a calibrated

thermometer. Volumes of preheated ‘alburmin were spiked
separately w1th B19V, PARV4, oxr MVM. Samples of B19V

. and MVM were titrated for' infectivity using' KU812Ep6 _' :

cells and A9 cells, respectively, In addmon, samples of all
three viruses were treated w1_th___nuclease and assayed for
DNA concentration as described below:

‘Low-pH treatment
"Virus was spiked into phosphate-buffered saline (PBS) -
and the pH was adjusted with 1 mol/I, HCl to the target -

pH and the sample incubated at 37°C for the specified
‘period of time. Samples were withdrawn and immediately
neutralized with 1 mol/L NaQOH, buffered with phosphate
buffer (100 mmol/L, pH 7:4) and subjected to virus titra-
tion using susceptible cells (B19V and MVM). At the speci-

" . fied rimes, samples of all three viruses were taken and .

subsequently treated with nuclease and assayed for DNA

content as described below.

45



Controls

Contrals for cytotoxicity and mterference were performed

as previously described.® In each virus experiment, the
- titer-of B19V -or MVM stock was verified by titration on

KUB12Ep6 cellé or A9 cells, respectively. In parallel to each -

inactivation experiment, the test matrix was splked at
room temperature (heat inactivation) or at neutral pH
(low-pH treatment).

_Ana[ysns of virus DNA

Samples of each preparatron (200 uLJ were trea.ted w1th_ :

250 units of nuclease {Benzonase, Novagen, Darm-

‘stadt, Germany)-with MgCl, at a final concentration of -

- 2 mmol/L. and incubated at 37°C for 1 hour. Conirol
samples were incubated in the absence of enzyme. Imme-_
-~ diately after incubation, samples were extracted using a
DNA Blood Mini Kit (QIAamp, Qragen GmbH, Hllden. ‘
Germany). ‘

Quantlﬁcé.tmn of virus DNA was performed using '

. real-time polymerase chain reaction (PCR); primiers and
- probes have been prewously described, %5 Amplifica- .
- tion reactions were- performed using the LightCycler -
* FastStart DNA MasterPLUS HybProbe kit.(Roche Applied
Science, Mannheim, Germany). Primers were used at a

T concentratron of 0.5 pmol/L; probes were used at a con-
' centration of 0.1 or- 02pmulIL {for MVM and B18V/ .
- PARV4, respecuvely} All assays were performed usingthe

.+ LightCycler instrument - (LightCycler 1.5, Roche Apphed _
" Science). The amplification conditions were as follows
95°C for 15 minutes. and then 45 cycles of the followmg

sequential steps: 95°C for 15 seéconds and 60°C for 1

- minute. Fluorescence data were collected during the

- combined. annealing and extension step and detected in .
" Channel F1. Data analysrs was perfonned vsing Channels ,
‘Fl.and F2.

. Standard curves for . real time PCR were created by
‘dilution of stock viruses in the respective experimental
matrix. The DNA titexs of the stock viruses were deter-
mined by comparison to the srgna.l generated from a
Icnown conceniration of target DNA. This was obtamed

: by taking amphﬁed DNA, from the respecﬂve viruses,
" which had been punﬁed using a spin procedure
(QIAquick Qiagen GmbH). The DNA coricentration was
. determined using a spectrophotoreter (NanoDrop
NID-1000, NanoDzop Technologies; Inc., Wilmington, DE).
“The respective assays were able to detect at least 1000
copresImL of virus DNA.

RESULTS

- Inactivation kinetics during pasteurization
Pasteurization of plasma protein solutions such as human ’

_ serum albumin is a well-established method prescribed in
various pharrhacopoe_ias and shown to be effective against

Inféctivity (log TGIDsgimL)
O A NW AN~ O

Nuclease-resistant DNA
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F:g. L. Inactivation of parvovlruses by heat treatment. [A)

Infectwrty analysls. Human albumin 5% was hcated to S56or
59°C and spikei 1:20 with B19V or MVM, respecr.ively. Incuba-

uun was continued and mfecuous titer was determmed at

various tine points by tiu‘atron of BISV on KUBleps cells or ’

-A9 cells. The starting point of i inactivation kinetics (0 ntin)
’ represents the mfectlous titer from a sample splked atroom.
rtemperature fB) DNA enCapsidatlon assay. Human albu.mm '
‘5% was heated to 59°C and spiked 1:20 with BL9V, PARV4, or :
L MVM Incubatlon at 59°C was conti.nued and the samples were
, treated with nuclease and extracted, and DNA. titers were

determined by qQPCR. () PARV4; (M) BLOV; (A) MVM; (- - -)

- lirﬁit of detection.

enveloped viruses. As was expected, immediate inactiva-

- ' tion of B19V was observed after inoculation of virus into
alburrun incubated at 59°C (Flg 14), In the case of MVM,

after the complete 10-hour incubation period, there was a
1.8-log reduiction in infectivity and the inactivation kinet-

"ics were very much slower,than was observed for B18V,

Cantrol samples, dilited in albumin and held at room
temperature for the duration of the pasteurization treat-
ment {10 hr) showed no loss of B19V or MVM infectivity.

. Investigation of the DNA externalization of B19V and
MVM was compared to PARV4 and to the infectivity of
B19V and MVM. For B19V, similar to the infectivity experi-
ments, the virus DNA was very rapidly reduced, effective

' reduction (in the order of 4 log) was observed after 30
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TABLE 1. Sens:tnnty of parvovirus DNA to nuclease after Iow pH

gation of the DNA externalization of the
panel of viruses indicated that while

] reduction was observed in the hold con- '

6 hours of Incubation at pH 3.5 at 37°C.

" Data are reported as log copies/mL. Parvowrus samples were spiked into the test
‘matrix (PBS without calcium and magnesium, pH 3.5, pH 4.2, or pH 7.0), and incuba-
tion eontinued at 37°C for up to 6 hours, The samples were treated with nuclease and
extracted and DNA titers determined by qPCR. The pH of tie controls remained stable

" throughbut the incubation period. [n paralle! experiments, B18V infectivity was immedi-
ately inaciivated upon pH adjustment, while MVM infectivity was unaffected even after .

trols maintained at pH 7.0 over a penod

contrast, it was found that levels of

or maintained: at pH 7.0 (Table 1); in_

‘minutes of treatment at 59°C and continued to decrease

. more slowly over the remainder of the 10-hour incubation
period (Fig. 1B). In the case of MVM, much more limited

'DNA reduction was observed {in the order of 0.5 log) with -

* véry slow kmetlcs over the, entu‘e pasteurization périod. In

.the case of MVM, experiments were performed. using
primers in the NS1 gene as well as the capsid gene.

" Extérnalization of parvoviriis DNA proceeds in a 3'-to-5'

direction, and since the original PCR. method 'Gargetecl the -

NS gené (which is at-the 5' end of the genome in
parvoviruses), the PCR was repeated i usmgpnmers at the

~ 3" eit o Tiiake sure thar tieelitive 's”tab‘ilitjf'of e MVNL 7
DNA was not due to.protection of the- ta:get region of the .
genome (e, the 5' end) by the virus capsid. ‘The same .

Testilts were observed whxchever PCR method was-used
for MVM- (clata ot shown) “The PCR: for BISV targets the

: NSI gene, whllethe PARV4 PCR targets a highly: conseived
. .region within the capsid_gene.. Inacfivation_of. PARV4, as _
determined by externahzatlon ‘of the virus DNA, pio-~
.....ceeded. much. more slowly. than BI9V, s,tmh_tha.t_after..‘

1-hour incubation at 59°C, reductlon was less than 1 log

. After -10 hours; there: was a 2.6-log: retuction’in PARV4.

DNA after incubation in albumin-at 59°C, far less than was
observed for B19V, but greater than MVM.

Inachvatlon by {ow -pH treatment and dlvalent
catlon dependence for PARV4 stability

Because of the wide use of a. variety of plasma. product—-
specific low-pH treatment steps for virus inactivation, the
susceptibility of the panel of parvoviruses to low-pH treat-
‘ment was investigated by spiking viruses into PBS and

adjustment of the pH, before incubation at 37°C for up:to
6 hours. In the case of B19V, there was an almost immedi-- .

ate loss of infectivity at pH 3.5. upon acidification of the
- PBS, while there was no loss of MVM infectivity everi after
prolonged incubation (data not shown). Control samples,
diluted in PBS (pH 7.4) and held at 37°C for a period of 6

hours showed no loss of B19V or MVM infectivity. Investi--
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some experiments even spakmg of,

PARV4 into buffer solution at heutral pH caused a
decrease in titer {data not shown).”

In the initial expenments mvestlgatmg low-pH. ihac- -

'uvatmn (Table 1), Dulbécco’s PBS (rnodified w1thout

__treatment there was no loss of DNA titer in the case
Trealment BISV (@5  PARV ;gms (pPHi)xHV4 42) MM (35 - of MVM, with B19Y, there was a very -
Lrealmen (85)  PARV4 (35 PARV4 {4.2) - MBS | rapid decrease as the DNA was external-
0 min (- nuclease) 9.1 8.0 78 9.6 ized dered ibl le:
10 min (+ nuclease) 5.2 6.0 7.3 9.6 ized and rendered susceptible to nucle-
2 hr (+ nuclease) 5.3 6.4 7.5 8.5 ase digestion, a pattern that reflected .
6 hr (+ nuclease) 4.7 63 7.5 8.7 the virus infectivity data. (Table 1). No. -
6 hr (+ nuclease), pH 7.0 8.9 6.2 B.7 9.4

of 6 hours for either B19V or MVM. In

PARV4 DNA declined to a similar extent
whether subjected to low pH treatmnent .

calcium and magnesium) had been used. Further experi- °
ments were performed and it was found that using

Dulbecco’s PBS* containing calcium “and magnesium

helped to stabilize the PARV4 capsnis such that after2 : -

hours of incubation at pH 3.5, there was ng loss-of: DNA

" titer compared to a 1.6-log. titer in samples_ incubated in N

the absence of divalent cations (Tables1 and 2). This -

iniprovemment in"PARVY stabilization was observed wit~ = "~ - - 3
.. both types of divalent cation when PBS: ‘was prepared with

 either calcium or magnesium alone, a.lthough Dulbecco’s

R -

tive. In the: case of PBS containing just divalexit calcium

) PBS containing calcium and. magnesmm was more effec- -

. ions, although some loss of PARV4 DNA. (in the order of 0.5 -
log) was observed at neutral pH over the _G__houl:_lncuha :
tion period, there was a greater loss of titer {approx. 1.5
-...l0g). under _acidic conditions after.6. hours. of treatment

suggesting that the additional loss i DNA titer was due ’

to the reduction in ‘pH (Table 23 sumla: results were
observed for divalent magnesmm catmns

DISCUSSION

In the case of parvovn:uses, 1t was originally beheved that' ‘_
pasteurization was ineffective in inactivating this family of -

nonenveleped viruses. This presumption was based on

.the use of animal panrovuuses, 1nclud.mg MVM and:
- porcine, parvowrus, as models to evaluate the eﬁicacy of
virus inactivation techniques. Once infectivity ‘assays for

B1SV were developed, studies demonstrated that this

virus was far more sensitive to vifus inactivation proce-

dures such as pasteurization and low-pH treatment, used
in the production of plasma desivatives, than the model

animal viruses.?®® It has been well documented that B19V -
. is a frequent contaminant of plasma fractionation pools;

however, more recently, PARV4 has also been found to be

47



PARV4 INACTIVATION

TABLE 2. Dwalent cations help stabilize PARV4 DNA at low-pH treatment (pH 3.5, at 37°C)*

V’rusldlvalent cation(s) )
PARV4 Ca™

Treatment B19V/ICa* PARV4/Ca? B19ViMg? PARV4/Mg® and Mg
0 min {- nuclease} 10.1 - 87 99 .82 82 -
2 hr (+ nuclease) : : C ‘
" pH 35 5.3 7.7 5.4 7.3 8.2
pH7.0 " ND ND ND ND 8.4
6 hr {(+ nuclease) - . ' ' ‘ .
"pH 3.5 5.4. . 7.1 59 68 - . ND
pH7.0 - | . 10.3 8.1 10.5 ’ ' 7.3 . ND

respectively.
ND = not determined.

"+ Dala are reported as.log copiesfmL. Samples of B19V or PARV4 were.spiked into the test matrix (PBS containing calclum, magnesium, or
both calcium and magnesium, pH 3.5 or pH 7.0), and incubation continued at 37°C'for up to.6 hours. The samples were treated with nucle-
. ase and exiracted, and. DNA titers were determined by qPCH. The calcium and magnes:um concentranons were 0.9 and 0 5 mmolil,

present in some pools and older clottifig factor concen-
trates.!*1%:% The oldest concentrates in which PARV4 DNA
could be readily detected were prepared by simiple

cryoprecipitation—the earliest lots tested dated to the -

early 1970s.%* Nevertheless, PARV4 DNA was also detected

in concentrates manufactured by a mixture of precipita~. -

© tion and aclsorptxon and subject to ‘different types of wet
' Aand dry heat treatments during the 1980s.% PARV4 DNA
was detected more rdrely in concentrates- -manufactured
since the mid-1990s where manufacturing methods were
refined and regulatory requiréments more stringent to

eensure ‘at. least’ one effective step for the reduction of ° "

o nonenveloped viruses and two for enveloped viruses, 225
The probable ‘transmission. of PARV4 by older concen-

trates has subseque_ntly been J:eported the implicated

concentrates were wet (pasteurization at 60°C} -or dry
{typically 80°C) heat treated, and a srnall number were

purified by affinity chromatography using-sp ecific mono-- ‘

" ¢clonal antibodies.?® A clear role for PARV4-in human

disease remains to be defined ‘and contamination of- -

plasima fraction pools cannot be excluded since nucleic

acid test screening for PARV4 is not performed; therefore,
it is of interest to evaluate the susceptibility of PARV4 to -

differeit inactivation strategies used during the manufac-
ture of plasma derivatives. -

The tropism' of ‘PARV4 is unknown and efforts to
culture PARV4-in a variety of cell linés mcludmg human
fibroblasts and hepatdcytes as well as marrow and hema-
* topoietic cells have been .unsuccessful (S. Baylis and J.

_Bliimel, unpublished observations; K. Brown, personaj -
' communication, 2013). Because there is currently no cell . .

culture system available for PARVA4, an in vitro assay was

“developed wheréby inactivation is lnd1rectl},_r measured -
after tredtment of the sample, and a combination of

nuclease treatment and quantitative PCR (gPCR) have
_"been used to investigate levels of virus DNA reduction.
This assay makes use of a phenomenon that application of
heat or low-pH treatment, for example, cause alterations
in the capsids of parvovirus particles such that the
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'N-terminus of the VP] protein become exposed and sub-

sequently the virus DNA is extruded from the intact
capsids.®¥ Using this assay system it was found that™

" PARV4 showed intermediate resistance to pasteurization
‘of albixmin when compared to B19V and MVM. In parallel

infectivity experiments, B1SV -was inactivated almost

‘immiediately and this observation correlated well with the

reduction factors observed for the DNA titers. In the case
of MVM, the loss of DNA titer was in the order of 0.5 log
after the full 10-hour treatment period this ‘correlated -

- . with a 1.8-log loss of infectivity. It is Tikely that the initial

changes to the VP1 capsui protein, resulting in exposiire of
the N-terminus of the VP1 protein, may in turn cause the

. greater observed reduction in. infectivity in"the case of
‘MVM compared to the redtction in the DNA titer. This -

phenornenon could be explained by the nghter associa-
tion of the MVM genorme with the virus capsid compared

" with B19V—where under more exireme conditions, the

B19V genome can become completely dissociated from

. the virus capsid:3** For PARV4, a 2.;6-log redfuction in DNA .

titer was observed after thé 10-hour incubation. Given the

- virusloads of up to'7-log copies/mL of PARV4 DNA poten- L

tially present in fractionation pools and more than 5 log
copies/mlL present in, for'example, some FVIII concen—
trates, some residual virus infectivity might be éxpected, -

‘which would. be’ in.agreement with the transmission '

of PARV4 by pasteurized clotting factor concentrates,.

" manufactured inthe late 1980s and early 1990s when

PARV4-contaminated.concentrates were more frequently

‘identified %% The sensitivity of B19V to wet heat treat-
_ment can be affected by the composition of the solution

and the presence of stabilizers.® Similarly it might be
expected that stability of PARV4 is affected by the product
matrix. In the study by Sharp and colleagues®®in a single
case,; PARV4 also appeared to have been transmitted by
dry heat-treated clotting factors, and again dry heat treat-
ment may not always be so effective for inactivation of .
B19V. While there is evidence of inactivation of B19V by

neutralizing antibodies present in pools with low viral
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loads, nothing is known about the levels of anti-PARVY,

which might contribute to virus neutralization. Given the

frequent identification of PARV4 coinfection with other
blood-borne viruses such as HIV and hepatitis C virus,
‘removal of plasma units contaminated with such patho-
-genic viruses by donor screening may hzive'led to the
apparent reduction in PARV4 contamination of plasma
fractionation poels.Y

Investigation of the sensitivity of PARV4 to low-pH
treatment identified the importance of divalent cations in

the stabilization of PARV4 virus particles. The absence of :

divalént cations caused instability of PARV4 even at
_neutral pH; addition of low concentrations of divalent
cations helped to stabilize the virug particles. In the case of
‘B19V, reduction of both infectivity and DNA titer occurred

very rapidly; in contrast, MVM was completely stable at_

pH 3.5 at 37°C with no loss of either DNA titer or virus
infectivity. Therefore, it might be expected that PARV4 will

demonstrate some loss of infectivity under these cond1-

tions. Although the pH 3:5 at 37°C represents more strin-
gent corditions than. those used for the manufacture of

.. plasma-derived immunoglobulin products, the pH 4.2

data’are within the pH range commonily used. Various
manufacturing processes are employed with pH values

" ranging from 4.0 to 4.5, temperatures between 4 and 37°C,

and incubatibn times between 6 hours and_28'days._lr_1c1.1_-
bation at 37°C is usually at pH 4 for not more than 24

*hours while inciibation it Iow feinperitire’ heeds to be™ """
extended up to-21 days-to-achieve effective virus reduction-

of B19V.* Although it is difficult-to extrapolate the reduc-

" tion data from this study to specific products, it seems -
questionable ‘whether PARV4 is inactivated’ by-siich

procedures.

Studies ofMVM have.revealad that the_mrus ran be.._.

destabilized by the addition of EDTA, such that incubation’

B 370G, at pH 7.2.causes extmsmn of. munhuoffthe,mral,,.
genome.® Divalent cauon—bmdmg sites in the MVM par-. -

.ticle are critical for genome retention and likely play a role
in vivo zelating to virus packaging and uncoating. Certain
capsid. mutations .in MVM alter thé méchanism of
genomic DNA release and are honinfectious at 37°C, but
. infectious at 32°C.** Some parvoviruses, including PARV4,
encode an additional protein—-small alternatively trans-

lated protein, overlapping the amino-terminal portion of-

the VP2 ORE* In the case of porcine parvovirus, small

alternatively translated protein has bgen shown to

"colocalize with calreticulin, which acts as a calcium store

and is located in the membranes of the endoplasmic |

reticutum.* Until a suitable cell culture system becomes

available for PARV4, similar studlies will not be possible;

nevertheless, divalent cations clearly play an important

role in the structural integrity of virus particles. It will be .

-important to define the tropism of PARV4 in the future and
to evaluate different cell cultire systems for the propaga-
_tion of this virus.to better evaluate virus reduction strate-

2590 TRANSFUSION Volume 53, October 2013 ,

-gies whether it is for the manufacture of plasma

derivatives or for blood components. The implication for )

recipients of PARV4-contaminated products is still uncer-
tain, particularly since the role of PARV4 in human disease
- has not been well défined. Recent studies have detected

_ -PARV4 in-a small number of individuals with encephalitis

and also in fetal hydrops, but a definite association with a
specific pathology has yet to been.demonstrated. -
: In sammary, the results from this study demonstrate
' that PARV4, unlike B19V, is more resistant to virus inacti-
vation strategies used dunng the. ma.nufa.cture of plasma
derivatives. :
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‘e de transmission par le sang de la maladie de Creutzfeldt-]...  http:/, / ansm.sante.fr/S-informer/Actualite/Risque- N[Hg)bég_Eé;’gKU

Accueil > S'infarmer > Actualité > Risque de transmission par le sang de {a maladie de
Creutzfeldt-Jakob : évolution de I/ analyse de risque depuis 15 ans - Polnt d'Information

Risgue de transmission par le sang de la maladie de Creutzreldt-:ﬂahob
évolution de I'analyse de risque depuis 15 ans - - Point d'Information -

04/10/2013 .

Dans un article! 1 publié dans le revue Transfusion Cl:mque et Blolog:que, issu d'une coilaboration -entre
FANSM et la Faculté de Pharmacie de Paris, les auteurs retracent Févolution en France de I'analyse des
risques de transmission de Ia maladie de Creutzfeldt-Jakob par I€ sang et ses dérivés, entre 1990 et 2010,
‘Cette revue contribue & comprendre comment les données scientifiques pertmentes ont até explo:tees pous
construire cette analyse dans une perspective de décision de sante publique.

Le risque de transmission de la maladle de Creutzfeldt-Jakob (agent. infectieux transmissmle,
responsable d‘encéphalopathie spongiforme bovine - ESB), par le sang et les produits dérivés du
sang (notamment les medlcaments dérivés du plasma, tels que les-facteurs de la coagulation ou
- les lmmunoglobulines) a été au céntre des preoccupatlons des autorités sanitalres dés les années
~ 1980, avec un regain d'intérét-dans les années 1990 avec I‘apparition d'une part de | *épidémie de
- "vaches folles” en Angleterre et les premfers cas de varlant de la malad!e de Creutzfeldt—Jakob
(vMCJ) en 1996, ‘ ‘

Les auteurs, Marc Martin (ANSM) ‘et Jean-Hugues Trouvin (Universlte Paris-Descartes), rappeilent
- comment |‘analyse de risque a été conduite par les autorités francalses tout au long de’la période
.1990-2010, les hypothéses de travail qui ont été utilisées et révisées au fur et & mesure de -

- I'évolution des connaissances sclentlﬁques. A ce jour, 27 cas de vMC] ont été identifiés en France, ‘

-et les dernléres projections avancent qu'l pourralt y avolr au total une centaine de cas en France

_ sur une période de 60 ans. En ce qui concerne les produits sanguins Iab!les, le risque de
transrnlss:on est avéré, mals compensé par le bénéflce attendu d‘une transfuslon sanguiné..En
revanche, aucun cas de transmission avec des produits sanguins stables prépares sulvant les

:.'methodes de préparation mises en ceuvre én France depuls les années 90 n'a jusqu'icl été

" documentsé, ce qul corrobore les analyses de r:sque conduites depuls les années 2000 qui onit

" toujours conc[u aun rlsque extrememeni: Ilmlte avec les medtcaments dérivés du plasma, s ‘il

. eXiste, - : : .

[11 Rlsk of transrnlssion of Creu!zfeldt—]akob disease via biood and blood pruducl:s. The French rsk-anatysis over thelast 15
years .

" Risque de transmission de la maladie de Creutzfeldt-Jakob par Ie sang et ses dérivés. L‘anal'yse de risque Francalse au cours des
15 derniéres années M. Martin a,+, 1,-H. Trouvin.a,b Q1
a French Agency for safety of medkines and health products {ANSM), 143, bou!evard Anatole-France, 93285 Saint-Denk, France
b Untverslty Paris Descartes, School of Pf'iam-lan:yr 4, avenue de I’Observatolre;75006 Paris, France.
T_ransfusion Clinique et Blologique, Volume 20-,. Issue 4, Septerriber 2013, Pages 393-394

. -Publication en figne : http://authors elsevier.com/sd/article/51246782013004825
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Introduct:on

+ The prion dlscasc variant Crcutzfeldtjakob (VC_]D) was f.'u:st
identified in the UK in 1996 and was shown to repfesent the
human counterpart of bovine spongiform encephalopathy (BSE), a
consequence of the entry of contaminated beef products into the
human food chain- in the 1980s [1]. Up to August 2012, 227
clinical cases had been rcportcd across 12 countries, 176 ofwh:ch
were in the UK alone, 27 in France and 24 in the other 10
countries [2]. Although the incidence of food-bome vGID is
declining, secondary transmission of vGJD through blood trans-
fusion or tissue grafts continues to pose a gehuine risk to public

health. Several studies have now demonstrated the efficient

transmission of Transmissible Spengiform Encephalopathy (TSE)
by btood in non-human primartes [3] and in sheep [4,5]. Using
TSE-infected sheep models, several teams haye confirmed that all

PLOS ONE | www.plosone.org

blood compglién:s tan transmit the infectious agent 'through blood |
transfusion Into healthy sheep [5-7). Moreover, O. Andreoletti

et al, demonstrated that the transmission was highly efficient, as

0.2 ml of infected whole blood was sufficient to elicit the disease in

sheep [8]. On the issue of ransfusion risk, the United Kingdom
{UK) reported five secondary cases, four of which (three clinical
and one subclinical) were Likely associated with the transfusion of
nott leukoreduced red blood cell concentrates, The fifth case
concerned a patient treated with clotting factor FVIII manufac-
tured frorn the plasma of a donor who developed vCJD six months
after donating in 1996. However, the true size of the reservoir of
asymptomatic carriers, all of whom represent potential blood
donors, remains undetermined. Recently, taking into account the
existence of healthy carriers of vCJD, Gharske T. et al predicted
the number of vCJD cases associated with secondary transmission
-in the UK over the coming years will exceed the number of cases
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of primary transmission via contaminated food [9,10]. Interim-

data from a tepeat appendix survey have reported 16 positives out
- of 32441 samples leading to a prevalence of 1 In 2000 persons in

the UK population [11]. The introduction of a vGJD detection

assay could provide valuable informiation regarding the true
- prevalence of pre-clinical cases and help to prevent further cases
resulting froin blood transfusion transmission.

The major event in this disease is a conformational change of -

the normal cellular prion. protein (PrPS) into an infectious
" misfolded isoform (PrE™>") which accumulates as macromolecular
assemblies in the brain [12). At vanance with ‘sporadic forms of
Creutzfeldt-Jakob disease, vGJD PrPTSE accumulates not only in

- the brain but also in lymphoid organs [13,14], and. is probably .

present. in biological fluids.
. A femtomolar level of sensitivity — ie. 0.1 pg/mL or 10
infectious doses per mL: (ID/ml) — has been estimated from the

hamster model, as the minimum required to detect PXPTE in the .

. plasma’ of a donor at the preclinical phase of infeetion {15]. This

concenteation is very dtﬁ':cult to detect usmg classical PrPTSE -

-detection methods:

Accordingly, we have' been focusmg’ our attentmu on an

amplification technology called | protein misfolding cyclic amplifi-

cation (PMCA) developed by -C. Soto ctal f16]. In essence, .
. PMCA-fucilitates the conversion of PrP® substrate in the presence .
- oflow or undetectable amounts of PrPTE , tO achlcvc levels visible -

by convcntmnal laboratory methods such. as nnmunoblorung - This-

is achlevcd by subjecting samplés to' repeated and alternating.

.cycles of incubation thought to enlaige the PrPTSE seed, and
‘sonication thought to fragment if and generate néw catalytic units.
A serial PMCA method has been optimized for the high-efficiency’
amplxﬁcatmn of PP
mfcctcd samples [17-22). Hawever, ‘direct amplification. of blood

“requires targe sa.mplc volumes, but also to the presence of Blood-
associated conversion inhibitors that interfere with the amplifica-

" tion [18,23]. To circumvent this, a pre-analytical step is needed.to”

capture 1":'PTSB from blood sa.mples, in a specific manner, before
amplification, Magnetic beads can be cgated with plasminogen

* .which has been reported to bind prei'erenuarlly BPTE from

 multiple speéies including sheep and human [24—26] Plasminogeri

also has demonstrated the ability to sumulate prion conversmn" ]

“in vilro [27]

We designed a
detection of PrPTSS%
* plastinogen-coated” nanobeads  capture of PrPT™E from blood
‘components; 2) PpTSE amphﬁca.uon by serial PMCA; and 3)
. specific detection of - PrP™E by immunoblotting. As the number
" -_and volume of vGJDJ blood samples are very limited in the UK and
in France, assay validation was first undertaken on shccp bleod
samples collected at pre-clinical or clinical stages of scrapie. The
sensitivity and specificity of the te§t were then determined on
human vCJD spiked-plasma panels provided by the National
Institute of Biological Standards .and Control (NIBSC). After

aptimization of the different steps; this test reached both the 100% -
specificity and the sensitivity levels required for the detection of -

infectivity in asymptomatic carriérs.

Materials and Methods

Sample Preparations
Brain homogenatcs were provided by different teams: scrapie-
" infected transgenic mouse (tg358) brains (1278 strain [28] vCJD-
infected tg650 mouse brains {29] and null tg mice {Prap ~/ 7) were

PLOS ONE | www.plosone.org

E from different animal or human.TSE-.

E by PMCA has proved diffieult; mastly due-to-the difficulty.- -
in obtammg even minute: quantities of prions, which generally

c'PMCA-bascd confumatory test for the-
in blood, whxch compnses thn:c steps: 1)

PrpTE Detection in Pre-Symptomatic 8lood

from INRA (78350 Jouy-en-Josas, France); vGJD infected brain
homogenate (TBE) ref 05]18 'was from CHU-Lyon (Lyon 69677

Bron-France, France); and vGJD IBH Ref NHBY(0/0003 was

from NIBSC (Pottcrs Bar, UK). All the animal experiments made
to inoculate the mice and collect the brains at euthanasia were
carried out in strict accordance with EU directive 2010/63 and-

were approved by the INRA institution local ethics committee

{Comethea; permit number 12/034). -
Anonymized human whole bleed samples were collected in

"EDTA collection tubes (Etablissement Frangais du Sang ~

Pyréndes Méditerranée). Donor written consent had been
“obtained for their ufe in research in compliance with French
Law (code de la santé publique article L..1243--3) concérning Blood
and Tissue Samples for Non therapeutic Use. Sitce our study uses

" plasma only as diluent, it does not belong to the field of IRB

competence as defined in the French regulation, and- therefore

" does not require the approval of thé Bioethical Review Board,

Plasma was then isolated and recovered after centrifugation at
1500 x g-for 15 min at roorn temperatiire-(RT). '
Whole blood was alse collected from healthy {4) and. scrapie-

. infected sheep at preclinical {PG127 isolate at 120 days after oral

" challenge) (1) or termipal (natural scrapie) (4) stages of the disease.
Sheep blood samples were obtained from O.Andreoletti, (Institut
. National de la Recherche Agronomique/Ecole Nationale Vétér-

inaire de Toulouse — France) as part of a research agreement. The

. sheep expressed the V136R154Q171. allele of ovine PrP. Sheep -
- white blood cell (SWBC) samples were prepared from the buffy -
coat: (BC) fraction, obtained after centrifugation at 2000 x g for .

15 min at Room' Temperature (RT).. Residual’ red cells were
elimindted from the bully coat in buffer composed of 155 mM -

‘NG, 10 mM KHCOs, and 1 mM EDTA (pH 8) Aliquots of

107 phosphatc buffer sa.lmc (PBS)-clca.red SWBC were storcd at—

“T80°C.

Spiked plasma samples were prcpa.red as fo]lows 5[10 ul, of
healthy human donor plasma were spiked with serial tenfold
" diluitions {ranging from 107 to 10'_"’) of cither vCJD 10% IBEL

from affected patients or scrapie "10% 1275 IBH’ (1275

strain = mouse ada.ptcd PG127 isolate) from ovine tmnsgcmc mice

(12338 line).
Prion Protein Capture

capture of prion proteins has been reported by Fischer ¢f al. [24]. |
" Accordingly, ‘we used super para-magnetic nancheads activated
" with carboxylic acid functionality (for bead specifications see ref
0211, Ademtech - France), which were coated with human’
plasminogen (Fluka Sigma-Aldrich - France) by shakingfor 2 h'at
37°C. The optimal ligand quantity to. be used was evaluated by
testing three plasminogen concentrations: 10, 20, and 30 pg/mg of

beads (10 jg/mg being the lowest concentration recommended by -
- the manufacturer). Aftera blocking step with 0.5 mg/ml albumin
- solution at 37°C, beads were stored at 4°C in suspenswn at l%

(w/v} in the Ademtech storage solution. -
Splked plasma samples (500 pl} were mixed (1:1) with a [ysls/
ligation buffer (LB), PBS, 3% NP40, 3% Tween 20 before

incubation with the plasminogen'-coatcd beads at RT for 80 min.

Firstly, we evaluated the aptimal bead quantity to be used for’
each sample by testing several volumes of 1% bead suspension
{2.5, 5, 10, 20, 30, 60 and 90 pl). After washing with PBS, the
magnetic beads bearing PrPTF were isolated and PrPTS% protein
bound on beads was amplified by PMCA.

Different volimes 'of healthy and infected sheep plasma and
buffy coat were mixed with the LB buffer {final volume 1 mi)
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'Flgure 1. Ovine PMCA optimization. Tg338 1275 infected braln homegenate dilutions (10™* to 107'%) were tested using two- rounds [one

round = B0 cycles) of PMCA and detection was performed on PK-digested amplified products using western blot analysis with 6D11 as the primary -
antibody. Molecular weight. markers are shown on the right. NC: negative control, NeH only F10™% 10 i dllution without PMCA (Frozen)
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‘bcforc u;cubatxon with thc determined quantity of plasm.mogcn-

coa.tcd beads at'RT for 60 min as described above.
For PrPT5E capture from SWBC samples, the cells were first

- incubated on icé for- 30 min with LB. After centrifugation at

1000 g at 4°C for 2 min the supernatant was harvested and mixed

© with LB {final volume 1 m!) before incubation with plzummngcn—
. coated na.nobca.ds as descnbed above.

' Protem Misfolding Cyclic Amplification (PMCA)
- PrP° sources for PMCA. were from normal brain homogena.tcs ]

(NBH) from either human PrP (M'* allele, tg650 line} [29] or
ovine PrP (VRQ allele, 1g338 hnc) [30] transgenic mice. These

. mice overexpress the level of PrFC by 6 and 8 fold respectively,
. compared to wild-type mice. Brains were collected and prepared

as previously deseribed [21]. Briefly after collection, brains were

- rinsed in cold PBS and immediately frozen on dry ice before long-

term storage at —80°C. Brains were then homogenized, using a

" potter-Elvehjemn homogenizer un ice, at a' 10%- (wt/vol) concen-

tration in the lysis/converting buffer (CB) composed of 150 mM

'NaCl, 1%Triton X-100 and protease inhibitor cocktail {Roche) in
- PBS (pH 7.2).:Homogenates were centrifuged at 2600 x g for 20
"seconds and frozen at ~80°C in single-experiment aliquots. -

"“The effect of PrPC overexpression on PMCA efficacy was

" evaluated by testing varying NBH dilutions: 10% tg338 NBH

alone, then 1:6 and 1:8 dilutions of 10% tg338 NBH in 10%

- PP~/ — NBH {31].

Ca.pt:urcd prion protein was first mixed with 90 pl of 10% NBH.
Then, amplification by PMCA was performed using the Misonix
4000 (Misonix, N.Y., USA). Each cycle is composed of an
incubation step (37°C) and a sonication step. Beforehand; the

-Following PMCA parameters were optimized: incubation duration

per cycle (30 and 60 min), sonication duration per cycle {20 and

PLOS ONE | www.plosane.org

40 5), power level (50 70 80%) and the numbcr of PMCA cycles
{50, 80,100) per round.

- For sample analysis, after a tcnfold dilution of the a.mphﬁcd

: samples with fresh NBH, 2 sécond and a tl-urd round of PMCA

was performcd

Protelnase K (PK) Dlgestioh and SDS-PAGE/

. immunoblotting "-

Methods were performed as prevmm;ly dr_l:cnbccl [32] Brlc:ﬂy,
after bead removal, amplified pmducts -weze incubated at 45°C
with PK (200 gg/ml) for 60 min; before their- denaturation at
100°C in SDS-PAGE sample buffer. Samplés were ren on 12%
NUPAGE gels and electrotransferred onte PVDF membrane. -

- Western bldtting, using the SNAP systcm (MiHlipore, St-Quentin-

en-Yvelines, France), was performed with 3F4 or 6D11MAb as
anti-PrP monoclonal antibodies . (MAb) (Slgnct/ Proteogenix,

" 67412 Illkirch, France) for -human and sheep prion detection
+ respectively, and an anti-mouse IgG peroxidase-linked secondary

antibody for chemiluminéscent reaction (ECL rca.gcnt GE-’
Healthecare France).

The capture yield was calculated as follows: the amount of
PrP™ captured by plasmmogcn—bca.ds was compared to the total
amount of PrP™ present in the input afier acquisition of the
chemiluminescent western blotting signals with the GeneGnome
digital imager and quantification with the GeneTools sofiware
(Syngenc, Frederick, Maryland, USA). Three independent exper-
iments were performcd

National institute for B:o!oglcal Standards and Control
-(NIBSC) Panels

The NIBSC has made available a series of reference reagents
prepared from autopsied human brain specimens {(www.nibsc.ac.
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uk/cjd/brainsamples.html). The brain reference reagents used in
this study were obtained from the GJD Resource Center in the
form of 10% (wt/vol) homogenates in 0.25 M sucrose. Two panels
were tested. Panel | was composed of ten randomly chosen normal
plasma samples distributed in duplicate {a total of 20). Panel 2 was
. a blinded panel composed of duplicates of vCJD brain ditutions in
normal plasma, and negative controls including plasma spiked
with normal brain and negative plasma alone (96 tubes).

Results

Optimization of the Plasminogen-based Capture System )

and Serial PMCA Technology using Scraple-lnfected Braxn

Material -

“The PMCA parameters were optimized usmg normal and
scrapu:-mﬁ:ctcd brain homogenates from ovine PrP transgenic .
mice (tg338 line, VRQ), a]l:lc) in the PMCA reaction. PMCA was’
- first evaluated by comparing cycle numbers, incubaticn, ‘sonica-
. tion and power parameters of the Misonix, F'ma]ly, after two
PMCA rounds of 80 ‘cycles each (30 min inéubation, 20 s
. sonication, 80% power} a PrP T F specific signal was rcprocluc:bly
 detected up to 1077 dilution (=3 from two different IBH)

indicating a 7 log amplification cempared to the 51gna.l obtained
for the non-amplified 1072 dilution F107% (Fig. 1). No signal was
detected when normal bréins (abdut 50 samples throughout this-
‘study) were processed similarly from ‘different NBH. sarnples.

. We evaluated the effect of P overexprcsslon on the PMCA.
efficacy of 1075.2nd 107° IBH dilutions using three different .-
dilutions of tg338 brnin substrates:  undiluted 10% tg338 NBH and

. 1:6and 1:8 dilutions of 10% tg338 NSH in. 10%. PrP—~/— NBH,

 Only undiluted .10% 1t¢338 NBH, demonstrated maximum,

. amplification- efficacy for both 10-5 and’ 107° IBH dilutions.

" 'Using the "dilution reprcsentauve of ‘physiological® expression

levels of PrPc found. in- shcep Le. 1 :8, no sxgnal was obtained for

118 _Undil, 1]6 1/8

Undil. 1/6

11, 12). The strongest PP

¥

p [
<= o —

10 10-€
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the 10™% IBH dilution and a very faint stgnal was detected for the
10~% IBH dilution (Fig. 2).
Prior to PMCA, PrP™E needs to be capturcd from blood

" samples and conccntrated The ogtlmum plasminogen concentra-

tion and bead volume for PrP™>" capture were firstly calculated
using a series 'of plasminogen-coated nanobeads. Scrapie IBH at
1072 and 10™* dilutions'was diluted in human plasma (500. pl) and
mixed with various volumes of beads with different plasminogen -
concentrations before PMCA amplification. Representative results
are shown in Fig. 3A and B. It is worth noting that lower signals

were observed with ‘lhcrcasmg bead volume.(Fig. 3 B lanes 6-8)" "

and plasminogen concentration FEI' ig. 34 lanes 3,.4, 5,7, 8, 9,10,
signal was observed using a

plasminogen {Plg) concentranon of 10 pg Plg/mg of beads (1" ig. 3A

_ lanes .3) and 'a volume of 10 pl of the 1% bead suspension per
. 500 ul of spiked- plasma (F ig. 3B lanes 4, 6). Under these
. ;'condmons, when PrP
" IBH: or:10 1 vGID IBH diluted in 500 13 of plasma and analyzed
-diretily by westerni blot without PMCA amplification, a 95% yield
(percentage of recovery calcuilated from PrE™ signal) was observed
Fig. 4. In. the same way, the PrPTSE signal obtained after one

was capmn:d from 10 pt Tg338 1275,

PMCA round from the 107 plasma. dilution appeared almost
similar to' that obtained when a control 107° IBH dilution {Fig. 5
C10™% was used directly to seed the PMCA substrate suggesting
that ' the association of the capture by -plasminogen-coated’
nazebeads. and PMCA reached almost 100% efficiency (Fig. 5; .

lanes 107 and C10~ 6) Both negative controls of 500 ] ofhuma.n‘

plasma mixed with. pla.srmnogen—coatcd nanobeads prior .to

. PMCA remaincd negative, (Fig. 5 lanes NC).

NC

Figure 2. Effect of PrP€ level on PMCA efficacy. Tg338 1275 mfected brain homogenate dilutions (107% and 1075) were PMCA amplified {one
. round) using 10% tg338 NBH (Undil}, 10% tg338NBH diluted 1/6 in 10% tg-PrP™NBH and 10% tg338NBH diluted 1/8 in 10% tg-PrPY"NBH as PMCA
substrates. The detection was performed on PK-digested amplified products using westem blot analysn$ with 6011°as the primary antlbody Undil.:
10% tg338 NBH without difution in 10% tg-PrP¥ONBH. NC: negative control, N8H only.

deii10.1371/journal.pone.0069632.9002
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3A - 10 ug Plgfmg beads 20 ug Plg/mg beads 30 pg Plg/mg beads

T 2 MW 3 - 4 5 8 7 8 9 10 . M 12

1% Bead volumes M) 25 5. 10 ‘
.1 wMw 2 3 4 5

' Figure 3. Capture optirsization of ovine braln PrP™%. 3A: Batches of nanobeads. (1% suspension) coated with 10, 20, and 30 pg of

plasminogen/mg of beads were used to test prion capture efficacy using 30, 60 and 90 p! of plasminogen-coupled beads per 500 pl of human plasma
- spiked with a 107 dilution of 1275 1BH. After one round of PMCA, detection was pérformed on PK-digested-and amplified products.using western
blot analysis with-6D11 as the primary antibody. Lane 1: NBH: normal brain homogenate without PK digestion Lane 2: 1072 IBH dilution without -
PMCA-(Frozen) Lane 6; negative control: plasma only 3B: Tg338'1275 IBH dilution (107% in plasma-was tested using different volumes. of coated
beads at 10 pug of plasminogen/mg of beads (1% suspension) for the prion capture. After one round of PMCA, detéction was petformed on PK-
digested and amplified product using western blot analysis'with-6D1.1 as the primary antibody: Lane.1; NBH: normat brain homogeriate without PK
digestion Lane 5; negative control: plasma only.: - : s ’ ‘ :
.dok:10.1371/journal.pone.0069632.4003

Validation.of the Plasiinogen-coated Nanobeads - ~ = - “In four white blood cell concentrates of naturally scrapie-
sPMCA Combined Assay '6n .a'Panel.of Blood Samples infected sheep (SWBC), 0/4 and "1/4 samples were defected
from Hea‘lthy and Infected Sheep - - : ~ positive Vrcspccuvc_ly_' a&Fr one and two r%uémds of PMCA (results
We next exarnined whether 'our-&xperimental conditions could not shown). _Af'tcr- a third round, a.PrP -signa_l was obtzined .
speciﬁca]lf detect PrPTSE jiy scrapie-infected blood sarnples. - from_all four infected SWBG amplified samples, in contrast to.
. ST ; . ) _ those from healthy sheep (0/4) (Fig. 6). Thesc results were'.

1278 | . . vCJD

CInput 1 2 3 4 nput

Figure 4. Efficacy of PrP™F capture. Ten microliters of 10% 1275 (fanes 1 and 2}.and vCJO 1BH flanes 3 and 4) were diluted in 500 gl of plasma
and incubated 2 h with plasminogen-coated beads. PrP™* bound to the beads were PK-digésted and denatured in sample buffer for western blot
analysis with 6011 and 3F4 anti-PrP MAbs. Percentage yield was quantified with Genetools software after acquisition.of the chemioluminescent
wastern blot signals with the Genegnome digital imager. {Syngene, US) Lanes 1 and 2:127S IBH capture Lanes 3 and 4: vCID 1BM capture,
doi:10.1371/journal.pone.0069632.gG04 . :
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c-:m'—ﬁ NC

Flgure 5. Sensitivity of the ovine PrP™F optimized test. Tg338 1275 IBH dliutlons (10‘5 107% in 500 ul of human plasma were captured with
10 pl of coated nanobeads at 10 pg of plasminogen/mg of beads, amplified by PMCA {one round of 80 cycles) and detection was performed on PK-
~ digested and amplified products using western blot analysis with 6D11 as thi- primary .antibody, ~2F; 1072 IBH dilution w1thout PMCA (Frozen)
" €107% IBH dilution amplified directly by PMCA without capture step NCr- negatwe control ana[yzed along with samples .

- doit10.1371/journal, pone 0069632.9005

‘ _reproduccd in r.hret: different assags In one shccp at the pr:chmcal'
phase of scrapie, a specific PP signal was detected in a 500
plasma sample after PrP capture and two rounds of PMCA

. {Tig. 7A) and in both 50 pl and 25 pl buffy coat samples (BC) after
- one PMCA round {(Fig. 7B). These-assays were rcproduccd twice

and each sample was tcstcd in duphca.tc

' Evaluatlon and Validation of the Plasmlnogen-coated
nanobeadslsPMCA Assay-on Human Samples -

Similar BMCA optimizations were performed on vGJD human .

~ brain homogenates . amplified with' normal brain homogenates
from human PeP. ransgenic mice (M'* allele, tg650 ling) as

substrate; The optimal amplification parameters were found to be -
exactly- the same for the human vCID strain as for the ovine strain.

(80 éyéles: 30 min incubation, 20 s sonication, 80% power).
" After the PcP™E capture, from a pianel of tenfold dilutions of
vCJD IBH (107* to"10™% in normal human Tglasma; the first
' PMCA round allowed the detection of PcP™F at the 10_5
- dilution. “This ‘Hidicated a 3 log a.mphﬁcanon “compared to the

- signal obtained for the non-amplified F10? dilution. (Fig. 8). After .-
© 3 tenfsld dilution of the amplified - sanples with- fresh NBH, 4 -
second and a third round of 80 PMCA cycles was fcrformcd :

dilutions .

'a]lowmg detection of 1:’rPTSE up to 107° and. 10~

30kDa

respectively, corresponding to a 4 and 6 log amplification factor

- {Fig. 8). These sensitivity levels were confirmed three times with

different IBH samples, oné of which was the WHO referencc
reagent provided by NIBSC. It is worth nofing that this 1078
dilutionr detection, after -the third round was the same as that

" obtained whcn testmg tenfold dilutions of vGJD IBH (1071078

without th‘c capturc step. (results ' not shiown); this corifirms a

.capture efficacy around 95% as,shown. in fig. 4.

The analytical, perfonnancc of the test was then evaluated in,
" terms of its sensitivity and- spcclﬁcxty by testing blmdcd panels
. provided by the NI.BSC All sa.mplrj from franel I (uorma] pla.sma)

tested negative (20/ 20) dcmonstraung the fest’s 100% specificity.
Results of the 96 spiked-pasma-samples of Blinded: panel,_.?_ {spiked

with either brain- or spleen ‘homogenates) obtained after three. -

rounds of PMCA’ were.analjzed. by:the NIBSC and-a sensitivity
Tevel of 107 vCJD brain homegenate in plasrna was_achieved

* (Table 1), For plasma spiked with spleen homogenate the LO'_’

" dilution was detected (4/4). “The 36 confrol samples included in

- the. same pa.nel all-tested- negative. Resulis-obtained-on-the 56"

negative controls included: in panel 1 a.nd panel 2 conﬁrmcd thc
"100% specl.ﬁsxty of: the-assay (55/56) . e

Infectéd SWBC MW

Healthy SWBC | "

. F|gure 6. Detection of PrP™*® from SWBC of scrapie-infected sheep: Four infected and healthy SWBC (sheep white blood cells) samples,
underwent the capture step with 10 pl of coated beads at 10 ug of plasminogen/mg of beads. After three rounds of-PMCA, PrP™* detection was
performed after PK digestion of the amplified products, usmg western blot analysis with 6D11 as the primary antibody.

doi:10.1371/journal.pone. Q06963 2, gDDB
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Figure 7. Detection of PrE™* from plazma and buffy coat of scrapie-infected sheep at the preclinical stage 7A: 500 gl of FG 127
infected and healthy plasma’samples underwent the capture step in duplicate with 10 ul of coated beads at 10 pg of plasminogen/mg of beads, -
before PMCA amplification using two rounds of 80 cycles. Detection was performed after PK digestion of the'amplified products Using western blat
analysis with 6D11 as the priniary antibody. Pre-Cl-Plasma: plasma sample from PG127 infected sheep at the pre-clinical staga (120 days post oral

, challenge) Neg Plasivia: plasma-sample froin healthy sheep 7B: 50 and 25 pi of PG 127 infected {120 'days post oral challenge) and healthy BC (buffy .
coat} samiples underwent the capture step in duplicate with 10 pl 6f coated beads at 10 pg of plasminogen/mg of beads, before PMCA amplification
using one round (i.e. 80 cycles), Detection was performed-after PX digestion of the amplified prodicts, using western blot analysis with 6D11 as the

-primary antibody. Lané’PC: 1077 IBH. dilution amplified by PMCA Lane NC: Buffy coat from healthy sheep, ’ A
doi:10.1371/journal.pone.0069632,g007 o o : B

Roundi . Roundz " Round3

. 30kDa

20kDa

-2F MW 104 10% NG 100 "™ ne 107 sw 0% NG

Figure 8. Human PMCA optimization. vCID IBH dilutions (10™*t0 10™%) in 500 yl of plasma were captured by 10 pl of-coated beads-at 10 g of
plasminogen/mg of beads, After thrae PMCA rounds (80 cycles/round) the detection was performed on PK-digested and amplified products using
western blot analysis with 3F4 as the primary antibody. —2F:"1072 IBH dilution without PMCA (Frozen} NC: negative control: plasma only.
doi:10.1371/journal pone.0069632.g008 -
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* +“at the terminal stage of the disease. However, PP
" efficiency was compromised when the PMCA was performed -

Table 1. Evaluation of the PrP™E detect:on assay on human
blinded panel {NIBSC)

Biological materials Dilutians

Positive

VCID spleen spiked in
plasma ’

e

R '

w' . a.f4

ik e e

016

- Cnnlro[ spleen splked
in plasma

Controi Plasma -

CRAl lhe controls were col|ected from individuals showmg no sign’ of vCJD (bmin.
spleen and plasma). - . .
dm 10, 137lljuumal pone 0059632 1001 :

Dié'cuSsion ahd’ConcIuSion

Results.of this study demonstmte that the abo

three-step: PMCA 'assay can spcafica]ly detect PrETE at the

.prechinical stage .of the disease in .both: plasma and buoffy-coat .

- samples from sheep. PrP™E detection achicved after PMCA has
previously been described using bitffy coat fractions from rodents
{33,34] and purified white blood cell preparattons from sheep (22}

- directly on blood [18}. In a recent study, Tattum et al. [23]
showed that when PMCA. was performed directly on the whole

blpod -of infected  mice, the yield was reduced by ‘approximately

50% because of the presence of inhibitory factors in the blood. To
overcome this issue and decrease the consequenml large input

volumes of blood in the FMCA reaction, we devcloped a capture-
" technology using plasrnmogen~ a well-known prion protein hga.nd;'

- [24]- for implementation Tgmur to PMCA amphﬁcat:on
The specificity of PrP“*"-capture by plasminogen is controver-
sial. Using high resolution ultrasonography to study interactions
between proteins, Negredo et al. -[26]- demonstrated that the
interaction between plasminogen-coated beads and Prp™®

.obtained by Fisher ef ¢l and Maissen ef al. [24,25]. Comrerscly
however, other- studtcs have reported that recombinant prion
proteins and PrPC purified from sheep or bovine brain could also
interact with human plasminogen [35-37]. When coupling the
capture step with PMCA, our results do not allow us to rule out
the possible capture « of PrP® isoforms from infected sheep WBCs
in addition to PrP™E by the plasminogen coated beads. However,

" PLOS ONE | www.plosone.arg

resented :

TSE Sinphification™

£ was’
specific.- In addition these findings confirmed previous results -

PrP™*E Detection in Pre-Symptomatic Blood

residual PrPC in addition to PrP E does not seem to be a-m 1]
problem for PMCA, since PrPC is the main substrate for PrP
amplifi catlon One limitation could be the -potential competition
between PrPC and PrE™® for capture on the covered nano beads.
However, in this work, we have demonstrated no loss of PrpTsE
dun_?&the capture step which allowed 95% capture of the sample
.PrP*>" before arnplification.

We chose nanobeads over rrucrobeads as the support For
plasminogen [24] for their small size (100-140 nm) and corre-
spondingly large surface-to-volume ratio [38). We have previously

" demonstrated the need to strictly define the nanobead volume to
be used for the capture in order to avoid a crowding effect due to -

an excess of coated nanobeads. Such molecular crowding affects

* the chemical reactions ‘occurring in high solute concentrations
since the volume occupied by one molecule is made unavailable to”
other molecules and so-called the excluded volume. Theoretical

and experimental studies have demonstrated that the excluded

.

volume effectis dependent on the size of molecules (39—41). Thus;

the decrease in signial observed when the capture step is performed
with ‘an excess of coated beads could be explained by the high
molecular weight of the plasminogen (88kDa) fixed on the beads.

In two independent triaks, the addition of beads or plasminogen
to the PMCA reaction’ stimulated the PMCA amplification

. [27,42]. By optimally combmmg the two enhancement strategies, -
E detection at .

we have achieved the sensmvny required for PrP
the preclinical stage.

The plasmmogen-baseel capmre/sPMGA assay appltecl to

scra.ple—mfected brains from ovine PrP transgenic mice ‘(1278)
allowed the detection 2t a 1077 dilution, equivalent to 100 fg of

127S infected tg338 brain. This represents a 100-fold higher :

sensitivity level compared to that obtained by bioassay [43]. This

finding is not unprecedented as PMCA. detection levels well below

.. -infectivity levels have been reported for 263K pnons in. hamstérs .
.- and chronic wasting dtsea.se (CWD) pnons in transgemc mlce for_
: cervid PrP [20,44].

Applied to WBG sainples ﬁ'orn naturally mfected sheep n=4),
this assay showed 100%. specxﬁmty and $ensitivity,- Mpreover, we

" observed that a capture “step is essential to’ detect PrpTSE .
‘infectious blood- samples Indeed, when the same infected SWBC
- samples were tested by PMCA alone, the four samples gave"_

negative  results (data ‘not shown) “Recently;~ Lacroux - et-al:
reported  PrPTSE- deteetion in SWBC collected frora sheep

detection of PrPTSE § in sheep WBC samples from naturally infected
. sheep by using the same PMCA substrate {ovine transgenic rhouse
£338) as Lacroux et al. ‘Therefore, we demonstrated that our

plasminogen-based capture allows the detection of two phenotyp- -

-ically different sheep strains. It is worth noting that until now,

PMCA detection of the pathological PrP in infected blood samples
. of animals was obtained using substrate and blood samples of close’
- origins {species, strains and genotype) (21,22,45].

Finally this aew assay can detect PrP™F in 2 volume of buffy

clinical stage of scrapie (PG 127 isolate). This assay now needs to
" be repeated with additional sheep samples.

Coupl mg the capture step to PMCA also a.llowed the detection

of PrP in the 107" dilutiori of vCJD IBH spiked plasma

-(equivalent to | pg of initial brain sample). The assay reached a

100-fold higher level of sensitivity compared to that obtained in

the PMCA study using platelets as substrate [46]. Based on our .

findings that the concentration of PrP has an influence on the
PMCA amplification ratio, this improvement in-sensitivity may be

July 2013 | Volume 8 | Issue 7 | e69632
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l “coat (BC) as low as 25 iiL (around 0.5 ml of wholé blogd) and in -
500 ul of plasma samples, collected from one sheep at the pre-.

* -experimentally infected by the PG127 scrapie isolate from™ 90 [ B
190 day post inoculation (dpi) [7]. In this study, we confirmed the



* explained by the use of tg650 INBE which overexpresses PrP by 6-
fold when compared to platelet homogenate.

When the NIBSC panel was tested by our PrPTE capture
foliowed by three rounds of PMCA, the detection limits achiaved
were 107* dilution of vGJD braivi spiked in plasma (3/8) and 107
dilution of vCJD spleen spiked in plasma (4/4). It is worth noting
that the 107° dilution of vCJD brain was also detected in the same

- experiment but enly in one sample out of the four tested. Since the

- Lsensitivity of our assay {fig. 8) was checked with vGJD brain
homogenates from three different sources, this discrepancy might
be explainéd either by differences in the procedures of material
“preparation or the infectivity levels of the brains. at the time of
collection. Furthermore, among six diagnostic assays involving tht:
same blinded NIBSC panel, none have overcome this 10
detection limit with a 100% specificity [47].

Recently two blood test proto%s

the detection of endogeacus PrP™>* in blood. Both are based on
- the combination of promising technologies for high throughput

testing: i) a solid-state binding matrix to capturé and concenirate
" the PrE™® coupled with a direct immuno-detection allowing the

detection of 71% samples of confirmed clinical vCJD patients [48];

and i} an immunoprccipitation‘ approach coupled te the quaking-

induced convcrslon {¢QuIC) technology which allows the-detec-
. tion of PrPT5E in the blood. of harnsters at the prcclm:cal stage of
rhc disease [49].

" The macromolecular structure and rcs:stance to proteolysis of
circulating PrPTE as well as the distribution of infectivity among: -

huwman vCJD blood compartments remain unknown. Based on
rodent models, it has been estimated that blood PrPTSE

concentrations at the preclinical phase of the disease could be

around the femtornolar level, Lé. 0.1 pg/mL [50]. Recently, the

PrP™E concentration in scrapie-affected hamster brain at' the
chmca.l phase was estimated by quantitative PMCA. to be around

10~% gram/ gram of brain (51]. Accordingly, the test. developed - )

were-published which allow -

PPT*E Detection in Pre-Symptomatic Blood

107" ¢ of PcPTE (~180 molecules) and achieve the limit of
detection (LOD) required for the detection of PrP™F j in vGJD
plasma samples at the pre-symptomatic phase.

The next step will be validating cur new assay on buffy-coat and
plasma samples from individuals with confirmed clinical vCJD,

- however such samples are very limited in volume and in quantity.

] Fortunatr_ly, the test can overcome the problem of samplc volume

. since it has been shown to be suitable for. PrPTSE detection in a
buffy-coat volume as low as 25 pl,

The last important issue will also be to determine whether or
not amplified vGJD PrPTSE is infectious and if the amplification of
ppTeE correlates with the a.mphﬁcanon of mfectmty These
studies are ongoing.

In conclusion, we have developed a new hxghly spec:.ﬁc and
sensitive in vitro assay whtch | may represent a good candidate for

- use as a confirmatory PrPTE detection assay in plasma or buffy

" coat samples. This .assay . could ensure that bloed donations -
detected positive by means -of a large scale h1g11—throughput
scrccnmg test are indeed true positive.,

Acknowledgments

We wish to thank Prof. Claudio Soto ('Umverslty of Tmca.s Medical School
Houston, Texds, USA) for hosting us in his Jaboratory and for his advice at
. ‘the very bcgmnmg' of PMCA. We also wish to thank Phil Minor {Seuth
Mimms, UK), Armand Pcrn:t-[.laudct {CHU-Lyon France} and Olivier
- Andréoletti (ENVT, Toulouse, I'ra.ncc) for providing us with informative
s:mplc.s. :

Author Contributions

Conceived and designed thc_cxpérimcnts: Gs JC. Pcrforn.lcd the
experiments: C3 MM DB. Analyzed the data: CS VB JC. Contributed
reagents/materials/analysis tools: CS MM. Wrote the paper: CS DB MM
VB ]jC.-

here with 1pg IBH sensitivity could feasibly allow the detection of .

_References

-1, Bruce ME, Will RG, Ironside JW, McConnell I, Drummend D, et al, (1997)
Transmissions to mice indicate that 'new warant’ GJD is ca.usccl by the BSE
. apent. Namied 389: 498-301,

2. Tnstitue National de Veills Sanitaire website available: http://www.invs.sante. fr/
Dossiers-thematiques/Maladies- |nfc|:ul:uscsfMalad1:s -a-declaration-

obligatsire/ Maladie-de-Creugfeldr-Jakob/ Dos _r'-' iologiques.Accesicd

2012 Auguse. .

3. Bons N, Lehmann §, Mestre-Frances N, Dormeat. D, Bruwn P(2002) Brain and
buff# coat transmission of bovine spongiform encephalopathy to the primate
Microcebus murinus. Transfusion 42: 513~516.

4. Houston'F, McCutchean 5, Goldmann W, Chong A, Fnst:r_]', ct al. (2008) Pnun
discases are cfficicodly transmitted by blood transfusion in sheep, Blood 12
4739-4745.

5. McCutcheon S, Alejo Blance AR, Houston EF, de Wolf C, Tan BC, etal, {2011)
All elinically-relevant blood components transmit prion disease following 2 single
blood transfusion: a sheep model of vCJD. PLoS. One 6: ¢23169.

6. Lacroux C, Bougard D, Litaise C, Simrions H, Corbiere F, ctal. {2012) Impact
of Leucocyte Depletion and Prion Reduction Fiiers on TSE Blood Borne
Transmission. PLa$ One 7: £42019.

7. Lacroux G, Vilete D, Fernandez-Borges N, Litaise C, Lugan 5, et al. (2012)
Prionemia and lcukacytc-platc!:t -associated infecdvity in sheep tansmissible
spongiform eneephalopathy medels. J Virol 86: 2056-2056.

- 8. Andrcolesti O, Litaise C, Simmons H, Corbiere F, Lugan S, ct al, (2012) Highly
efficient prion traismission by blood Lmnsﬁuion PLaS Pathog 8: 1002782,

9. Garske T, Ghani AC (2010) Uncertainty in the til of the vadant Crcutzfcidt— ’

Jakob discasc cpidemic in the UK, PLoS One 5: ¢13626.

[0, Collinge f (2012) Cell bology. The risk of prion zoonoses. Science 335: 411-413.

Il HPA (2012) Health Protection R.cpo:rL ‘mwhpaorgukfhprlarchnes/2012l_

news3212hem,
12, Prusiner SB {1998) Priens. Proc Natl Acad Sci U § A 93: 13363-13383.
E3.
Detection of chronic wasting discase prions in salivary, urinary, and intestinal
tissues of deer: potental mechanisms of prion shedding and wansmission, J Vlml

85: 6309-6318.

PLOS ONE | www.plosone.org

Haley NJ, Mathiason CK, Carver S, Zabe! M, Telling GG, et al. (201 VE

1

14, Nowmsi 5, Molcres F_L Eiunter SB, Belay ED, Schonbl:rgcr LB, ec al. [20!0]
Multiorgan detection and characterization of proteasc-resistant prion protein in
a case of vardant GJD examined in the United Smates, PLOS One 5: ¢8765.
Brown F, Cervenakova L, Dmngcr H (2001) Blood infectivity and the prospects
for a diagnosic scn:emng testin Creutzfeldifakob disease. J Lab Clin Med 137
5=13. :
. Saborio-GP, Permanne B, Sote G (2001) Sensitive detection of pathu!ogu:zl

prion protein by cydic amphfu:auon of.protein mislolding. Nature 411: 810-

JB13.

. Castilia J, Saa P, Morales R, Abid K, Maundrell K, ct ak (2006) Protein
misfolding cyclic amplification for. diagnosis and prion propagation smudics,
Methods Bnzymol 412: 3-21.. .

. Castilla ], Saa P, Sota C {2004} Cyclic Amplification of Prion Protein Misfolding.
In: Basel/Swiszerland BV, editor. Techniques in Prion Rescarch, 138-213.

.. Jones M, Peden AH, Prowse CV, Groner A, Manson JC, et al. (2007) In vitro
.amplification and dctcctmn af variant Creutzt'cldtjakob discase PrPSc. J Pathal
213: 2126,

. Saa P, Castilia J, Sowo C (2006) Ulrra-cflicicnt replication of infectious prions by

" automated protein misfolding cyclic amplificaton. J Biol Chem 281: 35245~ -
35252,

21, Soto C, Anderes L, Suardi §, Cardone.F, Castifla J, et al. (2005) Pre-

symptomatic det:cl:lan of prions by I:yclac amplification of pratein misfolding,

FEBS Lew 579: 638-642. :

Thome L, Teery LA (2008) In vivo amphf catian of PrPSc derived from the
brain and blood of sheep infected with serapic. J Gen Virol 89: 3177-3134.

Fattum MH, Jones §, Pal S, Collinge J, Jackson GS {2010) Discrimination
between prion-infected and normal blood samples by protein misl'ulding cyclic
amplification. Transfusion 50: 996-1062.

Fischer MB, Roeckl C, Parizck P, Schwarz HP, Aguzzi A (2000) Binding of
diseasc-associated prion protein to plasminogen. Nature 408: 479-483.
Maissen M, Roeckl C, Glatzel M, Goldmann W, Ag;uzn A (2001} Plagminogen
binds d.ls:as:—assnc:atcd prien protin of mulupl: species. Lancer 357; 2026-
2028.

13,

'20.

22

23,

4,

25.

9 July 2013 | Volume B | issue 7 | e69632

65



26,

97

28.
28.
30.

31,

Negredo C, Monks E, Sweeney T (2007) A novel real-time ultrasonic methed for
prion protein detection using plasiminogen as a capture molecule. BMC
Biotechno! 7: 43.

May: CE, Ryou Q [2010) Plasrnmogcn srirmulates pmpagamn of protcasc-
resistant prion protein in vitro. Faseb J 24: 5102-5112.

Langevin C, Andreoletti O, Le Dur A, Laude H, Beringue V (2011} Marked
influence of the route of infection on prion strain apparcnt phenotype in a
scrapie transgenic mouse model. Neurobiol Dis 41: 219-225, '
Bcnngue V, Le Dur A, Tixador P, Reine F, Lepourry L, et al. {2003) Prominent
and periistent extaneural infeeton in human PrP 'Lr:.nsgcmc mice mfeched with
variant GJD, PLOS One 3: el419.

Laide H, Viletie D, Le Dur A, Archer F, Sdulier S ctal, (2002) New invivoand

x vivo models t'or the experimental study of shetp scrapic: development and”

. perspectives, C R Bial 325: 48-57.

Bucler H, Fischer'M, Lang Y, Bluethmann H, Lipp HP, et al (i992) Normal
devclopmcnt ‘and behaviour of mice lll:k:ng r.hc neurcnal cell-surface PrP.

- _ protein. Nawre 356; 577-582.

32,

Segarra C, Lehmann §, Coste J [2009) -Prion pmtem expression and procusmg

. in human mongnuclear cells: the impact of the codon 129 prion genc
- polymorphism, PLOS 'One 4:'e3796.
Castilla J, 52a P, Soto 2 (2005) Detection of priohs in blood. Nat Mid ll 982- .

33.

. 34,

35,

36.

37

"8

985.

.Baa P, lel.a J, Soto C (2006) Presymptomauc detection.. ai‘ prions.in bleod.

Science 313: 92-94.

-Ellis V, Daniels "M, Misra R, Brown DR (2002} Plasmmogen activation is

stmulated by prion- protein and- regulated: in a oppper-dcpend:nt manaer.
Biochemistry 41! 6891-6896,
Komb]att_]'A, Marchal S, Rezaei H, Kornblatt MJ, Balny C, et al (2003) 'Rm

fate of the priet protein in the pnon/plasmmogen cornplex. ‘Biochem Bmphys .

Res Commun 305; 518-522,
Cuocioloni M, Amied M, Eleuteri AM, Bng\:m M, Bargedd S, :t al, (2003)
Bmdmg of i Pr?c to h p kinetic and’ thermody-

< namic study using 2 resonant mirror bioiensor. Proteins 58: 728734,

Rost NL, Mirkin CA (2005) Nanostructures in blodu.gnusuu Chem Rev 105:
1547-l562 .

PLOS ONE | www.plosone.org

39,

41

42,

43,

PrR™E Detection in Pre-Symptomatic Blood

Hall D, Minton AP {2003) Macromolecular crowding: qualitative and
scmiquantitative successes, quantitative challenges. Biochim Blophys Acm
1649: 127-135.

. Minton AP (1998} Molceular crowding: analysis of effecs of high concenerations
of inert cosolutes on biochemical equilibria and rates in terms of velumé ' -

exclusion. Methods Enzymol 295: 127-149. .
Minton AP (2001) The influence of macromolecular crowding and macrome-
lecutar confinement on biochemical reactions in phys:alugmal media, J, Biol
Chern 276: 1037710580,

Gonzalez-Montalban N, Makarava N, Ostapchenko VG, Savichenk R,
Alexeeva ], et al, (2011) Highly efficicnt protcin misfolding cyclic amplificadon.

- PLOS Pathog 7: 1001277,

Tixador P, Herzog L, Reine F, Jaumain E, Chapuis J, et al. (2010} The physical

* relationship between infectivity and prion protein aggregates is strain-dependent.

4.

45.

PLOS Pathog 6: ¢1000839,

Nichols TA, Pulford B, Wyckedl AC Mcy:rttt C, Michel B, ct al. (2009)
Detcction of protease-resistant cervid prion probcm in water fmm a CWD-
endemic area, Prion 3: 171-183.

Pujihara A, Atarashi R, Fuse T, Ubagai K, Nakagaki T, et al [‘2009)
Hypcrcﬂ' cient PrP Sc amplification of mouse-adapred BSE and scrapie strain by
protein misfolding cyclic amplification technique. Febs ] 276: 28412848,

46. Jones M, Peden AH, Yull H, Wight D, Bishop MT, ct al. (2009)° Human platelets -’

asa subs:nte source for the jn vitro amplification of the abnormal prion protein

" {PrP} associated with variant Cn:uzzfeldt_]:.koh due:se Transfusion 49: 376-

47

48,

" 49,

10

384,

: Coop:ij. Ladhani K, Mmor P(2012) Cornpamon of candldau: VGJD in viwro

diagnostic assays using identcal sample scte. Vox Sanyg 102: 100109,

EdgcworthJA Farmer'M, Sicilia A, Tavarcs P, Beek ], et al. (2011) Deteetion of

prion infection in variant Crnutzﬁ:ldtjakob discase: a bldod-based assay. Lancet
377: 487-493. .

Orra CD, W"lhszM, Rlymond LD, Kuha F, Schireeder B, etal. (2011) Prion
disease blood test using iminunopretipitation. and :mprow:d quaking-induced

" cenversion, MBio 2: ¢00078-00011.

50
5L

Soto C (2004) Diagnosing prion d:sca.scs' neads, d\allcnges and hopes, Nat Rl:'v
Mitrobiol 2: 809-819.. . .
Chcn B, Morales R, Barria MA, Sote C (2010) Esnmaung prion cum::nu‘aubn
in ﬂusds and tissues by quantitative EMCA. Nat Mcthods 7:'519-520.

July 2013 1 Volume 8 | Issue 7 | e69632




"ERIBWHOR T RAFYWUALK [ LOF
| TESGQIEFRILSHE . © > LR ST ¥ e i
| EHALOA G ARG H T YT ST, R WY i
PRI BEG 7 QU R YT R B S G L
CHUQY B WRER 0D 3207 th LU
| BT I YA 0461 O IETH 36 O TRRYYR U=
YR D RILE—~ L PHHOBHERIY T )

SR ERSHE LN A0h 3 RBL | V000 F~000 2 HEMAPHOE S YUUckLD 3

UKOBS o | HEOETES

67

CEVOURBEHANL LR S LA A ORYOHM A K (L BROTAE S A EE WO LD ﬁ%ﬁﬁ#%%% vM\.
- : o ‘ CQUR THET Y
HLNEHPIMYE N TE2 MOV YU R B S RO Q@R A 9w 2 @8 0 LTI MRER O s B R
omm&Pmiwﬁﬁﬁﬁﬁﬂﬂﬁﬁmﬂﬁi&&ﬁﬁ%%ﬁp@ﬁjﬁomﬁp&@ﬂawﬁe&ﬁﬁmgﬁﬁ&ogﬂeﬁﬂﬁ
. @ﬁﬁ%ﬁﬁ%im@&ﬁﬁﬁiﬁpﬁﬂﬁﬂﬁﬁmwmkmkﬂﬁmﬂﬁﬂmm%mum@%ﬂl%@w@%ﬂ%ewmﬁﬁ
TorssraTETeTyn o o L CUCURURBBNLY £/ TACROTEN BTN | =
D6+ 2R~ Bt | Wiy "YCRLY 0002/Y T HLEMAYUSTHOT DY 0007/Y I REGES © > LERPHOURE 1k D I3E T i
LOWG BLMENNTER sy | WU OY YN 2 HPWWREO T HFH YU R WG @UNLELE N °Q TAGOZNHBOR ok | 3§
fi U Ao ZGIWE ‘00 | (L UM AMEE “HUEHKHESHETOBHOIUD "CULCLR2ENORUS LETL £ [ QAN D LLRa m
LELTFUOT LUVRARAL A | £ Qe (BB D GG O TR O EREK H VO EEE FRTE O QY ¢ QEIFTLEOHHIRT RO E3E %
T LN A o o "(AHBWEE Y T ) SR B | 1
(aron) e HH T o bn g | B2 T 2T B S R T Y LY R B D < — L] QAR W RS/ TR0 Y GRS BI I G Sk} (oA
YR G T N HONY I RINE . uwﬁpm%ﬁﬁwmeﬁﬁﬁﬂﬁgﬁ&NM@,&%,9£P9¢§P@é@m;aspmﬁ,E:;ﬁM%m
ERGLTUEE | LE2AERD RPED 004 ¢ @ QO WEGLH—3L © R WO T Y0 /H8 00008 LD (2 2661) HAEQRY £ — A TITHA YL
ESHEZEHOY L - : . o o ‘L UGREST |
- YR RS BT (O TR ) TERL O TANBBYORHEAK (L V0 D92TEY A Qb TR W TRV Ut 7y (U LA VT LL 0 GTRET
. . _ e
76687 'TWQ/9ETT QI 10D PA6GE:LPEIETOT WG S - -
BEY - . - | —|  WEnm—
- Hy - —_ . . Ao ] o Bx ]
TR 2 $ROLBFE | EEYE—% - p I -

BEHEN SHEl s
7 B . e T — g Saksiny




BM

- BIJ 2013;347:15994 doi: 10.1136/bm].f5684

NIHONSEIYAKU
2008-039

Page 1of 2

DITORIALS

How wndespread is varlant Creutzfeldt-dakob disease?

The disease seems rare but “infection” may be relattvely common

Roland Sa[mon retrred consultant eprdemfofogisf

Canrdiff CE23 5EG; UK

Variant Crevitzfeldt-Takob Disease (CID) is the human form of
bovine spongiform encephalopathy or “mad cow disease.” Itis’

one of the family of mainly neurodegencrative diseases known
as sponulform encephalopathies becanse of their histological’ -

. appearagce. These diseases afflict animals and hiumans and are

. widely accepted as resulting from the toxic 'Enmld-up of an
aberrant form of a normal cellular protein, the pron protein,

Bovine spongiform, cnccphalopar.hy ‘was commen, with more

than 36 000 caseg in the peak year of the cattle epidemic in the
United Kingdom (1992).! However, variant CID has remained -
mcrc:ﬁzlly Fare, with 177 cases in the UK to date (51 in the rest
of the world, 27 of which were in France), and only one mthc .

past two years.*

So, is variant CIDY yestt.rday 8 nc\vs? The linked paper by Gill
and colleagues {doi:10.1136/bmj.£5675) helps make clear why
this is not the case.” Sporadic CID, the “usual” form of CID,
was first described early last century and is found worldwide,

_with an anfial incidence of around 1/1 000 000 population. .

Prion infectivity is notonously difficuit to ipactivate and
sporadic CID had been shown to be transmissible by .
nenrosurgery in case studies prblished as long ago as 1974,
Transmission can also occur by injection or mphutauon of |
infected material derived from the central nervous system, as
in the epidemic of CID in recipients of human growth hormone
derived from cadaveric’ pmr.!tam:s o

In variant CID, there are also concerns about spread from '
peripheral tissue and blood becanse diseass reldted prion proteing
have been demonstrated in lymphoreticular tissue.* Variant CTD
has been transmitted by blood components and products from.
donors who later developed the disease, although a con\rnicmg
case of transmission of variant C.TD by surgery has not been
documented.®

UK health agencies have taken several costly steps 10 secure
the blood supply (leucodepletion of blood, exclusion of certain
donors, and sourcing of blood products from cutsids the UK)
and to reduce any risk of horizontal transmission by surgical
instruments.’ How necessary, or cost effective, these measures
are depends mainly on how many people in the UK are
“infeeted” with the variant CID prion, Blood tests in specialist
settings have been described,” but a test (ideally two tests) that

relandsalmon@googlemali.com

could be used widely for diagnosis and screening remains -

" elusive and would transform the approach to the problem.

In the abseace of ablood test, anonymised population prevaleace
surveys using archived tissue from appendicectomies and
tonsillectomies were carred out. Although zbnormal prion
protein was almost entirely absent from tonsils,” a prevmus
survey of appendixes suggested a prevalence of 1/4000. Gill

and colleagues in their painstaking examination of more than
30 000 appendix samples arrive at a prevalence of 1/2000, the
same oriler of magpitude. Unlike in elinical cases of variant

*CID, no particular age group or geographical region was

affected, ind no susceptible genotype was identified. In the UK,
patients with variant €JD have a modal age at death of 28 years
and are dingnosed more often in the north of England and in

i Scotland. Confimmed cases have all been methionine

homozygous (MM) at codon 129 of the gene encoding the pnon
protein (PRNP) "It is possible that abnormal deposition of prion.
protein in the appendiz. is simply a non-specific finding, 50 -

-appendicectomy-tissue from the 19705 and carlier, before boving

spongiform encephalopathy appeared, is being examined,
If “infection” with variant CJD prion proteins is common then

. precantionary mieasures are likely to be in place for a long time,

and-clinicians need to understand the logic behind them.,

- Clinicians may encounter people deemied, in the words of UK

public health agencies, to be “at increased risk” of CID.” These

- axe people who have received blood from someone with CJD

or been oPe.rated on with surgical instruments that have been
used on someone with CYD. The chance of these people having
acqu.u'ed the disease is thought to be great enough that they
could, in turn, transmit the disease themselves, They are thus
banned from donating blood and special arrangements need to
bemade for surgery that involves tissues in which prion proteins
might be found. Advice from local public health or infection
control teams should be sought. Local ieams will also probably
wish to seek more expert help, usually through the CID Section
of the National Centre for Infectious Disease Surveillance and
Control of Public Health England that acts as a clearing house
for queres and ‘can link them with the UK’s varions spccia]ist
clinical and research teams.

Although we know much about these fascinating, if tcmble,
diseases, particularly at the protein chemistry and cellular level,
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many important questions remain, What is the disease phenotype
and natural course of variant CID in genotypes other than MM?
What other znimal prion diseases may be zoonotic? The
replicatipn mechanisms first seen in prion proteins have now

‘been identified in other proteins jnvolved in other common
neurodegenerative discases, including AB, amyloid-f in

- Alzheimer's disease, a-synuclein in Parkinson’s disease, arid

. tair in several different conditions.” How often, if ever, are any
of these transmissible? The UK's pricn research capacity with
expertise in human and veterinary disease surveillance and
-pathology, as well as animal facilities for transmission
experiments, is well placed to answet such qucstmns Further
disinvestment would be premature,
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on declaration of Interes!s and declare the following interests: From
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'Prevalent abnormal pl‘lOI‘I protern in human appendlxes
after bovine sponglform encephalopathy eplzootlc |

large scale survey
EEEH OPEN AGCESS -

O Noel Gill head of depan‘ment Yvonne Spencer head of pathology Angela Richard l_oendt
senjor research hrstologrst Carole Kelly senior CJD sciéentist', Reza: Dabaghian senior screnlrfrc
and technical manager Lynnétte Boyes hrstologrst Jacqueline Linehan senior research hrstologrst
Marion Simmons veterinary research pathologrst head of EU Reference Laboratory for TSE?, Paul
Webb pathology research screntrst Peter Bellerby pathology research scientist®, Nick Andrews
_ senior statrstrcran Davrd A Hiltoh consultant neuro,oathologrst James W Ironside professor of

-clinical neuropathology Jon Beck research screntrst Mark Poulter research scientist®, Simon
Mead reader in neurology, consultant neurologrst Sebastran Brandner professor of neuropathology,

“ honorary consultant neuropafhologrst -

’HIV and ST Depanment and CJD Secl.lon. Natronal Centre for lnlecnous Drsease Surveillance and Contrel, Public Health England London UK

2Pathology Unit; Scienca D:reclorale -Animal Health ‘and Vetennary Laboratories Agency; Addlestone, Surrey, UK; *Division of Neuropathology, the |

National Hospital for Neuralogy and Neurosurgery, and Departmenlof Neurodegenerahve Disease, UCL Inslitute of Neurology, Queen Square,

London, WG1N 3BG, UK; “Virus Reference Department Public Health England, London, UK; SMRG Prion Unit and Department of Neurodegeneratrve-

Disease, UCL Institute of Neurology, Queen Square, London, UK ‘Department of Cellular and Anatormcal Pathology, Derriford Hospltal Plymouth,
" UK; "National Creutzfeldt-.lakob Disease’ Flesearch and' Survell[a.nca Unit, School of Mo[ecular and Chmcal Medicine, University af Edi nburgh

Edinburgh, UK

- Abstract .’ T o Sample 32 441 archived appendix samples fixed in formalin and

Objectives To carry out a further survey of archived appendix samples .  embedded in paraffin and tested for the presence of.abnormal prion.
to understand better the difierences between existing estimates of the =~ Protein (PrP).

prevalence of subclinical infection with prions after the bovine spongifarm . - Results Of the 32 a41 appendix samples 16 were posmve for abnarmat
encephalopathy epizootic.and to see whether a broader birth cohort was PrP, indicating an overall prevalence of 483 per million population (95% -
‘affected, and to understand beiter the implications fOF the management . Qonf'dence interval 282 to 801 per mitlion). The prevalence in those born
of blood and blood products and for the. handirng of surglcal mstmments " in 1941-60 {733 per million, 269 16 1596 per million) did not difter,
significantly from those born between 1951 and 1985 (412 per million,
198'td 758 per million) and was similar in both sexes and across the
h. M i [ £ ] 1t
Setting Archived appendlx samples lrom the pathology depanm onts of three broad geographical areas sampled. Genetic testing of the pasitive
: ) spectmens for lhe genotype at PRNP codon 129 revealed a high
41 UK hospitals participating in the earlier survey, and additional hosprtals
) proportion that were valine homozygous compared with the-frequency
in regions with lower levels of participation in that survey, - .
i : . . ] in the nommal populalron and in sfark contrast _wr!h confirmed clinical

" Design Irreversibly unlinked-and anonymlsed Iarge scale survey af
archived appendix samples
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cases of vCJ0, all of which were methionine homozygous at PRNP
codon 128,

Canclusions This study corroborates previous studies and suggesls a
high prevalence of infection with abnormal PrP, indicating vCJD carier
stalus in the population compared with the 177 vCJD cases lo date.
These findings have iri_-l;'mnant' implications for the management of blood
and blood products and for the handling of surgieal inslruments.

Introduction

_Variant Creutzfeldt-Jakob. disease (VCJD) in the United

‘ ngdom and some other countries' * was cansed by an exposure
of the populanon to bovine spongiform encéphalopathy (BSE)
prions. Large numbers.of the UK population were exposed to
BSE prions in the late 1980s and early 1990s through
contaminated meat products in the food chain, vCID differs

 fromi other forms of Crentzfeldt-Jakob disease in that abnormal

. prion protein (PrP) has been detected in tonsil biopsy-tissués
before death and thronghout the Fymphoreticolar system and
some other tissues after death,* Accumulation of abnormal PeP
in follicular dendritic.cells of Iymphoreticular tissue is thought
to precede invasion of the central nervous system, and previous’
observations** have confirmed the presence of abnonmal PrP.
in archived surgical samples removed before. the development
- of clinieal symptoms. Although there have been only' 177 cases
of vCIDto dats in the United Kingdom, itis likely that

. subclinical carrier states:of infection with vCID prions exist,
partictilarly on crossmg a species bamer a.ftcr w1desprcacl low
.dose cxposurc ) not
In the United Kingdom, four prcvale.ncc surveys of abnorma[
PrP have been reported to date® '™'* (see supplementary table
- 1). In the face of continued uncertainty over the results of these

© . surveys, in 2008 the Spongiform Enicphalopathy Advisory |
~ Committee (SEAC (ceplaced iri 2011 by the TSE Risk

. -Assessment Subgreup'of the Advisory Commities on Dangerons
" Pathogens) advised a second immunohistochemistry survey of
archived appendix samples to increase understanding of the
- differences betveen existing-éstimates of the prevalence of
" subclinical abnormal prion infection and to see-whethera |
broader-birth cohort was affected. This: paper reports on rhc

- findmgs of. that second survey.-

Methods

Sample collection, anonymisatlon and data
handhng

To screen at least 30 000 satisfactory appcnd!.x sa.mplcs from

" the 1941-60 and the 196185 birth colioits, the Health Protection -

" Agency (sincé 1 April 2013 part of Public Health England)

- collected 40 000 samples that had been remioved at operations

" betwéen 2000 and 2012, The source appendix tissue, archived
in standard histology wax blocks (formalin fixed, parafin-

. ‘embédded) in 41 parficipating hospitals (ses supplementary
table 4), was sent to Public Health England. Many of the
éollaborating hospitals had participated in the earlier appendix
and tonsil survey® by prowdmg samples from appendectomies
before 2000 and agreed to provide additional samples. To
improve geogréphlca.l represéntation of samples, we contacted
additional hospitals in regions with lower levels of participation
in the earlier survey, and collaboration was sought from the
heads of the histopathology departments.

At Public Health Bngland, we selected 2 single block per case

and Forwarded blocks in collections {“bins”) of 50 source
" appendix samples to the two collaborating prion screening
laboratories, at University College London Institute of

Neurology and the Animal Health and Veterinary Laboratories

. Agency, where sectioning, staining, and expert microscopic

examination was conducted. After quality assessment of the
sectioning and staining, each bin of sarples was returned to the |

 laboratory at Public Health England. Before permission was

given to the screening laboratories-to begin examination we
completed a robust, ireversible unlinking and anonymisation

© procedure (fig 1[[}. At the Public Heaith England coordinating

laboratory, we created a survey database that included the survey
number, sex of the case, five year birth cohort, and broad
geographical area where the oniginal appendicectomy hospital
was sited (fig 1, table 1| and supplementary table 4). We
caleulated exact binomial confidence intervals for the prevalence
estimates and compared prevalence between subgroups uszng
Fisher’s exact tcst with a 5% significance level. .

Preparation of sections and :
immunochistochemical detectlon of abnormal
PrP

~ From cach paraffin block we cut a primary set of three sections. .~

We detected abnormal PeP using mouse monoclonal antiPtP.
antibodies KG9 on one section and ICSM35" 2 * on another
{see supplementary methods), visualised using 2
peroxidase-diaminobenzidine detection kit (DAB Map Ventana
Medical System; Roche, Burgess Hill, UK) (fig 2 A-D, F-I|).
To investigate suspect cases and confirm positive ones, we:
repeated the staining on additional, subsequent sections and
with antiPrP monoclonal antibodics (3F4 and 12F10, see
supplementary methods) (fig 2 P-S). Both labératories used

. “identical equipment (Ventana Discovery XT; Roche, Burgess:
. Hill, UK), reagents, and protocols. We also stained half of thé
. samples with haematoxylin and eosin to assess the proportion

affected by inflammation. We assessed ¢ach section set to ensure.

_the presence of five or more follicles and whether the tissue

contained appendix biopsy tissue ot other lissue that may have
been collected in error. In addition to the appendix samples, we
occasionally identified non-appendix tissug containing lymphoid -

- follictes and we included this tissue when it met the criteria.

~ Fromany samplcs with possible follicular i immunoreactivity,
__we prepared 12 additicnal 4 um sections and three 10 um ———

paraffin rolls (fig 1). To determine how the presence of florid ‘ Lo

granulocytic (puralent) inflammation affected the detection of

- follicular dendritic cells in secondary follicles, appéndixes that

met the inclusion criteria (=5 follicles present), in particular
where follicles were partially overrun by granulocytes, we, -

‘carried out CD21 immunostaining—an established macker for -

follicular dendritic cells—on five samples each with- minimal,
moderate, or severe inflammation (see supplementary fig 1).

Expert examination
Once irreversibly anonymised, expert examination at UCL

. Instituts of Neurclogy (SB) or the Animal Health and Veterinary -

Laboratories Agency (MMS/YS) categorised samples as cither
positive, suspect, non-specific, or negative. A positive sample

" showed immunolabelling of a characteristic follicular dendritic

cell network within a germinative centre of a follicle and at least

.one follicle had to contain a small network of immunopositive -

follicular dendritic cells. The positive follicular dendritic cells
had to be present either in consecutive sections in the same
follicle, or in a different follicle on a deeper section. A suspect .

" sample had either weak immunoreactivity in a follicle that did

not corvespond to the typical pattern of PrP positive follicular

dendritic cell, or weak, equivocal reactive staining that was not
reproducible on consecutive sections {fig 3 K, M|}). Specimens
classificd as non-specific showed antibody binding in the follicle

I No commercial reuse’ See fights and reprints hitp:/fwaw.bmj.comipermissions
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centres—for example, in degraded tissue that did not show

- typical follicular dendritic cell morphology (fig 3 J, L, N).
Negative samples showed no immunoreactivity; specific
labelling of non follicular dendritic cell structures within

* follicles, such as macrophages; non-specific (background) .
labelling inside the follicles; or labelling of structures outside
the follicles (see supplementary fig 1). We then referred ail

. section sets of interest (positive and suspect immunolabelling)

to other experts (JWLand DH) for two independent repeat
-examinations, including staining of spare sections at the National
CID Research and Surveillance Unit (fig 3 C). Finally, at three
meetings the expert histopathologists rcvxcwcd each written

. report and slide set to amvc at a copsensus opinion of the .
findmgs :

- ,Determmation'o‘f PRNP codon 129 geriotype

. We determined the codon 129 gcnot}pe of positive samples and
a selection of others using allele discrimination with rainor
groove binding probes. For primary assay, we used a reverse
transcription polymerase chain reaction, which was confirmed

with a polymerase chain reaction based restriction endonuclease .-

- analysis (See supplementary methods).

Results
Materlal examinedand exclus:on of unsu1tab|e-
specimens

A 'total of 40 022 para.fﬁn wax bIocks were processcd in 801
bins; 2C 041 at UCL Institute of Neurology and 19 98] at the -

Ammal Health and Veterinary Laboratories Agency. Overall, '

80 044 immunolabelied slides underwent initial assessment. In
addition, 5720 control sections and approximately 4000 repeat
sections (5%) were assessed. From the 40 022 appendix ]

specimens collected, 19% {7500 samples) were rcjectcclbccausc o

- either no viable follicles were present, the follicles were overnn
" or destroyed by mﬂammatwn. fewer than five.follicles were

. -present, or the tissue Wwas atrophied. The rejection rate varded

"between the sample bins, from zero in 50 (six bins) to-29 in 50

{otie bin). Altogether, 1995 repeat sections were made usually

because of maching failures (54%), incomplete dcwaxmg (14%)
"or pcroxldase—d1am1nohenz1dme debris (12%) (sce
: supplcmcnlary table 3).

_ Detection of abnormal PrP in appendlx

samples and distribution of PRNP codon 129

genotypes

“Thé survey included appendixes from operations conducr.cd
between 2000 and 2012. Of the 32 44] appendixes in¢luded,

16 met the criteria for being positive; selected sections for nine *
of these 16 appendixes are shown (fig 3 A-T). The number of -
positive follicles, the size of the affected follicular dendritic cell

area, and the strength of the immunolabelling, varied between

these 16 samples (for example, fig 2 U-Y; table 1), and positive
labelling was always confined to the follicular dendritic cells -

in germinative centres of the secondary follicles, Another two
appendix samples met the criteria for being suspect (fig 3 K,

M; table 1), Nine samples showed non-specific antibody binding -

in the follicle centre, owing to necrotic degradation of the
appendix as a result of appendicitis (for example, fig 3 J, L, N).
-The rcmammg samples were classified as negative,

Of the 16 positive appendix samples, eight were methionine
homozygous at PRNP codon 129, four methionine-valine
heterozygous, and four valine homozygous {table 1). Cne of
the two suspect appendixes was methionine-valine heterozygous

" and the other was valine homozygous. Transverse and
longitudinal sections were available in the 16 positive

appendixes (table 1). Positive follicles were not uniformly
distributed but showed an.iregular distribution with strong *
Iabelling in several ad_;acent follicles on one cross section {fig
2 U-Y), and fewer or no positive follicles on a different

. transverse or longitudinal level. Between 2% and 20% of
follicles present, in all available sections, were positive in five .~

of the 16 positive samples (the codon 129 genotype was
methionine homozygous in three, and. methionine-valine
heterozygous and valine homozygous in the others); between
25% and 60% in seven sarnples (three methionine homozygous,
two. methionine-valine heterozygous, and two valine '

homozygous) and 75% to 89% in fowr samples {two methionine
-homozygous, one methionine-valine heterozygous, and one

valine homozygous). Thus the-morphology, staining inténsity,
distribution, and proportion of positive follicles (fig 3) were

) mdependent of the codon 129 genotype (table 1)

_ Difference between antlbodles used in this
- study. :

Strong labelling was usua[ly produced by antiPrP anubody
ICSM35 {fig 2 A, B), whercas antiPrP antlbody KG9 gcncrally
showed weaker immunoréactivity in the same follicles on
immediately adjacent sections (fig 2 F, G), in contrast with
sporadlc Creutzfeldt-Jakob disease brain sections, where both
antibodies showed identical signals (fig 2 C, D, H, D

- Application of different retrieval methods for the positive

appendix sa.mplcs, such as longer microwaving-or autoclavmg, ]
or formic atid prelrcatmant did notincrease KG9 ‘
immunoreactivity. Having observed the difference between

. ICSM35 and KG9 on the initial positive appendixes, we further '
-apphcd well established diagnostic antibodies 3F4 and 12F10% 16 -

to sections adjacent to any positively labelled sections, and again

-~ immunolabelling generally- was weaker or undetectable (for
- example, fig 2K, L, P, Q). All four antibodies yielded a strong
- signial on brain sections (fig 2 C, H;M, R and D, I N, §) and
-formic acid-treated tonsil bmpsy samplcs from vCJ D cases (fig
2B L0, T)..

Folllcular dendr!tlc cells degradat:on in
inflamed appendixes

Robusl: CD21 immunelabelling of follicular dendritic cell was

" . seen in all follicles in appendixes with no or minimal

granulocytc infilication {ses.supplenientary fig 1 A-C), whereas

' -fewer CD21 positive follicular dendritic cells were seen in
- moderately inflamed appendixes (see supplementary fig 1 D-F)

and none in severely inflamed appendixes, where follicles were

. overrun by inflammatory cells (sec supplemeritary ﬁg 1G-I).
- This indicates that the exclusion of inflamed appendixes from

the survey samples was justified, as no PrP immunolabelled
follicular dendritic cell would have be¢n detectable,

Prevalence of abnormal PrP by birth cohort
sex, and geogdraphical area

The observed prevalence of abnormal PrP was 493 per million
population overall (table 2)). The prevalence of 733 per million
(95% confidence interval 269 to 1596 per million) seen in those

boin in 1941-60 was not significantly different from the 412
" per million (198 to 758 per million} seen in those born between -

1961 and 1985. When these two bitth cohorts were subdivided
into nine birth cohorts (1941-45, 1946-50, etc), there was at
least one positive appendix in each cohort apart from the
1961-65 cohort (table 2). Although 10 of the positive appendixes
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had been coliected from men and six from women, the difference
was not statistically significant. When the safples collected
from 41 hospitals throughout England (see supplementary table

. and north west; south east coast, south west, and London; and

East and West Midlands), there were no apparent geographical
- differences in abnormal prion prevalence. Because all the survey

. appendixes were ¢ollected from operations condueted between
2000 and 2012, and the previous operative history of the 177
vCID cases in the United Kingdom is known, it can be

- concluded that none of the positive appendixes came from

known vCID cases.

Discussion

In 32 441 formalin fixed paraffin embedded appendix samples,

we found 16 specimens positive for abnormal prion protein

_ (PrP), indicating a prevalence of 493 per million population”
overall, and it was similar in both sexes and across r.hc thrcc

broad geographical areas samplcd

. Alt.hough the overall prevalence estimate, 493 per million (95% ‘

_confidence interval 282 to 801 per million), was double the

point estimate measured in the earlier survey of appendixes (237
. per million, 49 to 692 per million),’ the estimated prevalence -

range largely overlapped that from the first survey but was

" narrower with a higher central estimate (1:2000 v 1:4000). The . -
current survey also shows the presence of PiP’ across 2 w1der )

birth cohort than found prcvmusly

Genotypes of’ posmve appendlx samples

- A striking finding ofithe first appendix-survey was the: prcscncc -

~ of the valine homozygous genotype at PRNP codon 129" i
two of the three positive samples. The present, lacger study

gives amore rcprcscntauvc picture of the frequency of genotypes .

and the variation of immunclabelling in these positive

appendixes: 50% of the 16 positive samples were methionine -

_ homozygous at PRNF codon 129, 25% methionine-valine
heterozygous, and 25% viline homozygous, in contrast with
*" the normal distribution in the population 0of 43%, 45%, and 13%,

- respectively (seé supplemeritary fig 2). When we combined the ..
findings from both appendix studies, a higher number of valine.

homozygous cases were observed than would be expected (6.
of 18) in the genotyped appcndlxcs compared with the overall
" UK population genotype frequency' (P=0.02, Fisher's exact

test). This increase of valine homozygous genotypesin posmve_
. appendix specimens differed from the 177 patients with vCID, *
. all of whom to date have been methicnine homozygotes (P<107,

Fisher's exact test, see supplementary fig 2).' > ¥ '

Technical aspects of the antibodies
On a technical aspect, our study revealed a performance’
difference between the antibodies used whereby JCSM35 had

a higher signal to noise ratio than either KG9, 12F10, or 3F4.
This is in contrast with previous studies where 3F4 and XG2

" -were used. The prcvxous ‘appendix survey® used 3F4 and KG9-

but not ICSM35. All antibodies detected weak cortical PrP

labelling in autopsy material (fig 2 D, I, N, 5) and were validated:

with formic acid treated tonsil biopsies (fig 2 E, J, O, T). The
appendix biopsy samples were material from surgery, usually

rapidiy and short term fixed in formalin and not treated with -

formic acid. It is possible that ICSM35 was more sensitive at
detecting abnormat PrP in such biopsy samples and that the
other three antibodies benefit from formic acid treatment after
formalin fixation, as suggested in figuwe [ E,J, O, T.

Importantly, all four antibodies detected the same cell type in
immunolabelled follicles of positive appendix samples.

. L . Several studies have validated immunohistochermistry in -
4) were grouped into three broad geographical areas (north east -

combination with appropriate retrieval technigues as an adequate
tool to-detect abnormal PrP and underpin the validity and
reliability of previous stidies and the present study to detect

_abnormal PrP in archival material,** ® despite the unavailability -

of antibodies specific for abnommal PrP and suitable for formalin
fixed, paraffin embedded materjal. Importantly, these studies
also concluded that lymphoreticular accumutation of abnormal -
PrP is a specific fcaturc of vCID in prion diseases in humans,

: SenSItlwty of the tests

For several reasons, immunchistochemically detected posmwty
in appendixes may underestimate the prevalence of abnormal

- PrP. Firstly, it is assumed that tissue in an appendix block is

adequately represented by the two adjacent sections that were

- screened. Althongh under-sampling would be a problem only

in those appendixes that contained positive follicular dendritic
cells in one or a few follicles, such biological variation could
cause our method to have reduced sensitivity and lead toan
underestimate of the prevalence. of abnormal PP, Anifnal
pathogcncsm stirdies suggest that at early stages of the incubation
petiod the number of positive follicles is low and increases with
incubation time. ™ Secondly, the proporuon of positive
appendixes at post—mortcm examination in vCID cases hds been

- found to vary from 19 of 20 (95%)™ to one of four (25%)™ (see
- supplementary table 1). Thirdly, we confirmed by using CD21 .

immunostaining for follicular dendritic cell that inflammation

. destroys these cells, ‘hence reducing the number of potentially -
“positive samples (fig 1) In our series, however, only 12% of -
-appendixes were rejected owing to inflammation {see

supplementary table 2) and the absence of labelling of abnormal .
PrP in any of the acutely inflamed appendixes that were ’
examined makes it unlikely that inflammation triggers PcP -

. dcposmon Fourthly, as with the first appendix survey, a

limitation-of the second survey for estimating the prcvalcnca

- of asymptomatic infection-and prcdxcung furure numbers of- | -

vCID cases is that it is not known at what stage during the

.. incubation. pericd-abnormal PeP.can-be detected. in lymphoid... ... R
. tissue. .

: Discrepaﬁdy between prevalence estimates
-and vCJD incidence

' To date the discrépﬁncy is growing between the prc,\?alcncc of

vCID prions cbserved in the exposed population and the

- relatively small number of patients who have developed vCID,

whatever the true sensitivity and specificity of prion specific
immunohistochemistry in appendixes. The number of patients

- with.clinically manifest vCID (177 cases at June 2013} is well

_bciow the number suggested by the prevalence of abnormal
prion, even for those who are only methionine homozygous at

- PRNP codon 129 (an estimated 6000 cases). Nevertheless, these

data are in keeping with recent-animal experiments, which

. suggest that the human transmission barrier for bovine

spongiform encephalopathy (BSE) may be high for clinical
disease but substantiafly lower for peripheral lymphoreticular

"." infection.” Although clinical disease {infection of the central

nervous system with vCID prions) may greatly favour the
methionine homozygous genotype, peripheral lymphoreticular
infection may be much less selective, or even favour the valine

. homozygous genotype (see supplementary fig 2). Therefore,
the prevalence data raise several important issues. Firstly, it is
not known whether hosts who are methionine-valine *

“heterozygous or valine homozygous and carry immunopositive
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lymphoreticular tissues are protected from developing vCID or
© if they will evenmally develop clinical prion disease, and if so
"how prolonged the incubation period would be. Sccondly, itis
. unclear the extent to which the risk of de.vclopmg vCIDin -~
_someone who is methionine homozygous decreases with age at
. exposure and whether this decrease is so-great that a parpetual
. asymptomati¢ carrier state is the result. Thirdly, it is not known
whether carriers pose a risk of transmitting the disease through
surgical procedures” or through blood and other tissue donation.
Finally, it is niot-known whether host carriers who are
_ methionine-valine heterozygous and valine homozygous and
develop clinical prion disease will present with clinical signs -
. of vCID with the PrP slycotype corresponding to type 4* # (also
dcsignated type 2b™). The PcP glycotype is a biochemical
-signature, determined by the glycosylation of specific sites of

the PrP molecule which distinguishes sporadic and varant CID.* -

It is possible that the transmission of vCID through
contaminated blood into people who are methionine- vahnc
heterozygous™ ** also results in a type 4 (2b) glycotype
characteristic for vCJD (like those with methionine
homozygosity) or may it instead present with a different, novel
* phenotype and glycotype, as suggested by some expcnmcntal

" transmission studies.’* Some answers may come through case’

sorveiflance, especially when combined with- rou_tmc tcstmg of

. the PRNP codon 129 genotype; and by testing the PrP glycatype
-of central nervous system 'samples in all autopsies of patients

with prion disease, regardless of their clinical presentation.

Data from blood transmission studies in sheep suggest that blood

"infectivity is present early in the incubation period, whatever |
the primary route of infection,™ If a precautionary approach is .

- adhered to, and it is assumed that the presence in humans of

. abnormal PrP in lymphoreticular tissue is synonymous with

. blood infectivity, then the observed prevalence of abnormal

_ prion suggests that more instances of vCJD transmission by

- "blood transfusion should have been recognised in the United

"Kingdom by now.* Should transmission by way of blood

‘transfusion prove efficient in humans, subject to certain -

: assumptmns mathematical modelling suggests that only a small
number of fitture vCID) cases may be éxpected to arise in both
the methionine-valine heterozygous and valine homozygous
genotypes through primary transmission. Instead, a larger

- . pumber of future cases may occur as a result of secondary
- jatrogenic transmission in all genotypes, and should this
secondary epidemic arise, it would do so over decades.”

. Before concluding that the clinical course of BSE related
abnormat PrP in humans must differ from that in sheep, it would

be prudent to measure the prevalence of abnormal PrP in human

- blood. As soon as a satisfactory human. blood screening test
becomes available in a scalable format, stich an unlinked
anonymous survey should be undertaken. Meanwhile, atthough
the discrepancy between prevalence of abnormal PrP in

- appendixes and observed cases of vCID as-a result of blood

transmission suggests that the risks of transmission of vCID by

blood transfusion are low, it is unclear how many blood” -
recipients may have subclinical disease and if their life
expectancy is shorter than the mcubanon time. Therefore it is
essential to continue research into tests to detect abnormal PrP

in blood.

* Conclusions

The second appendix survey has provided the most robust
measure of abnormal prion prevalence to date, and has shown
a wider birth cohort and all genotypes to be affected.
Interpretation of these findings will be aided by a further survey,
already begun, of appendix specimens surgically removed bgforc

the BSE epizootic, in the mid to late 1970s, to inform about
prevalence in the absence of dietary exposure,
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Tables

Table 1| Sumrnary of appendix sainples with positive, suspect or non-speclﬂc Immunolabell[ng for abnoimal prion; protein (Prp), by sex,
geagraphical area, birth cohnrt codon 129 genotype, and analysis of PrP positive fdllicles,* and a detailed breakdown of ICSMBS
immunolabelling, and number of foll!cle.s with weak (+), Intermediate (++); and strong (+++) posm\nm

Positive

samples: . ‘ . .
113119 . M Noth: . 194650 MM 2 4 - 5 5 - TSI 108 (35)  9A7 .
: ' 0 — — — 4 T52 :
, . 0 — — — ) Ts3 . .
'2,14784 - F  Southand 195660 Wy 1 - - 1 -4 - TS~ -2M0(20) - 3G
' London B 1 = P . S Té2 T
3,15048- M  Southand. . 197175 MY o 1, 2 1 0" TSt 47(s7). . 3D
: . London C ' 0 _ . il a a2
: . . 0 — -— - 0 s,
416937 M Souhand - 1976-80 MM . 2 — 3. 1 0 TS . - 4/5(80) . 3B
- S F.ondon o o o — _ — 3 1S . T
525173 © 'F  Notth 196670 WV .0 3 - 2 'R T$1 . SA1(S) . aH .
C : g — — = 3. 82 .
.- ‘ . 0 — — — -3 s .
6,26612 . F MNorh 197175 MV o — 1 1 6. - T81. .28y . .3E
: . 0 — — — N
S 7,28441 M- _Midtahd; and *_ 1956-60 MV 0. — 3 — 0 TSt 2528{89) " 2A,B
. east 0 1 1 1 1 TS? igg
. . 2 9 6 4 2 s - o )
'8,31327 F - Noth | - 196670 WV 2 — — 4 5 TSt . 4M1(3E) 3t .-
' ’ - - 0 - - — 0 - TsR e T .
L _ - , 0 — — - 2 s
;32182 F  Midlandsand 195660 WV 0 — 2 = 1 TS 1215(80) 3F,.
- | et 0 - 2 4 -0 TS2. Y
. _ . 6. — a1 2 . Tss .
10,34038,° M Midlandsand- 198185 MM 0 — - — 1 21 LTS - )
. east ' ‘ 0 - ~ .5 7 182
. _ 0 — - — 14, Ls _
11,36521 M _ Souhand -~ 196670 MV 6" — — — 0 CTS1 . 174{28)
London . . 1 1 _ — 3 TS2
. , . ' -0 - = — 0 TS _
12,38647 .. F  Southand 1901-85 MM 0 1 — - 2. T8t ‘BlE0(12) 3G
: London - ' 0 2 _ — 2 . Ts2 : -
o ‘ 1 — 1 E
13,3007 M Souhand 197680 MM ) -~ - a TSI 616 (38)
: London o _ 1 _ 1 Ts2
) 0 - = 5 1 TS3
14,39121 M South and 1976-80 MM 0 —_ e — 0 TSt 149 (11}
London 1 — - 1 5 52
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Table 1 {continued)

. . R 0 — _ — ‘3. LS .
1542181 M. Southand 195155, MM - 0 3. = ] 1 - - TSt 314 (75)
Londan Q - _ __ _ o . T2
, 0 — - — 0 183 .
16,42650 M Southand = 194145 MM - 1 1 2 — o IS - 305 (60)
Londan [} 1 — — 1 “T82
2 1 — 2 0 181
C 1 1 1 2 Ls2
Buspect . R ’ T - _ o
samples: : - B . ' - )
/118992 F ' Midandsand 19S5-1860 W D - — - 4 TS1 100 aM
.east_ : o 1 __ - 5. g a2 - . (I -
co ‘ 0 . — — 0. Ts2 o
2, 20050 U " Southand 19511965 MV 0 - P 0 TS . s . 3K
L London ' ' 0 1 - - 16 L8 s '
Nonspecilic ' g
. stalning: Ll
1,15368 .M Saouthand 19511985 MM = — - — — - T - -
L .Londen . - : . D ' . )
'2,19878 ° U’ Southand * - 18611965 MM - — . . —. - — s _ - - 3l
D T ) - T T P T Ty P DU PR
3,20174° U Souhind  1981-1985.— = e
. . ~ . london . . C . - . : . - s
-.4,28701 ° F - 'Southand ' 1961-1885 WV == — et e o
o _ London - ‘ S . : o -
6, 25655 F . Noth °~ ' 19714978 MM - . — . i~ = — - —  — e —
531000 . F _Noth .  1956-1960 - i~ = _ = - — S
6,21616 M., Midlndsdnd . 18761880 = T L T o T TUan el T e
. east . ’ L . ) . :
B A0 1 M T U T e 0 S T 1 B L e e = B = = ':_ e R
' ' cEast . - S . . . . ) :
6, 34591 F  Midlands and. - 1981-1985 — S - S = - — - = A
. ] - oeast . e - ‘ . B . o
9,42712 - F  Soulvande  19§1-1955 — _ = - - = S — —
: Lonidon S g = - ) e

MM-mell‘llunIne homazygous; VV=valine homozygous "MV = methtomns-vallne heterozygous. Uuunknnwn
Most of the specimens showed an uneven distritiution of positive follicles—that is, only in one of several sez:ttons wathln the specimen{ror example, 13119, 15048,
16937 25173, 25612, 31272).A few shuwed a homogenous distribution of posllwe follicles across all pans of the speclmcn (for exarnpla. 14784, 28441 or 32182},
This distribution was lndependen( of the |ntensuly of staining of individual follicles. . . .

. *Number of fallicles | positive with KGS. '
1Specimens contained transversé sections (TS} and Iongllud' inal seclions (LS) of tissue with vanable numhers of positive and total follicles.
$Mouse monoclonal antiPrP. antibody KGA. .

- §Mouse rnonoci_onal anltPrP antibody ICSM35,
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. Fahte 2] Prevalence of abnormal prion protein in appendix sgmples from operations conducted in England between 2000 and 2012 by area,
_ sex of patient, and five year birth cohort ’ '

%

194145 - 0/65 -oft63 . . 096 - - 1086 T onmss 01g2 . T 1H420
1946-50  OMSE 11209 . 0/401 ... o348, C omr2 . ome2. . . 1lsis
i981-55 ©  o/48  O/63  OAT4 . - 1372 oreBs o288 . 112124
1956-60 - 0/421 - 0R16 - 11580 .. o502 1357 1889 .. ‘arerte
106185 .  OM51 a/420 oioez .. . ¢ 0l800 " om3s . 0/493 . T o3
1966-70 2502 - 0/554 . onad . 1774 .. omiz w574 . . 3/080
197175 - 5s4 © oS30 . o/8BS - 1/ae8 o520 | o2 . 204408
1976-80 0/594 o634 - . 0MO3S. . anods Coma3 - o/s40 . 35184
1981-85 .~ /824 o4 ansst - 01417 0707 Tusss C . 27140
Tolal . 3/3825 . 1/3953 2/5624 716165 143902 - a4328 - 16/32441
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(CSM35

" KG9

' 3F4

- 1ZFiD

e 5 i

Fig 2 Immunolabeliing of posifive appendix.samples and.positiveé control sections staitied-during'same machine run: First
-and second calumn: abnormal prion protein (PrP) in pesitive appendix sample (A28441). A, B: robust immunolabelling with
antibody ICSM35 in' several follicles (A). Higher magnification (B) shows characteristic labelling of follicular dendritic cells
‘in one follicle. C, D: immunolabelling of section that served as external pesitive control in'same machine cycle, containing
- section of cerebellum (C) or weak synaptic or perineurénal hét labelling.in the frontal cortex (D). F, G: antibody KG9 shows
-weaker but unequivacal immunolabelling of immediately adjacent section, whereas other antibodies (3F4, K, L) and 12F10,
P, Q) do not show any signal. All.cerebellar séctions show rebust immunolabelling-(C, H, M, R} and there is less intense -
labelling of a cortical ribbon (D, |, N, 8), characteristic of sporadic Créutzfeldi-Jakob disgase with type-3 glycopattern. .
‘. Antibady 12F10 shows slightly weakerdétection’of gor gal PrP-(N)-Formic deid trédted tonsilbiopsy sinteénse .
-immunolabelling pattern with ICSM35 and KG9. U-Y: distribution of weak, ihtermediate, ‘and strong immunolabelling of
positive-appendix {A32182). Red squares in low power overvigw (Q) corréspand to panel R-U. Appendix shows positive - .
labelling in 12,of 15 follicles. UJ; section corresponding fo TS1 (see table 1} is on {op, TS2 is located bettom left; and TS3 .
" “bottom right. Scale bar.corresponds o400 pim {first; third;. and fotrth columns; A, C, D, F, H, L.K,M, N, P, R, 8),.100.pm

{second column, B, G, L, Q), 6 mm (w, and 200 fim (vCJD tonsit colurin E, J, Q, T and V-Y)
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.

. Immungstaining results of appendix sa_mples _
- Posifive . . Suspect Nen-spevific

Flg 3 Examples of appendzx s‘amples d|agnosed ‘as posmve, suspect and non- specmc for abnormal prlon protem (PrP)
A-C: examples of positive samples with methionine: homozygous genotype at PRNP codon 129. Intrafoliicular- dlstnbutlon

.and.intensity.of PrP show.some.variation;.and all follicles show,cesp. fobust staining. of follicular. dendritic cells. Insetin.G..

shows area with foilicular dendritic cell ai high magnification.D-F; three samples with variable positive Iabellmg, |IIustrat|ng

varighi Ilty‘ih sizgznd intensityof staining. Ingetin Fshows higks magnification: of follicolar ‘dendriticeellingentrer G=l positiver - -
follicular-dendritic cell i in-cases withvaline: homozygous genotype at PRNPcodon 129, showing: stmllarvarlablllty asprevious ..

» cases. K; M: suspect cases, showing weak: labelling of structures that may correspondito follicular dendritic cell; but not
.confirmed in ‘subsequerit immunostains. J, L, N: ian:specific cases, with-antibody biriding to.stiuctures in follicle centre that -
do not correspond o.viable follicutar dendritic cell. J and N. are necrotic follicles where follicutar denditic cell structure has

disappeared, and L shows antlbody blndmg in an grea of poor morphologacal preservatlon. Scale bar 200 pm (50 |,1m in 7

A [nsets) e
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‘1. Introduction (background)

Human urine is used to prepare several products indicated in the field of endocrinology, such as human
chorionic gonadotropin (hCG), human menopausal gonadotropin or menetropin (HMG) and folllcle—
stimulating hormoene (FSH) and urokinase products used for thrombolysis. These hormones and
urokinase extracted from pooled human urine were available on the market as early as the 19?05
Significant-improvements in the manufacturing processes of these products have been introduced in

. the 1950s in order to reach a-higher purity profle In parallel, marketang authorization dossiers have

been updated as regards the viral safety standards set during this decade.! Urine may be naturally.
contaminated with viruses harboured in the urinary tract. Other viruses arising from the genital or
intestinal tract during urine collection may be present in urine donation. Assessment of the viral

- clearance capaaty of manufacturing processes has shown that the purlf‘ ication processes of these
: medlcmal producl:s contain several steps able to remove/mactlvate adventltlous agents These data -
' prowde support that the viral safety record for this class of products-is largely due to the extractton

" and purifi catuon processes.

“The emergence of variant Creotzfeldt-Jakob‘ disease (vCID) in the 1990s and more recently the cases
‘of apparent iatrogenic vCID infection by blood transfusion in man in the UK prompted EMA to assess |

the risk linked to the useof'urine derived. products as regards this new form of'CJD Expert meetings
addressed thls question in 2002 and 20072 and the results of these assessments were included in the
Position statement’ on Creul.zfeldt—Jakob disease and p!asma -derived and urine- ~derived .medicinal .
products and its revisions (February 2003, :June 2004 and’ June 2011). 3 :

2 Scope

Medicinal products derived from human urine fall under the definition of Article 1(2b) of Directive”

2001/83/EC* as follows: "‘Any'substance or-combination of substances which may be used in or .

" administered to human beings either with a view o restormg, correcting or modifying physnolog:cal ‘

functions by exertlng a pharmaco[oglcal xmmunological or metabol:c action, or to maklng a medlcal .
diagnosis.” Co

"This document addresses spec1f" ic aspects which should be taken into consnderatlon tn the evaluat:on of
K vural and TSE safety of medicinal products derived from human urine.

3. Le’gal basis

. This. gurdelme should be read in con]unctlon with the introduction.and general principles (4) arid Annex

I to Directive 2001/83/EC as amended 4

4. Adventitious ag’ents_ safety

‘4.1. Selection of donors

Generaily, donations of urine are from volunteers, who are instructed to refrain from donating in case
of illness. In addition, for enrolment in a donor panel manufacturers should establish exclusion criteria

"with respect to the general status of health as far as this Is feasible: Accordingly, for urine-derived
" hormones, which are sourced from a relatively small well-defined donor population, manufacturers

have put in place llmlted‘exclusmn criteria for the selection of a donor. However, for other products
manufactured from very large donor poels (e.g. urckinase), such measures are difficult to apply.

Guideline on the adventitious agent safety of urine-derived medicinal products
EMAJ/CHMP/BWP/126B02/2012 Page 3/6
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.As urine collection takes place outside of professional supervision these criterla would not be checked
-at each donation unlike blood/plasma donors. Therefore manufacturers should follow up the donor

criteria at defined intervals.

4.2‘. ProcésSes

. Two classes of drug substance are derived from human urine - hormones (hCG hMG, FSH) and
. urokinase. Manufactunng strategigs vary. accordmg to product and manufacturer They generally

consist of extraction, prec1p|l:at|on and purchatlon steps, whlch are applled after individual urine

Yrine may be contamlnated with wruses harboured in the urlnary tracl: or with viruses ongrnatlng from X

the genltal or mtestlnal tract. Taklng into cons:deratlon limitations associated with testing of Iarge
urine pools: used as starting materlal virus safety majnly relfes on the potential -of the production

'process to inactivate or remove wruses Manufacturers are therefore required to mvestlgate the'
’ capacuty of.their manufacturmg processes to |nact|vate/remove a: broad range of viruses. representmg
" varlous physice- -chemical properttes The available data suggest effi C|ent clearance ‘of viruses, which

may contaminate the unne pool, by defined steps in the manufacturing process. ‘More specifically, for

urokinase dedicated viral cléarance steps often consis't jof a pasteurisation step and nanofiltration. As’

regards.the urine-derived hormones, virus clearance is attributed to‘a combination of process Steps,

. which are specific for the individual-manufacturing processes, such as alkali treatment, preclpltatmn or
.chromatographic steps. Manufacturers of urunary«derived hormones have been.encouraged to

' incorporate nanofiltration to further |mprove dlearance of highly resistant, small non- enveloped wruses

-and several manufacturing processes mclude such a virus fi ltrat|on step.

Due to the number of places where starting matenals aré sourced, particular attention should be given

by-imanufacturers: to-the: overall- Quahty Assurance—System m-place for-the whole collection system and TR
- to the valldatlon/control of the early productlon steps of the manufacturlng process S

-,4.3. Invest:gat:anal studies of mactlvatmn/reductlon capac:ty of the -
Lmanufactur;ng processes :

7 Stotlies: The—
Des:gn, Contnbutron and Interpretatlon of Studles Val:danng the Inactrvat.ron and Remova! of Vlruses

[T,

A'”.'"(CPMP/BWP/268/95 rewsed) This: ‘section contalns further gmdance televant to urine denvatrves The'” -
. viruses that are the' more freqUenl:ly found in human urine are hepatitis B virus (HBV), human ‘

cyl:omega[ovrrus (HCMV), and those from paplllomawrus and polyomavirus.genus. The. presence of 7
other viruses broughl: by faecal contamination cannot be excluded (e.g: hepatitls A virus (HAV) or y

other enterowruses hepatltls E virus (HEV), adenowruses, norov:ruses, astrowruses, coronavnrus I:ke

particles, rotawruses)

.Vtruses to be used in valldatlon studles on urine-derived: medlcmal products should include:

Enveloped viruses ‘ '
' « enveloped RNA viruses (e.g. bc‘wine vi'ral diarrhoea virus (BVDV))

Enveloped RNA vlruses such as rubella virus, mumps virus or measles vrrus are shed into human unne
during acute infection. RNA from numerous additional enveloped viruses has been detected in human
urine. Even if the presence of infective enveloped virus partlcles in urine is unlikely in many cases, it
cannot be totally excluded. Various enveloped RNA-models have been used to valldate virus
inactivation nethods. However, to date, the pestivirus bovine viral dlarrhoea virus (BVDV) is
considered as a worst-case model for other RNA enveloped wruses

EMA/CHMP/BWP/126802/2012 Page 4/6
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« enveloped DNA viruses (e.g. herpesvirus, pseudorabies virus (PRV))

Humian cytomegalovirus (HCMV) cén be transmitted via urine. It is recommended to |nc[ude a
herpeswrus such as pseudorabies v:rus (PRV) in the panel to model DNA enveloped viruses. For the
validation of steps based on size exclusion (virus filtration) studies with herpesviruses are not

' necessary. Currently, there is no practical test system for hepatitis B virus titration. The duck hepatitis

B virus (PHBV) may be used as a model of human HBV. However, it requires the use of its natural

: anlmal host {duck or prlmary duck cells) for titratlon In consequence, there is no genera] reqmrement

to include DHBV in the v:rus panel.

Non- envelooed viruses SV40 and animal parvovirus

Infectious poiyomav:ruses, adenoviruses and enteroviruses can be found in human urine, SV40 asa -
member of the polyomawrldae virus family should be used in validation studies. SV40 is also relevant
to represent HBV in size exclusmn steps. Viruses which can be excreted at’ hlgh titers in human stool
include many non- enveloped DNA or. RNA viruses such as- -adenoviruses, hepatitis A virus (HAV) and
other énteroviruses, hepatltls E virus, noroviruses and astrowruses An appropriate mode! for hlghly
resistant small non-enveloped viruses should be |ncorporated in the panei. Th|s may be chosen’ among: '

_porcme canine, bovine and murine parvoviruses. In some specific cases, it may be justified to include
HAV i in the panel to rnodel enteroviruses ‘(for example when one step is not expected to be efficient on

. @ more resistant virus like porcine parvowrus)

4.4. Oi/eréll viral 'and TSE Safety

Urme derlved medicinal products have been used in the treatment of a nurhber of cond[tlons for
several years without any-suspicion that they are responsible for the transmission of any |nr'ect10us

‘agents. Itis nevertheiess fundamental to perform risk assessments for the overall transmtssuon I'ISkS a
‘for-uririe- denved redicinal products ‘

The fo[lowmg are likely to be the main components of each overal[ risk analysis. Est:mates of the

] robustness of the analy51s in each case m:ght usefully accompany each component,

" 1. Viral epldemlo[ogy for the region where. coiiectlon takes place, and for the specific donor :
population there (i.e. on the basis of age, gendeér, and endocrinal status). o
. 2. Onthe basis of the epidemiolpgy data and taking into con5|deratlon the capacnty for human
Kidneys, urinary and genital tracts to harbour pathogens, agents which are'most likely to be
relevant for the product. couid be. identified. _ ‘
3. Ponor selection criteria, encompassing donor briefing Strategies with an estimate of how
. effective they might be in particular populations, and donor-motivation factors.
‘4. The donation and coliection systemi up to the start of poolmg, and lncludlng the secunty and
hygienic rmeasures in place, :
S. Any information available on the Quality Assurance System, Audits and Procedures foliowed.by -
the manufacturers to control the collectlon system and early productlon steps of the dlfferent
manufacturers/suppllers ' . -
. 6. Pooling strategies with a consideration of screening tests performed.
7. The extraction and punFcatron methodologies, including a consnderatlon of any further
~ pathogen screenlng tests applied, and the indication of the point at which GMP starts.
8. The effectiveness of each TSE agent and virus elimination step apphed and the relevance of the
‘results obtained with model viruses.-used in validation studies with regards to the wrus that
may be found in the starting material.

Where practicable, consideration should be given by companies to presenting estimates of the
probabilities of individual doses of a urine~-derived medicinal product being contaminated with a
pathogen. Such risk analyses should follow the methodologies developed for plasma derived medicinal

Guideline on the adventitious agent safety of urtne-derived medicinai products
EMA/CHMP/BWP/126802/2012 Page 5/6
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' -Valldatlng the Inactlvatlon and Removal of V|ruses (CPMP/BWP/268/95)

- risk (CPMP/BWP/5136/03)

products and should take-into account viral safety aspects described.in the plasma de'rived medicinal’
products gutdelme and the guidance concerning reduction of TSE agents discussed in the SCHMP

_Position statement on Creutzfeldt-Jakob Disease and Plasma- denved and Urine- derlved Medicinal

products™ and in the gmdehne on “Investigation of Manufacturlng Processes for Plasma derlved :
Medicinal products with regard to vCID risk”.% Risk analyses of this nature should appear in 3.2.A. 2
Adventitious Agent Safety Evaluat[on of Marketmg Authorisation appllcations

A
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Visceral Leishmiariiasis
. transfusxon

Diagnosis

 Brazil

" The aim of the study was to detect asymptomatic infection by Leishmania sp. in blood
donors. Serum samples (430) were tested by Immunofluorescent Antibody Test, and an
. ‘interview with the blood donors was carried out. Antlbudws were cletected in 15.6% of -
' samples. The vanables associated with the infection were: origin of the donor. presence '
of builds, parks or squares, sick dog in the neighberhood, and neighbering with leishman-
. iasis. It was observed association between origin of donors,and the presence of sick dog. It
is important a careful screemng of donors,. due to the nsk of mfectwn through blood

© 2013 Puhllshe_d- by Elsevier Ltd. _

1. Introduction = -

" Visceral.Leishmaniasis (VL) is a severe parasitic disease

wihich affects between 200 and 400 thousand people.

worldwide, with ‘annual incidence of approx1mately
20,000-30,000 deaths [1].
In Brazil, VL is a zoonosis caused by the protozoa

Leishmania infantum chagasi and 90% of the all cases de--

scribed in Latin America occur in this country. This disease
is expanding geographically. following urbanization

- processes and it is considered-an emerging and reemerging

disease in urban and rural areas [1]. VL is endemic in at
léast 21 Brazilian states, being considered a public health
threat with outbreaks of difficult control {2,3], In 2011
'3894 cases of VL were confirmed, with a lethal index of

" #* Corresponding author, Address: Laboratério de Parasitologia Clinicaf
CCBS, Universidade Federal de Mato Grosse do Sul, Caixa Postal 549,
Cidade Universitiria, S{N, 75070-500 Campo Grande. Brazil. Tel.: +55 67
33457691; fax: +55 67 99800435.

" E-mail address: elizabeth.dorval@ufims.br (M.E.C. Darval),

1473-0502/% - see front matter ® 2013 Published by Eisevier Ltd.
http:ffdx.doi.orgf10.1016/j.transci.2013.07,009

6.7%. In Mato Grosso do Sul this disease is feport'e'ﬂ'-in'SS

_out of 78 municipalities, with.a high number of cases in -

Trés Lagoas, Aquidauana and Corumbd. However, more
than 50% of the cases were registered in the capital city
of Campo Grande. In the last two years, an increase in con-
firmed cases (17%) was observed, but a reduction in the
lethal index (42%) was observed as well [4]. .~ o

Asymptomatic. cases of VL have been reported in India -
[5], Iran [6], Italy 7], Iraq [8] and Brazil [9-13). Based on
this data, the risk of VL transmission by bidod transfusion.

*should not be ruled out. Considering several aspects such

as severity of the diseaseé, its evolution related to immuno-

" logical status of the host, the immunosuppréssion of blood

receptors, difficulties of control, epidemiological changes

-and the need to know aspects related to the transmission

in different areas, more- studies to evaluate the
transmission risk of Leishmania sp. by blood transfusion .
are needed. Therefore, the aim of this study was to detect
anti-Leishmania antibodies in b[ood donors in an ‘endemic

area in the Midwest of Brazil.
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The 'study' was carried out in the Hematology and

Hemotherapy Institute of the state.of Mato Grosso do Sul
“José Scaff' - Hemosul of Campo Grande, MS, from April
to November of 2011.

A total of 430 volunteers without history of infection by
VL and clinically healthy were included in this study.. All -

donors were submitted to an interview in order to obtain
demographic, socioeconormic and epidemiological infor-
mation. Patierits who were seroreactive to Trypanosoma
-cruzi were excluded from the study. The present study re-
ceived approval from the Ethics Committee in Human Re-
" search-of the Universidade Federal de Mato Grosso do Sul
{protocol n®1976 CAEE 0037.0.049.049-11).

Sera samples were evaluated by Immunofluorescent . ',
Antibody Test (IFAT) (Kit Instituto Biomanguinhos da Fun- -

daciio Instituto. Osvaldo Cruz - Rio de Janeiro), following the

manufacturer’s instructions. Samples were considered posi- .

tive if IFAT titer >1:80. Antigens utilized in this test were
- from Leishmania major-like obtained from cell culture. To
peiform this assay, the conjugate wastitled and in each slide

was included a negative and pésitive control. Slides were |

read by two independent Iaboratory technicians.

. The statistical analyses were performed using Epi- Info
3.5.3 {Centers for Diseases Control and Prevention, Atlan-
ta[GeorglaIUSA} and BioEstat version 5.0 (Somedade Marni-
© raud, BelemlParaIBrazﬂ) The chi-square test, chi-square of
" ‘tendency and Fischer's test were used to verify associations

among the variabies studied- and prevalence ratios, which.

- were calculated-with confidence intervals of 95%. To esti-

“miate the ddjested” li'x*e'\i"ﬁlence ‘ratios, the Cok régr‘és'sioh' -

. was utilized (with tlme equal to 1 unit), using in the pre-
selection variables with significance <20%. The variables in-

cluded in the final model were defined by the baclcward .

selectxon

3. Results

- Antibodies against Leishmania were detected in 15.6%"
T (Cr95%: Tange Troni 12.2% to 19%) oiit'of 430 blood doddrs. ™
In the population studied 70.2% were male, median-age

was 32 years (range 18-68), 65.3% were locals from Campo

Grande, 96.3% were livinig in this city and 79.1% were from

.the urban area.

Associations among- Lershmama sp. infection and gen-
-<der, age, school level, family inecome, animals, vegetation
in peridomicile andfor neighborhood, presence .of dogs,
and knowledge about thé diseases were not observed. Sig-
nificant associations were observed emly with the variables
-listed in Table 1.
~ The variables associated to the infection under adjusted

analysis were: origin of the blood donor (Campo Grande
versus other urban areas) and the presence of sick dog in-
_the neigliborhood with skin lesions andfor limb pare51s
{Table 2).

4. Discussion

The present study reports for the first time infection by
Leishmania sp. in blood donors from the Midwest region of

-Brazil. Despite the difficulty in performing epidemiologic
studies of this clinical form (asymptomatic infection), it
is necessary to know its impact and importance in the epi-
demiology of .parasites, in order to better understand the
spread through transmission and the survival of the para-
site in'the carrier 'patient, . .

The seroprevalence of 15.6% found in this study was
lower than those previously reported in the municipality
of Trés Lagoas/MS [11], where a prevalence of 36.4% among
household members and contacts of cariiers of VL was ob-
served. However, the data from the present study confirms
the presence of asymptomatic carriers of VL and serves as
an alert to the possibility of these carriers acting as blood
donors. _ ‘ o

With respect to the group of blood donors, the preva-
lence observed in the present study was higher than that

previously: reported by Luz et al. [14] (seroprevalence of -

9%) and Urias et al. [15] (5.5%) 'in Brazil, and in Spain.
(3.1%) and. Italy (0.76%) [16,17]). However, in Greece and

" France similar prevalence were reported (15.2% and -
*. 13.4% respectively) [18,19].

. The détection of antibodies against Leishmania reveals
the induction of a humoral immune response, and is very
.useful in epidemiological surveys [20). A positive reaction .
does not necessarily indicate active infection, but it may

just be the result of a previous exposure to the parasite,
especially in endemic regions [16,21]. This could explain
the prevalence observed in this study, because the highest

: frequencies: of reactive serum were - observed in donors -

from the city of Campo Grande, MS, the miain endemic area
of the state, which during 2011 contributed with 57.14% of

> ~the cases reported in the state [4)]. The origin of the blood

donor-remained associated to the infection after the multl— .
variate analysis.

The presence of parks and squares around the homes of
blood donors were associated to -infection by Leishmania
sp. This-association may be justified by the fact that vege-
tation, often found. in these locations, provide a suitable
. environment for the development of vectors of L. infantum
chagas: causing an increase in the incidence of the infec-
tion [22]. Another association observed {bivariate and mul-"
' tivariate analy51s) in this study was between human
infection and dogs with clinical signs of leishmaniasis
(e.g., skin lesions, limb paresis). High susceptibility to-
Leishmania sp., intense cutaneous parasitism, as well as
their close relationship with humnans, makes the presence’
of seropositive dogs in human habitations a risk factor
for infection by L. infantum [23].

The prevalence of infection was also higher among do-
nors with a history of contact with people who died of
leishmaniasis. Studies indicate that a history of VL on par- -
ents and neighbors is associated with higher rates of infec-
tion. Individuals living in the same residence with patients
recently diagnosed with VL, have an increased risk for
acquiring the disease of up to 26 times, confirming the role
of these patients as reservoirs [11,24,25].

The risk of VL transmission by blood transfusion repre-
sents a major problem, due to the lack of a gold standard
diagnostic method for the detection of asymptomatic

- infections. This risk has also been reported in Spain [16],

Italy [17], France [19] and Brazil [15,26], with implications
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Table 1

Nonadjusted analysis of the association between infection with Leishmania sp.detected by the Immunoﬂuorescence Antibody Test and demographic,

" socioeconomic and epidemiologic variables, Campo Grande, State of Mato Grosso do Sul, Brazil, 2013.

Viriables IFAT _ PR crude (C1 95%)° p-Value
" Positive (n =67) Negative (n = 363) '
oW : % _ Ne ' %
Origin_ : ' .
Campo Grande . -54 ‘ 19.2 227 20.3 1 _ 0.004"
Country of MSfother 13 ) 8.7 136 91.3 . 2.20{1.24-3.90) .
Buildfparksfsquares . B =
Yes 7 : 30.4 ‘ . 69.6 1 - 0.050° .
Mo - 80 : 14.7 347 853 - 2.06 (1.07-4.00) ’
Sick dog in ghe neighborhood with skin lesionsflimb paresis . . -
Yes 5 C 417 . 583 1 ' 0.012%
No ' : 62 -, 148 . 358 852 . 2.81(1.38-5.70)
Nelghbonngwath fetshmamasts .. ) o
Death .. 5 294 , 706 : i 0.050°
Treatment 6 8.0 : 92.0 : 3.68 (1.27-10.65)
" Absent . 56 166' o 282 83.4 - 1.78 (0.82-3:85) -

Note: whether p < 0. 05 - statlst:cally su;mﬁcant difference.,

* PR'crude (Cl 95%) = prevalence ratio crude with conﬁdence mtervals of 95%.

b Chi-square test.
© Fisher's exacttest,

.Table 2
. .Multivariate analysis of the association between mfecnon with Leishmania
sp.detectéd by the [mmunoﬂuorescence Annbody Test and demographic, -

socioeconoriic and eptdemloluglc vanables Campo Grande. St‘ate of Mato
Grosso do’ Sul Braznl 2013.

Variables , ‘ PR adjigted (IC 95%)." p-valug

Origin of doriors (capital Versus 2,18 (1.18-4.00) 0.012
Country of MSfother) : I

Sick dog in the neighborhood 2.30(1,16-7.25) - 0,023,
with skin lesions/limb paresis -

Nearby of build/parksfsquares 201 (0.92-441) 0,081

Neighboring with leishmaniasis 176 (0.70-442) = 0226

.

on the role of the asymptomatic carfier as reservoir and

~ their contribution to the maintenance of the transmxssmn. _

cycle of the parasite [5,27,28).

The use of leukodepletion ﬁlters seems to be the most:

efficient means to redute risk of Leishmania transrmssnon
[16,29], improving - quality and safety in the collection
and transfusion of blood [30]. Among blood recipients;

‘co-infections and immunosuppression may appear as

aggravating factors :triggering greater morbidity. In addi-
tion, the high cost of hospitalization for patients w1th VL,
coupled with low ava[labillty of beds in public hospitals
and toxicity of drugs used in the treatment should be
considered.

There is a concern by the World Health Organization
(WHO) ta certify the safety of blood, and-to make progress
in relation to donort récruitment and blood collection, as
well as in the routine testing on the samples of these do-
nors {31). The Pan Arnerican Health Organization {32] per-
manently refuses blood donations by individuals who had
leishmaniasis, and does not allow donations, for a period of
two years, of asymptomatic carriers or persons with a his-

tory of travel or- trahsfusion at risk of béing‘ infected.- The

. -Council of Europe imposes the permanent refusal of poten-
: tlal donors with history of leishmaniasis. The. Braznlian leg-

lsiatlon on hemotherapy (DRC-ANVISA Resolution n°, 153/

"2004) recommends ‘'serclogy testing for. Chagas d:sease
.syphilis, HTLV.1 and 2, and HIV T.and 2, as a routme in
.blood banks: - Although -this legislation considers those

who have had VL perinanently disabled for blood donation,
there is no explicit recommendation to carrymg out serol- .
ogy for Leishmania sp. [15]. -

In conclusion; routine diagnostic methods should be -
1mplemented in-blood banks to exclude donors that are
seropositive forleishmania sp.. promoting greater saféty

in blood- bags available to the population. These measures - -

can. conttibute to the quality of the blood supply and

‘health of receivers, especially those with co- -morbidities,

as well as help expand on the knowledge about the epide-
miology of VL and give support on improving measures to
control the disease.
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Who Ea‘ajec& Drugs,
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Reena Mahajan, Mellssa G. Collier,
Saleem Kamill, Jan Drobeniuc,
Jazmine Cuevas-Mota, Richard S. Garfem.

" and Eyasu Teshale -

. Data about prevalence of hepatitls E virus infection in
persans who inject drugs are limited. Among 18—40-year-

old persons who inject drugs in Califorriia, USA, prevalence -

of antlbodues againét hepatitis E virus was 2.7%. This prev-
alence was assotiated with age but nof with homelessness,
incarceration, or high-risk sexual pehawor '

Y erologic evidence of hepatitis E virus (HEV) infection”

(16 IgG against HEV) in the United States has been .

;r:pox:tcd to be £21% on the basis of national estimates dur-

. ing 1988-1994 (1). Among margmahzed populatiops, such
_-as persons who inject drugs (PWID) and homeless or in-

. carcérated persons, HEV infection ranges from 5% to 23%, -

although data have been limited for these groups (2-6). We .

- determinedthe seroprevaience of and factors associated

o with 1gG against HEV among, 18-40-yca.r-old PWID in San .
Lo Dlego California, USA '
The Study

© Methods for the Study to Assess Hepatitis C Risk have -

. --been simmarized (7). In brief, during March 2009-June

- 2010, persons 1840 years of age who were residents of

San Diego County, California, and who had injected drugs -

in the previous & months were recruited to participate in
this study. Eligibility screening and acquisition of informed

" consent for potential participants were foIIowecl by a be— :

'  havioral risk assessment and serologic testing.
. Data collected included participant demographics,
substance use, injection practices, diagnosis' with sexu-

ally transmitted infections, exchange -of sex for money,

" " Author affiliations: Centers for Disease Control and Prevention,

- Aﬂanta, Georgia, USA(R. Mahajan, M.G. Coallier, S, Kamill, J. Drg-
beniuc, E. Teshale); and University of California School of Medi-
cine, San Diego, California, USA (J. Cuevas-Mota, R.S. Garfein)

DOI: hitp:ffdx.doi.org/10.3201/eid1910.130630
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homelessness, travel to Mexico, and HIV status. Serologic

- testing included detection of antibodies against hepatitis

A, virus (HAV), hepatitis B virus core antigen, and hepa-
titis'C virus (HCV) by using the VITROS Immunodiag- -
nostic System (Ortho Clinical Diagnostics, Rochester, NY,
USA), and IgG against HEV by using a commer::lal assay
(DSI, Saronno, Italy). -
" We performed a.comparative analysis of all persons
on the basis of their status for IgG against HEV by using
demographics, seropositivity for other viral:hepatitides,
travel to Mexico, history of incarceration, homelessness,
'HIV'status, and J:ugh-nsk sexual behavior. We used bivari-

-ate logistic regression to calculate odds. ratios; 95% Cls;
" and p values, which were set at 0.05 to determine signifi-

" cance for factors associated with HEV prevalence. All data’
" were analyzed by using SAS version 9.2 (SAS Institute;

Cary, NC, USA).
'Of 508 PWID, 72% weére men, thclr mean age was 29

years’ (range 18-40- years), and 62% were white. Fourteen -

(2 7%) petsons had IgG against I-IEV none of these persens

“were positiye for HEV RNA by PCR (all were negative

for IgM against HEV). Of the 14 persons with IgG against

. HEV, 11 (79%) were men; their mean age was 33.4 years '7
(range 30-36 years); and 57% were white, ('I‘able) Relative s
to participants <30 years of.age, persons >30 years of age. -

were more likely to be positive for IgG against HEV (odds

“ratio 3.61,95% CI 1:31-9.94). Travel history and presence © SR
of antibodies against HAV, hepatitis B virus, or HCV were™
not associated with presence of antibody against HEV.

Bivariate logistic regression showed that there was no as--

sociation between presence of IgG agamst HEV and a his-

tory of mcarceratlon, sharing of 1nject10n drug equipment,
. homeélessness; high-risk sexual behidvior, and HIV status,

"'Conclusnons a

. We found an overall I-IEV seroprevalence of 2.7% in
young PWID in the United States. This seroprevalence was .
higher among participaits 230 years of age than in partici- .
pants <30 years of age. Variables typically associated with

‘HCV/HIV iransmission (i.e., high-risk ‘sexua_l behavior,
incarceration, or sharing of injectibn drug use equipment) -

were not associated with presence of antibodies against
HEV. These findings were consistent w1th results of a study
that found no association between antxbodles against HEV

‘and co-infection with other hepatitis viruses or-sharing of '

drug parapherhalia (2).

Because of the common mode of fecal—oral transmis- o

sion of HAV and HEV, other studies have also investi-
gated an association between HAV and HEV infections,
but -results have been. inconclusive (/,5,6). As in previ-

- ous studies, we found an association of presence of an- -

tibodies against HEV and age (/,6). Higher prevalence
among older PWID suggests that there may be age-related -
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- Hepatitis E Virus among Persons Who [nject Drugs

Tab[e Prevalence of IgG agalnst hepalitis E virus among persons who inject drugs, San Diego, California, USA, 2010*

Positive for IgG against HEV, Negative for antibody against HEV,

Charactenstlc

n=14 n =494+ p value
Sex : ]
M 11 (79) . 357(72) 0.707
F 321 137 (2B) ND
Mean age, y (95% CI) 33.4 (30.1-36.6) 28.5 (27.9-29.0) <0,003
Age 230y 9 {64) 170 (34) 0.013
Race 0.776
White 8 (57) 272 (55) ND
Black , 2 (14) 347N ND
Hispanic . 2(14) 137 (28) ND
Other, ) 1(7) 15 (3) ND
Homeless. 11(79) 287 (58) 0.326
History of incarceration . 12 (88) 376 (76) 0.263
" . Sharing any drug injecting equipment: B (57} 354 (72) 0.587
Diagnosis of sexually transmitted: mfectson‘r 1(7) _-83(19) 0.443 -
-. Exchange of sex for maney’ 5 (36) 142(29) =+ <t 0308
Travel fo Mexico : 10 (71) 31464 . <0373
Antibady against HAY - 321 - 190 (38) ' - 0.504
Antibody against HBG - 3(21) 201'(41) - - 0138 -
-Antibody ‘against HCV . S o321, 128 (26), .0.351 )
‘HIV positive : . ' w1 21 (4) . 0.751

*Values are no. {%). unlessoiherwuse mdlcaled ND not rietenmne;l. HAV, hepatitisA \mus. HBc, hepalittc B core antlgen, HCV hepalltls c vurus

'I'Totals may not cqual 100% because of mlssmg data

exposures independent.of injection drug use that increases
the’ hkehhood of HEV infection. This'birth cohort effect
' has been seen in other low-prevalence countries, sich as
Denmiark (8) and decreased possible: exposure may help
‘éxplain the lower prevalence rates in our study.
This stidy had a few llmrtatrons Our small samplc

T size reduced the pot’entlal to’ detect srgmﬁcant differences

between I-[EV-negatwe and HEV-posltwe persons In ad—_

dition, we did hot have. information about other exposures -

. that have been assmiated wrth HEV. mfecnon, miclud-

- ing particular’ dretary of’; zoonotlc exposures or hrstory of -

travel to a country 'to whlch HEV is. endemic. Therefore,
the potential effect ‘of these exposures cannot'be a_s_Sessed
Information about HEV genotype was not availablefor se~
roposrtwe persons, which mlghthave provided clues as to

-the mechanism of | eXposure. Lower ‘prévalénce estimates

* may also feflect the: fact that our populatron only mcluded

persons 18—40 ycars ‘of age. Previous data’have suggested .

that increasing age.is-associated with hlghcr HEV positiv-

ity (6), particularly in.countriés in which prevalence is low

and infection is causéd-mainly by HEV: ‘genotype 3 (9). Al-
though our data cannét be generalized to.the US popula-

tion, seroprevalerice. in this study appears to be low, which

is similar to time trends in the. gencral populatwn of other
low-prevalence areas 3.

Variability in assay types used may account for dlS-. '

crepancies seen with previous seroprevalence studies of
HEV. In a study evaluating the performance and con-
. cordance between various assays for detection of IgG
against HEV available at the fime, overall concordance
ranged from 49% to 94% (median 69%), and concor-
dance among reactive serum samples ranged from 0% to
89% (median 32%) (/0).

Emerging Infectious Diseases » www.cde.govieid Vol. 19, No. 10, October 2013

Evaluatron of the performance charactcnstrcs and
concordance of currently available assays for detection cif
antxbodlcs against HEV, including the assay: used in. 'thiis

st'udy, remains to be determined. Overa]l, our data showed .

" an mcrease in antibodies agamstHEV for PWID >30 years
.of age and o other associafion’ w1th other reported nsk
.factgrs. Future research is needed to explorc other mar: -
“ginalized, populatrons in I-IEV—cndemrc aréas to- determme
- whether there are ather risk factors that have not been 1den- :
-tified in Iow-prevalence areas.

E

Dr Maha_]an is an Eprdemrc Intellrgence Servrcc officer}! at
. the Centers for- Dlsease Control and Prevcntron, Atlanta, Georgza. ‘
Her rcscarch interests are national cpldcmrology, survelllanee
+ and outbrca[c mvcstrgatrons rclaIed to viral hepatrtrs .
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INF2013-009

World Health
Orgamzatlan

Influenza at the human-animal interface
- édrnrn,ary and assessment as of 20 Decernb'er 2013

Human mfectlommth awan mﬂuenza A(HSNl) \nruses

1

,'_From 2003 through 20 December 2013, 648" Iaboratory-conf" rmed- human cases of avian mﬂuenza
A(H5N1) virus infection have been officially reported to WHO from 15 cquntrles of these cases, 384

dled

D

Since the last WHO Inﬂuenza at the Human-Animal Interface update oh 10 December 2013 notiew -
_'laboratory~conf‘ rmed human cases of lnfluenza A(HSNI) wrus |nfectlon were reported to WHO.

Overall publlc health risk assessment for avian mﬂuenza A(HSNJ.) \nruses Whenever |nf|uenza vuruses .
. are crrculatmg in poultry, sporadic infections or small cIusters of human cases are possible, espemally in

, people exposed to infected household poultry-er contammated enwronments However, this influenza .
_ A(HSNl) virus does not current[y appear to transmit eas;ly among people As such the’ rusk of

' communlty level spread of thls virus remams fow.". : . -

Flgure 1 Ep[demlo[oglcal curve of avran mﬂuenza A(HSNJ.) cases ln humans by country and -month of onset
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" ehsuring appr _ _
" ag avian, lnfluenza A(H7N9) are reportable to: WHO under the lnternatronal Health Regulatlons_ (IHR)ZUOS; -

Human infection with other non-Seasonal influenza viruses
Nt . . .
Avian influenza A{H7NS) in China

- Since the last update of 10 December 2013 China has reported four new cases of human infect!on w:th

-avian influenza A(H?NQ) virus, from Guangdong provmce wrth onset dates betWeen 6 and 11 December.} o

All new patlents areina crttlcal condltlon

. Most human A(H?NS) cases have reported contact w:th poultry or live bird markets Knowledge about
..the main virus reservoirs, and the extent and distribution of the virus.in animals.remains limited.
_Because this virus causes ‘only subclinical infections in poultry, itis possibie that the virus continues.to .
* circulate in China and perhaps in nelghbourmg countries without being detected ‘As.such, reports of
additional human cases and infections in animals would notbe unexpected especially with onset of:
winter.in the Northern Hemisphere. and as- poultry productlon and movement increase in the reglon m
Lanttupatnon of the Chlnese New Year Hohdays : . :

Although f’ ive small famlly clusters have been reported ewdence does not currently SUpport sustamed :
‘human-to human transmlsswn of this wrus . o

Overall pubhc health nsk assessment for awan mﬂuenza A(H?NS) virus: Sporadlc human cases and
small clusters would not be. unexpected in prewously affected areas of Chlna and possrbly nelghbourlng
countrles The current llkellhood of commtmlty Ievel spread Of‘thlS virus 1s conmdered 1o be’ Iow

. Contmued wgllance is needed WIthm Chtna and nelghbourlng‘ areas to detect |nfect|ons ll"l animals and

- humans. WHO advrses countrles to contmue survelllanc and other preparedness actions, including-
o s 1 %”%EaﬁaT”"fTenza FiTsessiic

S'&Y"SU.'C

: Symptomatlc individuals.with exposure to avian |nﬂuenza A(H7N9} virus should receive prompt ant|V|ral
" treatment, Antiviral chemoprophylams post avian mﬂuenza A(H?NQ)wrus éxposure:is generally not .
‘recommended. For asymptomatic individuais at hlgh-rlsk due o type of exposure or- under[ymg '

- conditions-who-have-heen exposedto & patientwith: confirmed:avigh- influenza: ALHING)-virus mfecn_on,. h

'presumptlve antlwral treatment wrth oral oseltammr or tnhaled zanamwnr can be conmdered

' Current technlcal mforma’non as well as gu:dance related to avian Inﬂuenza A(H7N9) can be found at:
.http f /www who. mt/rnfluenza/ human ammal mterl’ace/ mfluenza h7n9/en]:ndex html

A\nan |nfluenzaA(H10N8) in China o T ' . r .

- On 17 December China reported a human mfectlon wrth avian |nfluenza A(H10N8) vitus in Jiangxl g
. province. The patientwas a 73 year—old female’ with mult!ple comorbtdltles who was hospitalized on 30
 Novernber with sevefe pneumbonia and- dled 6 December. The: comorbldstles of the patient:might have

contributed to a more severe illness than if the patient had been prewously healthy The.patienthada . - -

history 6f exposure to a live bird market Although avian influenza A(H10N8] virus-has been prewously
reported in. wild and domestlc birds'?, this is the Frst human case of mﬂuenza A[HIONS) mfechon

! zhang, H et al., Virology Journal, 2011

? Jiao, P et al, Journal of Virology, 2012 -
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. reported to WHO. No cases among contacts have so far been detected aithough follow up.is continuing._
Both health and: agricultural authorities continue to enhance influenza'surveillance in humans, poultry )
and the environmentin the regxon, espema!ly in the context of |dent1fylng avian mﬂuenza A(H7N9) virus- - o

associated events

Overall public health risk assessment for avian mfluenza A(HlONS}vurus Based on current
epldemlologlcal information this seems to be a sporadic human infection with avian influenza A(H10N8)
virus, perhaps detected as a result of the current increased influenza survelllance in China. Although the
prevalence of the virus in the local poultry population is unknown, sporadic cases of human infection
with avian influenza A(H 10N8) would not be unexpected if the virus were: cn‘culatlng in populatlons of -

'blrds to which humans were exposed.

Influenza A H'?.INZ variant \'firus infections-ln humans in the USA

" Since t:he last update of 10 December 2013, no new case of human :nfec’cron with influenza A(H3N2)v i
was reported from United States of America (USA) To date in 2013, the USA has reported 19 cases of

human infection with influenza A{H3N2)w.-

Overall publuc health risk assessment for awan mfluenza A{H3N2)v virus: Further hurnan cases and
small clusters could occur as this virus is ctrculatmg in the siine population in the USA. Howeéver,

- agricultural fairs, where most of the human cases were reportedly exposed are rarely held in the USA in -
the winter season. The current I|keI|hood of commumty-level Spread and publtc health tmpact of thrs :

virus is con5|dered low

Outbreaks in anlmals with hlghly pathogenlc awan mﬂuenza \uruses W|th potentlal publtc health
impact

- -Owingin part to the emergence of avian mfluenza A(H7N9) virus and assocrated mfectlons of humansin
: ‘Chma there is enhanced surveillance for non- -seasonal subtypes of influenza in both humans.and animals

. in Chma the countries neighbouring Chlna, and global[y Itis thereforeto be expected that mére avian

influenza A(H5N1), A(H7N9), @nd a variety of other mfluenza subtypes arid reassortant wruses willbe -
. detected in humans and anlmals over the coming months .-in order 0 detect. vrrologlcal and

. epldemlo]og|cal changes that may affect publlc (or animal) health, it is critical that all non—seasonal’
" influenza events be reported thirough the approprlate channels and that viruses be collected and fully

characterlzed in approprlate ammal or human health mfluenza reference Iaboratorres

Because of the constantly evolving hature of mﬂuenza_wruses, WHO continues to stress the importance
- of global monitoring of influenza viruses in animals and people and recommends that.all Member States
strengthen routine influenza surveillance. All human mfect|ons with non—seasonal influenza viruses are

reportable to WHO under the IHR (2005)
© Links: ' '

WHO human-animal interface web page
htt S iwww.who.in influenza human anima! Interface en

Cumulatlve Number of Conflrmed Human Cases of Avian lnﬂuenza A/(HSNl) Reported to WHO

HSN1 avian influenza: timeline of major events
-htto:/fwww. who mt/mfluenza/human animal mterface/awan mﬁuenza/HSNl avian _influenza update pdf
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Awan mﬂuenza A(H7N9) mformatlon ]
hitp: /Iwholnt/mfluenza/human animal mterface/lnfluenza h7n9/en[mdex htm[

"World Organlsatlon ofAmrnal Health (OIE) web page Web portal on Avian Inﬂuenza
-http //www die; |ntlan|mal~health m-the-wor_!web-portal-onvawan influenza/

. food and’ Agrlculture Organlzatxon of the UN (FAO) webpage Av:an lnﬂuenza
httn //www fao. org/awanﬂu/en/mdex htmi: .

COFFLU :
httQ [[www offtu. net[lndex html

P
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ABJ2013Z05

Published Date: 2013 12-17 17:12:54
Subject: PRO/AH/EDR> Avian influenza, human (158) China (Z1) H10N8, faf:af
Archive Number:; 20131217.2121718 )

AVIAN INFLUENZA, 'HUMAN {158): CHINA (ZIANGXI) ‘H10NS8, FATAL
***********************************************************
A ProMED-mail post S

. hitp:/www.promedmail.org
ProMED mail is a program of the

_ Internat[onal Sdciety for Infectlous Diseases
hitp://www, ;5|d or ' .

Date: Tue 17 Dec 2013
Source: Center-for Hea[th Protectlon {CHP), Hong Kong [edn:ed}
<www.chp.gov.hk/en/view_ conte‘nt/24244‘html> .

_'Human fatal case of avian |nﬂuenza A(H10N8) in Jlangm provmce

______________

The {Hong Kong] Centre for Health Protectlon (CHP) of the Department of Health (DH) today (17 Dec
2013) recéived notification from the National Health and Family Planning Comrmssmn (NHFPC) of a
human fatal case of avian influenza A(H10N8) affecting a woman aged 73 in Jiangxi. The - .
immunocompromised patient with underlying ilinesses was admitted to a [ocal hospital on 30 Nov (2013)
for treatment. Her clinical diagnosis was severe pneumcenia and she passed away on 6-Dec (2013). )
" According to the refevant authority, the patient had visited a local live poultry market. Her home and
close contacts, who are under medical survetllance, have remained asymptomatic and no abnormalities .

have bean found so far.

"Influenza A(H10) is. currently not a local statutorily notifiable |nfect:ous disease but the Public Heal_th
Laboratory Services Branch of the:CHP is capable of detecting this virus by culture or genetic testing. No
~ confirmed human cases have been recorded so far in Hong Kong," a spok'esman for the CHP said. The
“CHP will follow-up with the” World Health Organization (WHO) and the’ maln]and healfh authorltles to

obtain more mformatlon on the case, )

"Locally, nhanced dlsease surverllance, port health measures and health education agaihst avian
.. influenza have béen proceedmg We will remain vigilant and maintain liaison with the WHO and relevant:
health authorities. Local surveillance activities will be modified upon the WHO's recommendations,” the-
spokesman remarked. All border control points have implemented disease prevention ‘and control
measures, Suspected cases of infectious disease will be immediately referred to public hospitals for
fallow-up Investigation.” ' ’

The spokesman urged travellers not to visit live poultry markets and avoid direct contact with poultry,
birds and their droppings during travel. If contact has been made, they should thoroughly wash their
hands with soap and water. If fever or respiratory symptoms develop, they should immediately wear
facial masks, seek medical attention and reveal their travel history to doctors. Members of the public
should remain vigilant and are reminded to take heed of the foIIowmg preventive advice against avian

lnﬂuenza

- poultry ard eggs should be thoroughly cooked before eating;

- wash hands frequently with soap, especially before touching the mouth, nose ar eyes, handling food or

eating; after going to the toilet or touching public installations or equipment such as escalator handrails,
elevator control panels or door knobs; or when hands are dirtied by resprratory secretions after coughing

or sneezing; .
- cover the nose and mouth while sneezmg or coughing, and hold the Splt with a tissue and put it into a

covered dustbin;
- Avoid crowded places and contact with fever patients; and
‘- wear a mask when respiratory symptoms develop or when taking care of fever pat|ents

The public may visit the CHP's avian influenza page (www.chp.gov.hk/en/V|echontent/24244.html) and
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its website (www chp.gov: hk/Fles/de/gIobaI statistics_avian_influenza_e.pdf) for more lnformatlon on
avian mftuenza affected areas.

 communicated by:
ProMED-mail <promed@promedmail. org>
. [Thls report describes a novel case of avian influenza (H10NB) virus infection, contracted in Jiangxi
province of maintand China, by an immunocompromised elderly lady. Slmularly to other avian influenza’
‘virus infections encountered .so far (with the exception of H5N1 virus) thiére has been no onward '

transmission of infection to other related or unrelated humans. Circumstantial evidence suggests that -
. the infection was contracted by exposure to domestic fowl in a local "wet" market. The patient died.

-'Further information.is awalted..-. Mod.CP

A HealtnMa_p/ProMED—mai[ map. can be -accessed at: hitp://healthmat .or'__ r/7AX6E.]

See‘. Aléo ‘

A\ﬂan influenza, human (155): China (HK ZJ) WHO update 20131211 2110154
Avian influenza, human (154): China (HK,ZG) H7N9 father & son’ cases:.cory. 20131212, 2109558
- Avian |nfluenza, hHuman (154): China (HK,ZG) H7N9 father & son cases 20131210.2103474
Aviah influenza, human (153): China (HK) H7N9 quarantine extended 201:31208. 2099399
'AV|an influenza, human (152): China,. H7N9 update M__Z_O_M
_ Avian influenza, human {151): China (HK) H7N9, 2nd case 20131206.2097187
Avidn influenza, human (150): China (HK) H7N9, quarantme 20131204.2091584

- Avian influenza, human (149): China, H7N9, live poultry. markets, control 20131203, 2090295

" Avian influenza, human (148): China (HK) H7NS, 1st case 20131203.2087599 - .
. Avian influenza, human (147): China (Hong Kong) H7N9, first case 20131.202:2087472
- Avian influenza, human (145): China (ZJ) H7N9, new- case, correction 20131130.2083933 . .
- Avian influenza, human (142): H7N9 vaccine development 20131118.2062079
Avian mﬂuenza human (141): China’ southern, HSNL seroprevalence 20131117.2060088 .

- Avian influenza, human (138): China (ZJ) H7N9 new case 20131111 2049326

Avian tnf]uenza, human (135): China (GD & ZG) H7NS new cases, WHO 20131106, 2041316 ‘
Avian influenza, human (134): China (GD), HZN9, child 20131105 2040007 - .
) Awan lnﬂuenza human (132): China,"H7N9, live poultry markets 20131102, 2034820
Avian influenza, human (126) - China: (Z]) H7NS re-emerges 20131024.2019232 -
Avian mfluenza, human {122): China (Z1) H7N9 alert 20131015.2002724 -
Avian influenza, human (120}): H7N9 genesis & source 20131010.1994804
Avian influenza, human (118): China, HZN9 low transmission potential 20131005. 1982621
. Avian inflienza, human (111):.China, H7N9, re-emergence prospects 20130827.1895874
Avianinfluenza, human (109) China: H5N1 & H7N9 emergence 20130822.1892436
Avian influenza (33): China (3S, ZH) LPAI H7N9, hve markets, RFI 20130410 1636843
et reeurereraaranterrsaisaiatsrnatnsrnsertont cp/sh/im ‘ )

.©2001,2008 International Society for: Infect[ous Dlseases All nghts Reserved.
Read our privacy guidelines. Use of this web site and related services is governed by the

Terms of Service.
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- Published Date: 2013-11- 14 13:19:00
.Subject: PRO/AH/EDR> Avian-influenza, human (139): Tatwan HeNL ep:demlologlcal ana]ysus

Archlve Number: 20131114 2055317

AVIAN INFLUENZA, HUMARN (138) TAIWAN, H6N1 EPIDEMIOLOGICAL ANALYSIS

’ **********************.*********************************************

. A ProMED-miail post o :
- htkp:/fwww, gromedmall orq ’ e
ProMED-mail is a program of the . B
International Soclety for Infectious D;seases

httg Lhwww.isid. org -

In this p,dstlng:_

[1] Press report - T . : :

-[2] Journal publication : o COE R
s . . -l
' [1] Press report’

Date: Wed 13 Nov 2013
_ Source: Time [edited]

health[and time. com 2013/11 13 f'rst-case of—new-blrd ﬂu-

The: Iatest Verslon ls called H6N1, snd represents the 1st time that this strain of f_’avian inﬂuenza] has
jumped from birds to people [see ProMED-mall post Avlan influenza, human (86): Taiwan, H6N1
20130621.1785829]. Flu ‘researchers-are: especlal[y wary of wild avian species like migrating geese to
run-of-the-mill chlckens at local poultry markets. These birds harboura serjes of influenza strains that
generally don't make the.birds sick, but-could cause serious disease in people if they jumped to human -
_hosts, In recent years, more bnrd flue viruses, that had never infected people before have been finding

new human hosts

~East sprlng [2013], for example scientists in China reported the 4ist- human -cases of- H7N9 |nfections
-These viruses previously CIrculated among birds, but mutatlons helped them to survwe and s:cken :

people as well,

Now, researchers in Taiwan say another avian- ﬂu straln, HENL, rnay have made the jump as weil
Reporting in the journal Lancet [see abstract iri [2] below], scientists describe what they found when
they analyzed a throat swab from a 20-year-old woman who came to the hospital with shortness of
" breath and flu symptoms.. When they sequenced the virus In her sample, they found it was very.similar
" to H6N1 strains that have been found-in chickens on the island since the 1970s, with one exception: this
" HB6N1 had a mutation that gave it the ability to stick to human cells and gain entry, causing infection. :
‘Specifically, the mutation helped the virus to bind to cells in the human upper alrway -- a good; place for
. viruses to attach af'ter they are |nhalec| through the nasa! passages .

The woman, a clerk in a deli-who did not have direct contact with raw meats or poultry, recovered,
Scientists at the Centers for Disease. Control (CDC) in Talwan identified and tested 36 of her close

. contacts, including her brother, mother, neighbors, work colleagues, and doctors who cared for her at
the hospital. Only 6 had fever and respiratory symptoms similar to the woman's; none showed signs of

persistent infection with the virus.

‘While it's too early to tell how virulent H6N1 may be in people, the fact that this bird flu mutated and
gained the ability to infect people is concerning, say public health experts. The development suggests
that some of the H6N1 strains circulating among poultry in Taiwan now have the ability to make peop[e
sick. That's an.unstable situation, since additional mutations could make the virus either more
dangerous to people or make it more innocuous; it's all a matter of chance. "As these viruses continue .
to evolve and accumulate changes, they increase the potential risk of human infection,” said Dr Ho-
Sheng Wu, from the CDC in Taiwan and one of the study's co-authers. Coupled with the shift of H7NO
from birds to people last flu season [2012-2013], this latest case suggests that it makes sense to
increase surveillance of the influenza strains circulating among birds for clues about the next potential
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viral flu threat.

[Byline; Alice Park}

Commumcated by:
ProMED-mail from HealthMap Aleri:s
<P|‘0m3d@pmmedma|l org>

L .

. [2] Journal publ:cat:on

Date: Thu 14 Nov 2013

Source:-The Lancet. [edlted]
: L.

Ref: Sung- Hsi Wei, Ji- Rong Yang, Ho- Sheng Wu, et al: Human mfectlon wlth avian influenza A H6N1
virus: an epidemiological analysis. The Lancet Resptratory Medlcme, ear[y onling pUbllCathI’l, 14 Nov
2013 d0| 10. 1016/52213 2600(13)?0221 -2 - . .

Background Avian influenza A. 'HEN1 virus Is one of the most comman viruses isolated from Wlld and

domestic avian spemes, but human infectlon with this virus has not beén previously reported: We: report:

the clinical presentation, contact, and environmental lnvesttgatlons of a. patient infected with- t:h:s virus,
©and assess the orlgin and genetfc charactenstlcs of the |solated v:rus . e TS .

Methods* A 20»year~old woman- wn:h an |nﬂuenza like Hliness presented to a hospital with shortness of
breath in-May 2013. An unsubtyped influenza A virus was’isolated from her throat-swab specimen.and -
was fransferred to the Taiwan Centres for Diséase Control (CDC) for idéntification. The medical records .

' were reviewed to assess the clinical presentation. We did a contaet and enwronmental irivestigation. and S
collected clinjcal specimeris from the, case and symptomatic contacts to test for: inﬂuenza virus, The '
genomic sequences of the isolated vnrus were- determlned and characterised.

Ftndmgs The unsubtyped inﬂuenza A virus was 1dentlﬁed as the.H6N1- subtype, based on sequences of
~the genes encoding- hasmagglutinine and neuraminidase:Fhe" source“oﬁnfectmnavas*rrot-*estabhshed? 2
. ‘Sequence .analyses showed that:this human Isalate. was. highly. homologous, to.chicken. H6N1 viruses, in. .
Taiwan and had been-gerierated through interclade reassortment. Notably, the viris had a G2285 . .
substitution in-the haemagglutinin ‘protein that might increase: lts afﬁnity for the human aIpha 2-6 Imked

sialic acid receptor

Interpretatlon Th[s is the 1st report of humian' infection with a‘wild avian influenza A H6N1 ViFUS. A
unique-clada.of H6N} virlses with.a-G228S substitutlon of hasmagglutinin.have_circulated, persistently. n- . ..
poultry'in Taiwan, These viruses continue ta evolve and accumulate changes, iricreasing. the, potential .- ...

...risk of human-to human transmission. Our report highlights the cont:nuous Jneed. for prepare,dnesskﬁar a.:
pandemlc of unpredictable and complex avian influenza. )

Commynicated by: '
ProMED-mail :
<promed@promedma:l org>

[As far as' thls moderator. ls aware there have been no further reports of human Infecl::on wtth avian
|nﬂuenza (H6N1) virus in Taiwan or elsewhere. It is unclear -how the patient contracted the infection and
_ there has been no report of onward human-to-human transmission of the virus, It is clear that
modification of the haemagglutinin protein binding site alone is not sufficient to endow. this_avian

" influenza virus-with ability to spread.in the human population. In the absence of okher inforination it can
only be concluded that this particular individual by habit or genetic constitution was: partlcularly
susceptible to avian influenza virus infection at a partlcular time in her life. - Mod.CP] .

Sae Also

Avian influenza, human (138): China (ZJ) H7N9 new case 20131111.2049326
- Avian influenza, human (137}: Cambodia (KP) H5N1 20131109.2046967 .
Avian influenza, human (136): Cambodia (PO} H5N1, WHO 20131106.2041724
Avian influenza, human (131): Cambodia {BA) H5N1 20131101.2034016

Avian influenza, human {124): €ambodia (KT) H5N1, WHO 20131023, 2016517
Avian influenza, human (116): Cambodia, new cases 20130919.1956667
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A\nan influenza, human (113): Cambodla (PP) 20130904 1923386
- Avian influenza, human (110): Cambodaa (KN) H5N1, new case 20130822. 1895496
. Avian influenza, human {107): Cambodla, H5N1, update 20130813.1879077 '

Avian influenza, human (95):
Avian influenza, human (92):
Avian influenza, human (86):
"Avian influenza, human (58):
Avian Influenza, human (23):
- Avian influenza, human (12):
Avian influenza, human (10):
. Avian Influenza, human (09):
. Avian influenza, human (08):
- -Avianinfluenza, human (06):
Avian inﬂuenza, human (04):
Avian influenza, hurnan (03):
Avian mﬂuenza, human (02):

Cambodia (PY) H5N1 20130712.1822212
Cambodia (KP} H5N1, fatal 20130702.1803875
Taiwan, H6N1 20130621,1785829

(Talwan ex China) H7N9 update 20130424.1669273
Cambodia (KP) update 20130404.1621699
Cambodia: (KM) fatal 20130227, 1562508 '
Cambodia 20130221.1553693

Cambodia, Egypt, China, WHO 20130219.1549714
Cambodia (KC) susp. 20130218.1548448
Cambodia (KT) 20130213.1541230 _
Cambodla, 6th case, fatal 20130208 1535664
Cambodia, WHO update 20130202.1526316
Cambodia, ch:ldren, fatal, MOH/WHO 20130129 1519720

Avian inflienza (07): Cambodia (TA) poultry, OIE 20130128 1518643 -

Awan influenza, human {01):

..........................................

Cémbodia, fatalities 20130125 1514597

,;.._.,..mpp/lm/cp/mjllm

. ©2001 2008 Internatlonal Soc1ety for Infectious Diseases All Rights Reserved.
Read our privacy guidelines. Use of this'web site and related serwces is governed by the

Terms of Service.
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First New Denguie Virus Type in 50 Ycars . ‘ ' 7 ‘ 1{ 1 _—
INF2013-008

Published cn Science/AAAS | News (httc:llneWs.sciencemeq.orq)

Homa > First New Dengue Virus Type ln 50 Years

Article Title:
First New Dengue Virus Type in 50 Years
October 21, 2013

Dennis Norm|le

BANGKOK--Scientists have -
discovered a new type of the vrrus
that causes a centuries-old
pestilence, dengue. The surprising :
" find, announced at a major dengue .
confererice here today, is bound to
complrcate efforts fo develop a: :
. : vaccine againsta troplcal diseass
" Spreader. An Aedes aegyptr mcsqmtc a majcr carier of the Dengue fever virus.that is becoming a more pervasive | .
_global menace. But it could shed -
: ' ‘light on where the pathogen came
from and whether it-is evo[vmg into a greater threat: The ﬁndmg may change the way we think about dengue virus
evolution and emergence ' says Duane Gubler, a dengue expert at the Duke-NUS Graduate Medical School in

Srngapcre

Centers for Disease Prevention and Contral

There is no vaccine or-drug agalnst dengue. which is spread by mcsquttoes and causes fever and sometlmes
excrucratlng joint pain and muscle aches. Patients typically recover.on their own; thotigh sevére cases need medical
suppart. Occasionally, the illness progresses to dengue hemorrhagic fever, a potentiaily fatal complication in which |
blood leaks through vessel walls. A dengue infection confers lifetime immunity fo that particular type. But: ‘subsequent
infection with a second type increases the likelihood of serious lllness With that In mind, vaccine developers have
strived fo protect against all four types srmultanecusly .

That may have gotten more challengrng By chance, fesearchers screening dengue viral samples found a virus
collected during an outbreak in Malaysia's Sarawak state in-2007-that they suspected was different from the four
original serotypes. They sequenced the virus and found that it is phylogenetically distinct from the other four types.
' Experiments found that monkey antibodies produced against the new type differ significantly from those restling
from the previously known dengue viruses. "We discovered and characterized a new dengue serotype," annotinced
Nikos Vasilakis, a virologist at University of Texas Medical Branch in Galveston, here today at-the Thrrd International

Conferenoe on.Dengue and Dengue Haemorrhagic Fever o

"They've done a very good job | |n charactenzrng the viris, and it's convincing that itis dlstlnct from the other four,”
says Thomas Scoft,a dengue expert at the Umversrty of California, Davis. i

What it may mean for. controlling dengue |s unclear. So far, dengue 5 has been linked to only one outbreak in
" humans. Vasilakis suspecte that it is circulating, possibly among macaques, in the forests of Sarawak. If i spreads, it
colld make human vaccine development more ohallenglng "We don't need another complication in cohtrolling .
. dengue," Scott says.’

v

Current efforts to rein in e disease are falling shorL In talks here today. researchers from Malaysra the Phlllpprnes
and Thailand said that despite control programs launched in the 2000s, dengue cases are increasing, though the
death toll is down thanks to-better management of severe cases. “Dengue i spreading from urban to rural areas and
. to countries, such as Nepal, where it has not been seen before;" said Samlee Plianbangchang, the World Health
-Organization Southeast Asia regional director. The annual global incidencs, close to 380 million cases, is about three
t:rnes = the burden previously estlmated researchers reported jn April i in Nature

Despite a recent setback m'in vaccing develcpment F’Iranbangchang said that prcjects in the pipeling have
researchers "logking forward to a vaccine in the near future." But he adds that a vaccine will complement, not replace,
- efforts to ccntaln dengue through mosquito ‘controf and public awareness. "Dengue will be with us for many years and .

' -coutd get worse, he said,

Links

[1] hitpfwnww, dengue2013bangkck cem!homeﬁnde)den

{2] hitp:/fews.sciencemag. crglblclegylzm3/04Idengue—ceses-three-tlmes—.‘rlgher— hought
[3] hitpu/fnews.sciencemag .orgMealth/2012/09/mixed-resuits-dengue-vaccine-trial
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lacked adjustment for confounding,
we think that the results of Bacci et al.
(1) should be interpreted with caution.
" Furthermore, a large clinical study

from 2008 conclided that C. difficile.
type 078, which is the most frequently -
found binary toxin positive non-027
‘strain, was not associated with. a high -
“all-cause mortality rate (3). A more re-.

cent publication confirmed this finding
_(4). Therefore, in our opinion, there is
-currently no convincing epideniolog--

. ic proof that binary toxin is a marker

for infédtion with virulent €. difficile.
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Spread of
Kyasanur Forest
Disease, Bandipur
Tiger Reserve,
-India,. 2012-2013
. To the Editor: Kyasanur Forest
disease virus (KFDV, family Flavi-
viridae, genus Flaviviru.s') was first

recognized in 1956 in Shimoga Dis-
trict; Kamataka State India (/). The

natural cycle of KFDV. involves. 2.
‘monkey species—black-faced langurs

(Semnopithecus . entellus) -and. red-

faced bonnet monkeys (Macaca ra--

" diata)—and various tick species (genus

Hasmaphysalis). Monkeys . become -

infected with KEDV through the bite
‘of infeécted ticks; the virus 'is then
" transmitted to other ticks feeding on

infected monkeys. KFDV infection -
causes severe febrile illness in some’

‘morkeys. When infected monkeys

die, ticks drop from the body, thereby ..
‘generating hot spots of infectious ticks.
«-~that further spread-the virus. In-the-en~
. zootic state, KFDV cireulates through: -
small mammals {e.g., rodents, shrews, :

ground birds) and ticks (2).
" Humans can also be infected with
KFDV. In humans, the disease causes

high fever, frontal headache, and se--
- vere myalgia, followed by bleeding
ﬁ‘om thenasal-cavity, throat; ‘girigivae; - -

and, in soine cases, gastrointestinal
. tract (3). In the natural KFDV. cycle,
huimans are dead-end hosts.

KFD is unique to 5 districts (Shi- .

inoga, :Chikkamagalore, Uttara Kanna-
da, Dakshina Kannada, and Udupi) in
the Malnad region of Kamataka State,
India, where each year during Janu-
ary—May, 100-500 persons are affected
by the disease {2,4). During December
2011~-March 2012, a total of 215 sus-
pected KFD case-patients were identi-
fied in 80 villages in Shimoga District;
“laboratory testing corfirtned that 61
(28%) were infected with KFDV (5).
In November 2012, the deaths
of 12 monkeys. in Bandipur' Nation-
al Park, Chamarajanagara District,
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Kamataka State, were reported, At the
same time, § humans from Mole Hole
village and Madhur colony in the Ban-
dipur Tiger Reserve who handled and -
incinerated the sick monkeys were re-

+ . ported to have clinical signs and symp-
- toms typical of KFD (online Technical

Appendix Figure 1, wwwnc.cde.gov/

. EID/article/19/9/12-1884-Techappl.
pdf). The monkey handlers (20-55

years of age) were admitted to the lo-
cal hospital in Gundlupet Taluk. Mon-
key autopsy specimens, serum samples
from suspected human case-patients,

- and tick pools were collected by staff .
from the Virus Diagriostic Laboratory = °

in Shimoga. The samples were sent 16

. the ‘National Institute of Virology in.

Pune for determination of the etiologic
agent. Additional samples from"hu-
mans with suspected KFDV infection,

- monkeys, and tick pools were ieceived. -
‘from Chamarajanagar District and ad-

joining border areas of Tamil Nadu
State and Kerala State {Table).
‘Monkey brain and liver and tick

-~pools. were sonicated in 600 mL of- -t . .: .
Minimum. Essential Media. (GIBCO/. ... -

BRL, Life Technologies, Grand Island, -

'NY, USA), and 400 mL of media was.

‘added to the homogenate. TriPure Iso- -
lation Reagent (Roche Diagnostics, In- .
dianapolis, TN, USA) was used to per-
formi RNA extraction as described (6).

by hested reverse transcription: PCR
(RT-PCR) and real-titne ‘RT-PCR as
described (o') 12 0f 21 human samples
and 4 monkey samples were positive

" (Table). Two 'of 14 tick poolsscreened

for KFDV by real-time RT-PCR. were
positive; however, 1 was weakly posi-
tive (Table) The PCR-amplified prod-
uicts were purified by using the QIA-
quick Gel Extraction Kit (QIAGEN,
Hilden, Germany) and then sequenced.
KFDV sequences from the samples
showed 95.8%—~98.1% similarity with
prototype sfrain KFDV P9605. This
finding supports the earlier conclusion
that a high level of conservation exists
for KFDV sequences (7). The phylo-
‘genetic free formed 2 clades: the first

Emerging Infectious Diseases - www.cdc.govleid - Vol. 19, No. 9, September 2013
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Table. Real-time reverse transcription PCR and nested reverse transcnptlon PCR results for specimens screened for Kyasanur Forest
“disease virus, India, November 2012—-May 2013*

No. samples positive/no. total

Date of sample collection Location of sample cellection - Human Mankey  Tick pools -
2012 Nov Maddur Forest Range, Bandipur Tiger Reserve, 416 37 -
Chamarsjanagara District, Karnataka State :
2013 Jan Chamarajanagara District, Karnataka State - T3 - 07
- 2013 Jan Nilgiri, Tamil Nadu State oM 112 o/5
2013 Feb Chamarajanagara District, Karnataka State - - 112
2013, May Wayanad District, Kerala State 111 - -
Total no. positive samples ) 12/21 4/9 1714

- *—, no samples from the area.

included mainly KFDV sequences
from 19572006, the second included
KFDV sequences (human and mon-
key) from Chamarajanagara District
(online Technical Appendix Figure 2).

KFDV has not been detected pre-
viously in Chamarajanagara District,

thelocation of Bandlpur National Park.

Affected areas in the district share a

. border with Mysore District (Karnata-
- ka State), Kerala State, and Tamil Nadu

State. - In addition,we subsequéntly

. found monkey samples from Nilgiri,
~ Tamil Nadu;, to be positive for KFDV.

' The human case-patients from .

Chamarajanagara District were main-

ly forest workers involved in the in-

cineration of the dead monkeys. Infec-

tion among these workers indicates .

~ that they did not follow appropriate
- biosafety procedures while handhng

" the infected animals.

Our findings confirm thatKFD has
occurred outside the districts in Kar-
nataka State where KFDV is known

to be endemic. A hemagglutination

inhibition antibody survey cenducted
during December 1988—January 1989
(8) indicated the possible existence of
this disease in other regions of India.
The presence of KFD becomes notice-
able when enzootic infections occur
and sentinel animals, like monkeys,

start dying (9). Detection of KFDV .
in Chamarajanagara District, Tamil

Nadu State (Nilgirf), and Kerala State
indicates the presence of the virus in
many evergreen and semi-evergreen
forest arcas of India. Infections in
these areas may have been missed
previously because of the lack of an
organized surveillance system.

Emerging Infectious Diseases » www.cde.govleid « Vol. 19, No. 9, September 2013

- During the first week of Decem-
ber 2012, immediately after the KFD
outbreak was confirmed, the Kamna-
taka public health department vacci-

nated 322 persons, including. villag-

ers, forest officials, health workers,
and members of local fribes in the

.Maddur Forest Range of Bandipur

Tiger Reserve. Hot-spot areas caused

by monkey deaths were dusted with .

malathion insecticide to kill ticks. In
addition, to prevent additional hu-

“man infections, epidémiologists rec-
" ommended establishment of a health

education campaign and the use of

- protective clothing and tick repellents,

especially by persons frequently visit-
ing forested areas.
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. -epidemiologic and clinical features of R. sibirica
. subspecies sibirica BJ-90- is required to distin-

Jia-Fu Jiang,’ M. D

Beijing, China’

JRC2013T-038

The NEW ENGLAND JOURNAL of MEDICINE"

:325-bp ompA sequences revealed that the agent.
clustered with other R sibirica subspecies and
was most closely related to R sibirica subspecies

- sibirica 246, which had been isolated from Derma-

centor nuttalli in Russia (Fig. 1). In serum :sarriplcs

" obtained from the patient, the titers of IgM and-

IgG antibodies against R, sibirica on indirect im~
munofluorescence assay incteased from 1:32 and
1:64, respectively, in the acute. phase to 1:4096

. for IgM and for IgG-in the convalescent phase.

The study of this case was approved by the
mstltutlonal review board of the Chinese Acad- -

‘emy of Military. Medical Sciences. The- patient
. provided writtén informed consent,

-R. sibirica subspecies sibirica BJ-90 was initially

“isolated from D. sinicus in China in 1990,%3 and it

was detected in’D. sifvarum in Russia.* Our case -
shows that this organism can cause human dis-

. -ease. Unlike patients infected with R. sibirica and
R. heilongjiangensis in the same geographic re-

gion,® this patient was sevetely ilt with multior--
gan dysfunction. Firther investigation of the .

guish it from other kﬁown tickborne infections.
.Na Jia, M.D. ' ’
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Human Infaction W|th Candldatus Rxckettsra.»tamsewchme

TO THE EbIFoR: From May r.hrough August 2012
a total of 251 patients who had recent tick bites
sought treatment at Mudanjiang Forestry Central
Hospital in northeastern China and were tested

" for tickborne infections. Polymerase-chain-reac-

tion testing followed by sequencing of eschar-
and blood samples showed that 5 patients were
infected with Candidatus Rickettsia tarasevichiae, a

" new species of rickettsiae of the spotted fever

group. Phylogenetic analysis .based on either the-
cittate synthase gene or the outer-membrane
protein A gene showed that the agent was ge-
netically ciose to R.tanadensis (see Fig. 1 in the
Supplementary Appendix, available with the full
text of ‘this letter at NEJM.org), one of several
“ancestral” rickettsiae that are suspected to be

N ENGL) MED 360,12 NEM.

¢

endosymbmnts and nonpathogens.’- In an indi-

rect immunoflyorescence assay,. IgM ot IeG anti-.

bodies reacted to two endemic species of rickett-
side of the spotted fever group, R helfong_nangensrs
and R. sibirica.*

The study of these cdses was approved by the,

institutional review- boatd of the Chinese Ac¢ad-

emy of Military Medica] Smenccs All patients

provided written informed consent.
Characteristics of the fivé patients are shown

_in Table 1. All five patients had a recent tick bite

and no documented immunocompromised con-
ditions. Their ages ranged from 12 to 56 years
(median, 30 years), and three were'women. They

-were hospitalized with fever (in two patients), -

asthenia (iri three patients), anorexia {in three

ORG  SEFTEMBER 19, 2013

The New England Joumal of Medicine
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CORRESPONDENCE

atory Tést Results of he Five Paticnts with Candiiatis Rickettsia
,Charaderistics . | Pat{ent Pat;enl: ) 'P?t;ef‘t ) Patient Pat;ent
Age—yr A : Y 56 . 30 29 40
Sex . Female Female Female . Male Male
Days betweén known tick _bite and illness onset 9 10 - 2' o 13 17
Speciman source for PCR amplification - Eschar Blood Blood Blood - Bloed -
Elevé;cd temperature {°C) . No " No No “Yes (39) Yes (39)
Asthenia No Yes Yes - No Yes
Anorexia No Yes . Yes ‘No Yes
Nausea - No _;'(_es Yes No Yes
Headaihe ) No No Yes Yes Yes
Rash ' No No . No ‘Neo No
‘Eschar Yes . Yes - Yes No No
Lymphadenopathy. Yes No Yes No No
Vomiting Neo " No. Yes No Yes
N_eck stiffness . No No Yes No Yes .
Kernig's sign . - ] No . No No No Yes §
Mospitalization —days © " B 20 17 22 4
_Hémaltplbgi_"ctqsl; i . ' .
Leukocyte count —x10%/fiter -, 105 54 2:8. 16 118 -
Lymphotyte connt— x10%/litér .49 2.7 S22 . L4 16 .
Neutro.phil counjt—..‘xlﬁ"[fiter ‘] N 6.3 6 - 7.3 -9.9 99
Hemoglobin — gliter ' 143 143 T 163 . 143
Platelet count — x10~?/liter © 305 244 - 221 203 163 i
Biochemical tast - ‘ . ' ‘ o : .
AS'I_'—-— Uliter -~ ‘9.6 ‘18.‘4 3.9 759 15.3
. ALT— Ufiiter s 343 144 444 19
Urinalysis . . . . . o
Proteinuiria ‘No .~ " Ne No- No Yes
.C:rebrosplnal fuid measurements l B o ‘ X
Leukocy‘tes— per mrn? . NA . NA ‘ CNA - _' .8
Lymphocytes — % - NA “NA 0 NA 60
Protein — g/liter " NA NA: 03 ‘NA 0.6
Glucose — mmoljliter NA. NA 32 NA 45

* ALT denotes alanine ammotransferase AST aspartate ammotransfcrase. NA not avallable (ot performed or not repart-

ed), and PCR polymerase cham reactlon

patients), nausea (m thrce patients), headache
(in three patients), eschar. (in three patxenl:s)
(Fig. -2 in the .Supplementary Appendlx), and
lymphadenopathy (in two patients). Patient 5
had meningitis-like manifestations such as vorm-
-iting, neck stiffness, and Kernig's sign. Coma,
renal dysfunction, and respiratory acidosis then
"developed, and the patient died 4 days after ad-

N EMGL) MED 369;12 NEJM.ORG

mission to the hospital. Laborarory tests showed
a slight increase in the leukocyté count (in three-
patients), an elevated level of aspartate amino-
transferase (in one patient), proteinuria (in one
patient), and an increase in the level of cerebrd-
spinal fluid protein and leukocyte count in Pa-
tient 5 (Table’ 1). - Since ‘none of the patlents
presented with tash, which is considered to be a
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typical sign of infections with species of rickett-
siae of the spotted fever group in China? their
conditions were initially misdiagnosed, and they
received penicillin G, leading to a-prolonged hos-

pitalization for approximately 20 days. To iden-

tify ‘local -natural foci, host-seeking ticks were
collected around the patients’ residences. A total
of 46 of 453 Ixodes persulcatus ticks (10%) were
positive for Candidatus R. tarasevichiae.

Candidatus R. tatasevichiae was initially detected
in I persuleatus ticks in various regions of Russia.*

_We identified. the agent as an emerging patho-

gen causing humin infection.  These findings
underscore the concept that rickettsioses are .
more common than previously realized and may
be assoriated with misdiagnosed causes of fever
globally.® Careful attention to clinical features
and the use of molecular diagnostic tools could
be helpful in estabhshmg an etiologic diagnosis

‘that may facilitate appropriate treatment and

public health .measures.
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Case Report: The First Case of Imported Relapsing Fever in Japan

Satoshi Kutsuna,* Hiroki Kawabata, Kei Kasahara, Ai‘Takano, and Keéiichi Mikasa
National Center for Global Health and Medicine, Disease Control and Prevention Center, Shinjulu-ku, Tokyo, Japan;
National Institute of Infectious Diseases, Bacteriology, Shinjuku-ku, Tokyo, Japan; Narq Medical University, Center for [nfectious Diseases,
Nara City, Nara, fapan, Yamaguchi University, Joint Faculty of Vetermary Medxcme Yamaguchi-City, Yamaguchi, Japan

.Abstract.

 Tick- bome. relapsing fever (TBRF) is endemic in discrete areas throu:rhout the world; however, a-domestic

or imported case of relapsing fever has not been reported in Japan. Here, we report:  the first imported case. A prewously
healthy 20-year-old woman presented to our hospital on October 8, 2010 because of recurrent fever and lower leg pam :
Before consultation, she had experienced four febrile episodes at 10—12 -day intervals after returning from her stay in
Uzbekistan from 1 to § September. Giemsa stain of peripheral blood.showed Borrelia spirochetes. The spirochete was
identified as Borrelia persica by sequencing of the amplicons of flaB using polymerase chain reaction and phylogenetic
analysis. The patient was diagnosed with TBRF, and-she completed a 10-day course of minocycline 100 mg twice daily.
After treatment, her periodic fever subsided. Physicians should be aware of TBRF in patients w1th recurrent fever who
have returned from TBRF-endemic countries, mcludmg areas of the former USSR

Relapsing fever caused by spirochetes of the genus Borrelia
is an acute febrile illness characterized by recurrent episodes
of fever. These Borrelin spirochetes are transmitted to humans
via the bite of an infected Ornithodoros tick (tick-borme

relapsing fever; TBRF) or by. contact with the bedy fluid of

an infected human body louse {louse-borne relapsing fever).
‘The TBRE, is endemic in discrete areas throughout the
world. Each Borrelia species that'causes relapsing fever is

- different according to-areas. The TBRF is caused by Borrelia

crocidurae or Borrelia duttonii in Africa, whereas Borrelia

" hermsii or-Borrelia turicatae in the North Amencan continent.

In central Asia, Borrelia persica or Borrelia latyschewii is the

causative pathogen'; a domestic or imported case of relapsing

fever has not been reported inJ apa.n Here, we report the first
imported case.

- lymphopenia {1,110 pg/mL), _elcvafcd levels of C-reactive pré—
teih (195 mg/L.) and alanine aminotransferase. (69 IU/mL).
Leukocytes were 7,290 pg/mL (73% of neutrophil and 15.2%

. megaly. Blood culture was negative (BACTEC plus aerobic

A previously healthy 20-year-old- woman presented to our - -
hospital on October 8, 2010, because of recurrent fever and

. lower leg pain. Before consultation, she had experienced four
febrile episodes-at 10-12-day intervals. She had visited Rishton,
a town in Fergana Province, Uzbekistan, from 1'to 8 Septem-

- ber while working as a Japanese language vohnteer. -She

stayed in a house with a thatched roof with a local family in

- Riskiton and mieals were mainly taken at home She recalled
being bitten by a tick on ber right thigh. Four days after

: -refurning from Uzbekistan, she visited her primary care. doc--
tor because of high fever and lower leg pain. She was diag- .

“of lymphocyte) Count of red-blood cells and platelets were

normal. Abdommal ultrasonography revealed mild. spleno-

medium and anaerobic medium, Becton, Dickinson and Com-

-pany, Franklin Lakes, NJ), and Gxems.a stain’ of peripheral. - i
" blood collected during the febrile phase showed helical bacte-

ria suggestive of Borrelia spirochetes (Figure 1) Borrelial ~
- DNA. was also dcte.cted in blood cultures and serum speci--
" mens obtained during thé fourth febrile phase using Borrelia-

(PCR).2 "I'hc sequence was deposited in GenBank as acces-
sion no. AB781030. The spirochete was identified as B. persica

-by sequencing-of the:amplicons of flaB using PCR axid phylo-

genetic analysis (scquencc sxm:,lanty was.99.6% to B. persica
strain T faccession no. JF708953], whereas 86%. io Borrelia

. -specific flagellin gene (flaB)-based polymerase chain reaction

ol e

- hispanica, 84-85% 'to B. duttonii and B. crocidurae, 84% to .
" Borrelia recurrentis strains). The post-treatment serum sam-

ple was negative in this PCR assay. The. -Borrelia was indeu-

" " lated into culture bottles containing Barbour-Stoenner-Kelly

nesed with common cold, and was prescribed cefcapene -

pivoxil (CFPN-PI). After taking CEPN-P], her fever promptly

resolved, and she discontinued treatment with CFPN-PI.

However, she experienced two further episodes of recurrent

high fever and lower leg pain, at 12 and 22 days, respectively, - '

after the first febrile episode. She took CFPN-PI during each
episode, and her fever rapidly abated. Durmg the fourth

febrile episode, occurring 11 days after the third epxsode she .

‘presented to our hospital for further evaluation.

On examination, her temperature was 39.8°C, her.blood
pressure was 112/70 mm of Hg, and her pulse rate was 90/min.
Her physical examination revealed normal findings except for

eschar on her right inner thigh. Laboratory tests revealed .

= Address cdrrespondcnce to Satoshi Kutsuna,
Shinjuku-ku, 1-21-1-Toyama, Shinjuku-ku, Tokyo, Japan 162-8655.
E-mail: linezolid@mac.com

1-21-1-Toyama, -

medium ‘with 10% rabbit serum (Homemade); however, they = . 7

did not propagate. The patient was diagnosed with relapsing -

pccur. After treatment, her periodic fever subsided.

‘The TBRF is characterized by periodic fever with non-
specific symptoms such as headache, myalgia, arthralgia, and
nausea. These symptoms last several days, foliowed by an
interval without fever, followed by another episode of fever.
If left untreated, patients usually experiénce 1 to 4 episodes of
fever before the illness spontaneously resolves. The definitive
d1agnos1s of TBRF is primarily based on the detection of
Borrelia spirochetes in smears of peripheral blood collected
during the febrile period. The PCR technigues (e.g., glpQ-
based PCR) along with scquence analysis can often identify
the infectious Borrelia species®; aithough the preferred treat-

. ment is doxycycline 100 mg twice daily for 10 days, we pre-

- De Pierpont and others all reported that minocycline was as
" effective as doxycycline in areas with limited resources.*

- 460

scribed minocycline as an altefnative treatment in this case.

Borrelia persica is [requently detected in Israel, Iranm,

and Jordan. However, the tick Ornithodoros tholozani, the .

134

* fever, and ‘she coimpleted a 10-day course -of minocycling .~ -~ -
. (100 mg twice daily). Jarisch-Flerxheimer syndrome -did not
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Ficure 1. Borrelia spirochaeta in the Giemsa stain of the periph-
eral blood corrected at the febrile phase. This figure appears in color
at www.ajtmh.org. -

transmission vector of B, persica, is widely distributed through-
-out India, the southern countries of the former Union of Soviet
Socialist Republics (USSR, including Kazakhstan, Kyrgizia,
- Tajikistan, Turkmenistan, and Uzbekistan), Middle East and

461

Received April 9, 2013. Accepted for publication June 13, 2013,

~ Published online Tuly 15, 2013.

- Near East countries, Turkey, Egypt, and Cyprus.** To our

. knowledge, although the epidemiological evidence regarding
TBRF'is inadeguate in the countries of the former USSR,°
. Colin de Verdiere and othets’ reported a case of TBRF caused
-by B. persica imported from Uzbekistan in 2011.

Several cases of imported TBRF have been reported through-
out the world. Most are cases of disease imported to Europe
from African countries® %, our case is the first TBRF case in

Japan imported from Uzbekistan. Tick-borne relapsing fever

is usually benign and self-limitirig, but there are severe compli-..

cations such as meningoencephalitis caused by B. crocidurae.*!
Preferred treatment of TBRF in adults is tetracycline or doxy-
cycline, and erythromycin, penicillin, or ceftriaxone can be used
as alternatives. There may have been previously overlooked
cases in Japan that resolved spontaneously or during treatment
with prolonged courses of antibiotics. ;
" Physicians should be aware of relapsing fever in patients
with recurrent fever who have returned from TBRF-endemic
' countries, including areas of the former USSR. Diagnosis is
‘primarily based on examination of peripheral blood smears,
Where available, PCR is useful because of its sensitivity and
ability to identify the causative species.
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