A RETRR NS .. L WmAES -
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and horizontal axis - dilution folds of samples}, the relative
efficacies of concentration were 0-56-0-64. The reason for the
low efficacy of HBsAg concentration compared to the efficacy
of HBV DNA concentration '(0-49-0-76) might be due to.
HBsAg (22 nm) being smaller than HBV (45 nm} and thus the
efficacy of agglutination with poly-L-lysine being different.

In countries where NAT is not available or feasible, the use
of a highly sensitive HBsAg assay is crucial in ensuring blood
safety. Although individual NAT is the golden standard, at
later stages of infection, low concentrations of infectious

viruses, which may not be detectable by NAT, might be found -

. in some HBsAg-positive blood donations [19,20]. HBsAg
tests with high sensitivity are predicted to have a comparable
yicld to mini-pool NAT [21], If the sensitivity of HBsAg
detection would be increased by several times, NAT might not

always be necessary in late-stage HBV infection. In our study, -
frve samples with low-level HBsAg, detectable only after -

concentration, were riot detected by conventionial indtvidual
"NAT (Table 4; lanes b, c). Twenty-seven of the 40-cases In’
_ which HBV DNA was detected wereshown to have HBsAg
after conctnmdon The remaining 13 cases {Table 4; lane
‘I-d, e) could not be detected by HBsAg concentration,
demonstrating the limitation of our method.

Although HBsAg-negative subjects may retain a'low
inféctivity and havé-a 1ow‘ risk for progressive ltver damage
{17], HBV. DNA testing 0r an HBsAg detection-method with

" the'highest sensitivity shouldbe unplcmcntcd -to decrease the
tiskof "post-transfilsion HBV. infeetion (26,27}, Our new. HBV/"
HBsAg concentrition methiod could-cdntribute to increaslng
the sénsitivity of HBV DNA/HBsAg detection. The: concentration
mcthod could be combined-with cither Cheinolurmi ent
Immunoassay [CLIA; PRISM, Abbott} or lndividual donadon
NAT to further increase the overall sensitivity of HBV detection,
Altcmanvely. If a high-sensitivity method such as the CLIA
was combined with our method; then it might be possible.to
undertake screening using pooled samples. Our concentration

method would potentially be capable of replacing individual -

NAT by mini-pool NAT, although the present efficacy of con-
. centration is not 1-0 but about 0-7 (Table-1)."
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8S-1-40 MAABSECE S HRMMEE - K& PCR BEORALEORY
PCR analysis of blood for diagnosis of bacterial and fungal infection in hematological paticats

OB MF' w8 HFL KE £’ EH mEl oMM XE. BA FEL BE gE' wo L AN
HE ES\ hE —FI\ BB &F A %k B ML AW B2 (EEXZF Jiikidt FIASE N
SEARELBEAR TRARERS ZEXRZEFHEREMR g’ SEKRE HAEVI—9)

{800) MEEBORNEHEC BT 5RMEOEE - RE PCR BREORAEITO A MM TR L. (] 207 E4RLD S
BeitEaEs s ViIDEnRERBEE X REANRBED S 5, FEAS 6L ES AR LT, S (VBT LEi
MG MM OME - K@ PCR HF & MR L IT LI PCR # R MMM ARE LR, (BR] 2 BB IR A
&7z, PCR BRI E~ 1OGRHE (BE 138, AEL@) RREEE~ 6 BRET(T<THA%L NI HIMTHFAEL
fofe, B, AEHEIE1IEE Y VP LI, HRTOAMEE o123 BT RTCHE S L ORERFEATH Y BEMIZ &
contamination & % % 5 hit. %K PCR ORFTHRENEHI N 3B 5, 1 BRFANAOLHT. 2ERERBELZL L
9 BMOIMTHTIZ PCRAETH 2K, HEPCROARETH >R 10BN ) b EHIBRES £ 6N REBL #X 5NN
EROMEMBEIE DS CENBEBR TR, L2L. Stenotrophornonas maltophilip4FFlZ & hui IETREFREINE
LArn@RERERL, REMOREILE DEEHAA L L, KEPCRNABEO 1 B TR RREM T AN VAR
LB MLB:20 B 31 & Aspergillus fumigatis 3HRE S TW L, (%] SEBLAH L MPEFAORRSL L LREXNR
ARSI L) BHTRTHoR, LAL, MR £2RAS L 7 SE(# & PCR BIPE 2o Twiy —R e, MEERTIIRMEN
+PCR COABHOY — A bE b L. MEPCROBRLEFIC, I hERRH GRSOCREE £ O L RERMGROREGETETY
PRI Bt & o 7o REBREI BV T by MM POR @R FAWIRE 5 BB HRLEFANHE D ENRRE NI, SR
6icF { DEHAT, WHE - KEPCR REDBRNABELND S CEREPE S ENLETHEEHLONI. T

0S-1-41 Levofioxacin & Polymyxin 8 EM{LERB L BRIE PR SN A OAEBEERE 1S HTOGRES
i :

_ Infections in neutropenic paticats who regefved prophylacticevotloxacin o Polymyxin B

Sl AR RAVLLD N VARE RUUVER BRULEE AR
BERERN BEALEAIE Vs -
(2] Giampadle & 1HHEEHKBLECEEEF~OLEREIBNT, 73 LRSUBLT Levofloxacin (LVFX) #% Bk
FHERRCHE. LRELA. (NEMA006 T0LI2HELET. NEELREHE SB 2 FBRESMOMLERE L
<, FRREO Polymyxia BPMP)KITh 0, LVFX #fi b RS LS (& 7o, DQTMOBETFHHROZIOWTR
FEx RSN SRTIEMLE {L T, 1999 % 4 A6 2006 % 6 A X Tid PMB . TOWIELTE LVEX L4ALCE |
SCHBREH L, (A5 EHEHRESHCARLEERERA o HEL R4 L9 T
CERISEIR S (0L PMB Bt NELGST. MMISHL LS. EDH4H LVEX B
48, MDS5 51, MM3 $1. EOR6 51, HAEis PMB R BEFH 64 P MHBH2 . LVFX
100, BASH 2 Pl BHERSRTIS PMBFICR TR TR 61 #, BRI F. LYFX I
18 .. BRI MIC 38 BB EORBMACE LIS S £ T ) Likic BRI RES ED
ARGEN CFAAMOBT LT, [#62) tFear 1000/ BFOMMIL PMB FF11 3¢ B, LVFX
TR Ao 2, MNGERRAEI PMB R 7B (7 5 SRR 35, MIEH 4 8, LVFX 8 OW CEEN]
WL ) PYB B TOM 2 FHTEE LIS, 38 BELEDSERN, ARG DR BA CRRE: £
g] FEORHISETRORL Y, EROLETELV S, LVFX BTERICA LSRG
TR 5 TIRB < & bFE A LIRS TS )y LVFX ORBEHRDIZ LT bﬂﬂt’t}&g :

PMB & 66.81.- LVFX- B 53
12 9y

0S-1-42" 20'7—)b_NAT"§)\&, M TRBE NARMIC & 5 HCV Bk .

The first case of transfusjon-transmitted HCV infection slipping through the 20-member<pool NAT
OFE HBLEF RELH “x%FLeE R\ F ReRE WL mA- L MR AR RS 20 WK AR
Hh MAL BE REY EE EAL LB RS (GEBRLKY REGEARE AERHIXE K0
FRRRTEMAEL Y ¥ — N BARA P RARATER LERWIAS HRIFIREES)

‘ Eﬁiiﬁﬁl:ﬁﬁﬁﬁ—ﬁtﬁ‘ﬁ.&ﬁmtﬁﬁé Ris 54 A, VELOL A B SeE A6E T-HCV 4ISHE, HCV 27 REIKH. 6 R

BB, 2007 & 10 A LHOR MEMAERET HCV 3 7 REOBIE(L: (281831 fmol/L (< 200)] AFOBLEoL, HTH
Lty - RELEEREL RE, 1B LPic BE OV E RN BREREREDORFMHT HCVRNA #RETHEI LY

BB L7 (PCR). DNERNMAS 10 | BOMISEH 4 XD RCC % 7=t PCRILAE: o Ko B EHBORE 54 RiKoWTER

ZHUHCY 851 NATCRIMNIEE) £ 1T, 3 5 1 Bufk 2007 8 71 17 BRI RCO) 6 HCVRNA ¥ Bl L7z BEHCV LR
1% HCV Core ELEZ U (1279bp) DILLEF % direct sequence ETWEL. 1R LARRRER—RL e SORE FEH
iz & B HCV: BETHETHEIEO TRV LB LR, BRTIRINETAPE AR £ Y D B B AR R TENS 500 7= & NAT
LI L. 2000 EITHE 50 Fm WIZER004 26 1220 7~V NAT &Ly ZORS Y ==Y FRELLTCE, BRTHLEL
& NAT B0l MBI O MRH & 0 HOV BROBEIFAEINTHS. AR
OE1DA 7L~ (NAT BESHn B aEOaMUBAL, 6 TH HCV BAAET LY BT SETHDL. Ko, AEUL 2007 F
108 17 B ANABBHERE LY 2008 3 A 30 BIMROLHTELE 8 iz HCV BAMO KM & #7r BOREATHCY
HAEIBAECZEE S L2108 4 B 6 HCV a7 FaME—EL THRIERETELR 500000 HETH o, T4h5,
SEMHRBOBEHT 5 HOV Biic 0w Tit HOV fisikE ATHATRATHL S L EBHT S, ShoDPEHRG: 652
DA t— Vit [RENEOAZ Y —= > 7 HEE LT HCV ITRENZETHD] JLTHS, FEALLT A RELEE (I

MEMOREHE] KonTRELLY.

{870) 192
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* drug-sniffing implen
. Users recnuted from a commuruty henlth clmlc in New York .

‘ transmisﬁon of HC,V havc prqduéed i

Intranasal Transmission of Hepatitis. C
Virus: Vuologlcal and Chmcal Evidence
Sagiv Aeron,' James M. M:Mlhon,"' Danietle Miting,’

Leilani Torres,! Michael Clatts, S\ephlnlo Tonn Dnnnl Mildvain,'
‘and Mslgorzsts Simm'

. “"Matecutar Virglogy Division, St. Luke's-Roosevelt” Institute for Health Sciences/
-. . Columbia Univeriity, *National Development and Résearch nstitutes, Boriken.

Nslghborhood Health Center, and ‘Division of Infectigus Diseases, Beth lsrael -
Medicai Center, New York, and *Schaol of Nursing,. JUnivessity of Rochester *

Medical Canter, Rochester, New York: *Schoal. of Public Health, Louisiana State
“University, New Orleans; and "Schaol of Public Health, Center for Globat Heatth

Research. University. of Puertd” Rico, San Juan

Intranasal transmission of hepaﬁﬁs C \n.nu(HCV) via con-

‘taminated drug-sniffing implements is.a’potential but uncon-
ﬁrmed source of viral infection. We deno trate thevuologlcnl
plausibility. of jntranasal transmissid
blood and HCV RNA are present‘in
of HC" fnk

Gity.

. Hcpasz C vitus (HCV) is the most commo bloodbome path-
- ogen in the United Statesand is a.majos
morbld:ty, mortality, and liver transplantatmn rll HCV is|
transmitted through .contact with infected blood 2] (mostly
. via shared needles and other drug m]emon paraphcmaha).‘

" however, a large’ proportion {up, to-20%). of ' HCV infections
remain unexplained, especially among nohinjqfcdon drug users
(31: Ohe hypothesis. to account for these unexplained. cases -

involves intranasal transmiission of HCV.vid contaminated im-

plem:ms, such as straws, used to snort cocaine; herom, and"

“other. powdercd drugs {41 [mpiemcnts inserted into the nasal
cavity, which has been eroded by long~tcrm dnig sniffing, might

. komie into contact with HCV-infécted mucus or blood, which -

might then be transiittéd to susceptxbl: individuat shanng
the same implement [5], Epidemi logic al studies of intranasal

’pubiism 2 September

Rmmd 26 March 2008: acupt:d 23 May ZWE et

Repmu ot cdreespondence; Or, Jamés McMaI\on tioal of Nu«

Medical, Certer, 601 Eimwood Avt fochest 3 NV 146(2 u:mx_nmzmnOum\c'

Jochesteredul.

Clinical [nfectious. Diseases 2008 47:531 : :

©°2008 by the Infectious Oiseases Society of America. Alf ngh(s vesetved
1058-4838/2006/4707-0013815.00

" DOL 10.1086/581638 . . .

use of hvcr-r:lakcd ;

onsistent findings (6, .

7], in part because of the high correlation between drug sniffing
and other risk factors for HCV infection. Here, we attempt to
refute the intranasal transmission hypothesis by invalidating
21 of its virological preconditions. Specifically, we address 2

_primary research questions: (1) Does HCV RNA exist in the

nasal secretions of scrum-positivé drug sniffers? (2) 1f so, can
HCV RNA be transferred onto the sniffing implements shared
by intranasal drug ‘users. A secondary aim was to examing

" dinical nasal pathologies that mlghl facilitate muanasal HCV :
- transmission. -

Methods. Our sample mcludcd low-mcome, urban intra-’

: nasal drug users with chronic, active HCV infection: Subjects

werc primarily Hispanic and- African American and were re-
c.runed from'a. nexghborhood hcalth clinic in Eajt Ha:lcm New
Yotk City, an ‘area with a high prcvalenc: of HCV infection’
(up to 29%)- among noninjection drug .users [3]. Ehglbxhty R

.criteria included (1) age, =18 years; (2), sdf-l:_eppz(ed intranasal.. :
 drug use; and-(3) 2 positive resuilt of a'quantitative HCV PCR~

blood test. Oyérall, 38 patients enrolied in'th'e sﬁ:dy ‘and pro-

vided informed consent. Study gmtocols weére approvcd by 3 )

institutional rmcw boasds,
" The followmg medical m(ormauon was obtaified from sib-

“ jects; quanutatxv: HCV RNA test result'and viral load; hepatitis

B antibody 'test results, liver enzyme Tevels (i.e. "alamne ami-’

" notransferase level), and. liver biopsy history. _Sub)ects com-
" pleted a brief survey, in cither Spamsh or Engl f, that covered

v m[ccncm,

demographic characteristics, risk’ factors for’ ¢
injection-and noninjection drug use, health slatus. and nasal

pathology symptoms.
_Blood samples were collected for quanmzuvc PCR Two nasal

- secretion samples (1 from each nosml) weré collected with
' Dacron nasal. swabs and placed in (1) | mL of TRIzol reagent
' (beco BRL] for RNA detection or (2)1'mL of OBTI solution

for blood detection. Similarly, 2 cxpenmental smfﬁng \mplc-
ments, which consisted of new (nackaged) soda stxaws com-
monly used by drug sniffers, were collected from each sub;cct.
“To avoid harmful effects of smfﬁng powdercd subslances, sub-
jects were instructed to “snort air" “while mlmlckmg their nor-
hal drug-sniffing behavior. - .

HCV RNA was lsulatcd from 200 ;AL ofserum by us¢ of the

 QlAamp MinElite kit (Qiagen); HCV RNA’ was, isclated from

nasal “secretions and sniffing lmplcmcms wusing - the TRizol
{Gibco BRL) on the basis of established promcols [8]. The first
strand of cDNA was synthesnzcd by lmProm IITM Reverse

" . Transcription System (Promcga) ‘using ‘gene- specxﬁc down-

stream primers targeting the HCV_pZZ core region, with minor
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Table 1. Detectmn of hepatitis C virus (HCV) RNA and blood
in biological sp btained from 38 pati with HCV-
positive serum specimens.

No. (%] of parsons
Assay {n = 38) 95% ClI
= o

Sniffing straws 215.3) 05-182-

modification of the upstream primer (410R-5-ATGTACCCCA-
TGAGGTCGGC-3). HCV ¢DNA was amplified by PCR with
40 cycles of denaturation (94°C for 30 s), anncaling (58°C for
30 s), and elongation (72°C for 45 s) with primers 406F-5"
TAGACCGTGCACCATGAGC-3' and 410R. PCR products
were detected by Southern blot using *’P-labeled probe (5-
AGGAAGACTTCCGAGCGGTCGCAA-Y).

HCV ¢DNA was amplified from randomly selected HCV-
positive blood samples with use of high-fidelity Pfu polymerase
(Perkin Elmer) using 410R and 406F primers and cloned into
a TA cloning vector (Invitrogen): The pTA_HCV was used to
.prepare standard-curves ranging from 1'% 10¢ to0 10 copjes of
HCV mRNA, which were'run in parallel to each set of samples.
The intensity of DNA bands was evaluated by densitometry -
using the Kodak Image Analysis System; thie HCV load for the
itest sample was calculated on the basis of the aumeric value
derived from.-the HCV 'titration curve. HCV load was calculated
as the number of copies per milliliter for blood specimens and
as the number of cobics per sample for nasal secretions and
implements,

Traces of blood in nasal secretiohs and sniffing implements
were detected by Hexagon OBTI Kit (BLUESTAR Forensic).
Titration curves -were prepared using human. hemoglobin

(Sigma) in 2-fold dilutions ranging from 10 to 0.1 ug/mL. The ~

concentration of blood in each ‘samiple was established by com-
paring the OBTI intensity bctwcen the sample and the he-
moglobin titration curve, .

Nasal cavity pathology was assessed for each patient by an-
terior nasal examination, rendering diagnoses on 8 nasal pa-
thologies. ‘Rhinitis was diagnosed on the basis of the classic -
symptoms of mucosal and nasal .{ccmion appearance (9], Rhi-

nosinusitis was defined by symptomatic inflammation of the” ~

paranasal sinuses and nasal cavity.[10].

Samplé prevalences of HCV RNA ‘and occult blood in riasal -
secretions and on sniffing impleménts were estimated. Ninety-
five percent Cls were calculated around péim estimates using-
the adjusted Wald method. Dcscrip(:ivc statistics were calculated
for sample descriptors and measures of nasal pathology. Our

limited sample size precluded statistical tests of significance
{e.g., associations between virological and clinica variables).
Results.  All 38 patients had chronic, active hepatitis C. The
serum HCV load ranged from 250 to 5,000,000 copies/mL (me-
dian, 5000 copies/mL). Recent liver biopsies had been per-
formed for 6 patients; all indicated chronic liver disease, with
stages ranging from 1 to 4. Recent- alanine aminotransferase
levels were available for 17 patients; the mean level (£ SD) was
46.7 +.26.7 U/L (range, 16-118 U/L). Antibody screening re-
vealed that 34% of subjects were positive for antibodies to HIV,
and 45% were positive for antibodies to hepatitis B virus,
Trace amounts of blood were detected in 28.(74%). of 38
nasal secretion samples (range, 0.1-10 pg/mL).and on 3 (8%)
of the 38 sniffing implements (range, 0.1~2 pg/mL). HCV RNA

-was detected in 5 nasal éccrction samples (13%; HCVY RNA

level range, 10-100. copies/sample) and on 2 sniffing imple-
ments (5%; HCV RNA level, 50 and 100,000 copies/sample}.
Prevalence estimates suggest a wide discrépancy between the
presence o‘f,Blood (74%) and the presence of HCV RNA (13%)
in the nasal secretion samples (table 1). Of the-5 HCV RNA-
positive nasal secretion samples, onily 3 had traces of occult
bload; of the 28 samples cositaining occult blood, 25 were
negative for HCV RNA (figure 1),

The prevalence of rhinitis in this ‘cohort’ was- hxgh (71%)

(table 2). In contrast, the prevalence of rhinosinysitis (11%) {s-

consistent with that of the general population. More than 40%
of subjects experienced rhinorrhea or. nasal congestion at: Jeast
once per week, 8% reportéd nose.bleeds-at léast once per week,

- and 8% and 1_6% reported muc_qsal !esmns and crusting, re-

spectively. Approximately one-half of the subjects attributed
these symptoms’ to' intranasal drug use. Foyr- persons. (11%)
were observed to have nasal septal perforations; 1 (3%) had a
nasopalatal perforation;-and 6 (16%) displayed- symptoms of
saddlenose deformation.” These pathclogies have been associ-
ated with advanced nasal cavity deterioration associated with
chronic intranasal drug use {11].

Discussion.” Our findings revealed a high'-prevalence of

"blood (74%) in the nasal secretions of HCV-positive }ong«texm

drug sniffers. We also confirmed: that HCV RNA was present
in the nasal secretions of a substantial proportion (13%) of this
cohort. Mast sig,_x\iﬁéantly. this study demonstrated that both

blood and HCV particles can be transferred onto sniffing im-

Occult Blood In Nasal
Scchduns

WV Ran -—

26 38

- Fyéura 1. Hepatitis C virus {HCV} ANA and occult blood 'in nasal

secretians.
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Table 2. Freg y of nasa! pathology symp : ampng' { drug users.
No. (%] of
subjects
Symptom (n = 38.)>

1105
27 (711.1)
e

Has a doctor or other health care professional ever tol you that the ‘inside of your'nose is
damaged in any way 1rom sniffing drugs7

7118.4

plcmcnu (i-en straws) during simulated intranasal drug use.
Studies have shown that HCV can remain viable on énviron:
mental “surfaces for up to 16 h, but kittle is know about thc
quantity of virus required for transmission {i2]. The p;e\{a-
lenices of HCV in the nasal secretions and -on -sniffing straws
are likely conservative estimates. It is reasonable 16 assume that

HCYV will be present in the nasal secretions with greater fre-

-quency and quantity during epxsodes of active-drug smfﬁng.
which may exacerbate dlschargc of nasal: fluids and blood.

‘Data in table 1 contradict the assumption that, in. persons’

with HCV-posmvc serum specimens, deteétion of blood lmphes
the presence of HCV. This discrepancy may be cxplamcd by 2
factos. First, the 2 assays (PCR and OBTI) were not performed

on the same samples. Sécond, the OBTI assay for blood detects

lmmunc compl:xcs between -human hemoglobin (hHb) and

. monoclonal anti-hHb antibadies,, Whld’l can occur even in the

absence of viable cells. In contrast; PCR can only detect HCV
RNA from intact particles. Therefore, the discrepancy between
the high prevalence of occult blood and relatively low detection
of HCV RNA in nasal secretions may be associated with the
rapid deterioration of viral RNA in'the nasal environment or

_the. destruction of viral particies by mucosal immunity. If the

Viability of HCV particles in nasal secretions is moderated by

- nasal pathology or immunity, this might help explain conflict-

ing epidemiological findings in which these moderating factors

- are not considered.

This study establishes the validity of 2 primary vuo]nglcal
precondlllons necessary for intranasal HCV transmission: (1)
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the presence of blood and HCV in the nasal secretions of in-
tranasal drug users, and (2) the transference of blood and HCV
from the nasal cavity onto sniffing implements; which are often
shared by intranasal drug users. Morcover. the frequency and
severity of nasal pathologies abseived in this cohort might ag-

gravate conditions that facilitate intranasal HCV transmission.

Consequently, these findings lend important virological and
dlinical support to the intranasal HCV transmission hypothesis.
In addition, detection of HCV i‘-‘. nasal secretions advances the
- debate regarding. potential iatrogenic and nosocomial trans-
mission of HCV in the context oif'ear, nose, and throat and
related clinical practices. More research is needed to-confirm
intranasal transniission as 2 made ‘of viral infection and to
determine its impact on the wider epidemic of HCV infection.
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Extent of hepatitis E virus elimination is affected by stabilizers
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Background and Objective To investigate the physico-chemical properties of hepatitis
E virus (HEV) with regard to inactivation/removal, we have studied four isolates

with respect to seinsitivity to heat during hqmdldry—heaung as well as removal by
nanofiltration.

Materials and Methods Hepatms E virus in an albumin solution or phosphate-
buffered saline (PBS) was liquid-heated at 60°C for a preset time, HEV in a freeze-
dried fibrinogen containing stabilizers was also dry-heated at 60 or 80°C for a preset -
time. In addition, to clarify the removal of HEV, the purified virus in PBS was filtered
using several types of virus-removal filter (nazofilfers) that have different pore sizes.
HEV infectivity or genome equivalents before and after the treatments were assayed
by a semiquantitative cell-based infectivity -assay or quanmanvc polymcrasc cham
reacton assay, rcspccuvcly
Results Hepatitis £ virus isolates in albumin solutions were mactlva(ed slowly at
60°C for 5h and the resultant log reduction factor (LRF) was from 10 to.22-2;
whereas the virus in PBS-was inactivated quickly to below the de_(cctidn limit and the
LRF was 2 2+4 to 2 3.7, The virus in a freeze dried fibrinogen containing trisodium
citrate dihydrate and-t-arginine hydrochloride as stabilizers was inactivated slowly
and the LRF was 20 and 3-0, respectively, of the 72-h at 60°C, but inactivated. to v
below. the detection limit within 24 h at 80°C with an LRF of = 4.0, The virus.in PBS
was also confirmed as to-be .approximately 35 nm in diamieter by nanofiltration.

These results are useful for. evaluating viral safety agams( HEV contamination in
blood products.

Condlusion The sensitivity of HEV to heat was shown to vary greatly depending on
the heating conditions. On the other hand, the HEV particies were completely removed
using 20-nm nanofilters. However, each, ihacﬁvaq’on]removal step should be carefully .*
evaluated with respect to the HEV inactivation/removal capacity, which may be
influenced by processing.conditions'such as the stabilizers used for'blood products.
Key words: dry-heating, heat inactivation, HEV, liquid-heating, nanofiltration.
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enveloped and ‘hi nucleocapsid containing positive-sense
single-stranded RNA has a diameter of 27-34 nm [1]. HEV

39
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is also endemic in humans, swine and several wild animals
such as deers and boars, suggesting that hepatitis E is a zoo-
nosis (2, 3]

The virus has been shown to be transmitted by faecal-oral,
food-bomne and blood-bome routes {1,4-7). Four genotypes
of HEV that infect humans ).lav:'bzcn identified, three of
which; genotypes 1, 3 and 4, have also been isolated from
swine and commercial swine liver {1,8,9]. Zoonotic food-bome
transmission of HEV was shown to be one_ reason for the
occurrence of a severe form of hepatitis E in Hokkaido, Japan,

" and HEV genotype and the presence of an underlying disease

influenced the scverity of the hepatitis E infection (10}. In
addition, the prevalence of HEV RNA or anti HEV immu-
noglobulm G (IgG)-positive bledd donors in Hokkaido was
0-019% (56/432,167} and 3-9%, respectively [11]. These reports
also suggested that a small but significant propordon of
blood donors in Japan with or without elevated alanine
aminotransferase (ALT} levels are viremic and are potentially
able to cause transfusion-associated hepatitis E. Note; that
anti-HEV IgG and HEV levelsin pooled plasmabave not been
reported yet. Thus, these data may indicate the need for pre-
cautions against the po(:nnal risk of transfusion-transmitted

"HEV infection, as prcvmusly discussed [12]. Tn addition to’
- foods, the saf:ty of plasma-derived products with respect to

'HEV may be an important issue and each product should be
evaluated for safety. against HEV ‘contamination.

Huang ‘et al. reported that four HEV. strains in cultur:b

iedia ‘containing 2% calf serum were inactivated .and that
residual mftcnvﬂy was not detected after. heating at56°C for

30 min {13]. Emerson et al r:poncd that three HEV isolates .

derived: from fagces including gcnotyps T and 2 were inac-

tvated after 60 min at 56 or 602C, but the h_cét—resistancc .
| properties differed slightly between the strains used. A strain

that was slightly more resistant to heating showed some

‘residual infectivity (< 1%) after 1 h at 56°C {14]. Tanaka

et al. also reported thatan HEV isolate/in a faecal suspension
in Tris-HCl buffer was inactivated and, that residual

o infectivity was not detected after heating at 70°C for
10 min, - whereas residual infectivity was detected after
30 min-at 56°C [15]. Unfortunately, these studies did not

-evaluate the log reduction of mfemvny and kinetic pattemn

. of inactivation.

There_have been no reports of HEV transmission via
plasma-derived products that contain various kinds of
proteins at high concéntrations and also various typcS of
stabilizers. However, investigative methods with log reduction

" and/or general information on HEV regarding the con-
tamination of blood producvs have been required. In this °
study, we investigated the impact on, the ability to inactivate

HEV durmg liquid/dry-heating and viral particie reroval

by nanofiltration in plasma protein preparations using four

HEV isolates found in Japan and belonging to genotypes:
3and 4.

© 2008 The Authoi(s)

Materials and methods

Viral isolates

Isolates from four different HEV clusters were used, that is,
genotype 3¢ [swJB-E, cluster SP (3¢}, GENBANK (in preparation
by Yamate ct al.]}, genotype 3yg [swJB-M, cluster US (3a),
GENBANK (in preparation by Yamate et al)], genotype 3,
{swJB-N, unclassified cluster, GENBANK {in preparation by
Tsunemistu ef al}}, and genotype 4y, [swJB-H, cluster JP (4c),
GENBANK {in preparation by Yamate ct al)] (Table 1). These
viruses were derived from faeces of infected swine in Japan.

The origins of swJB-H, swJB-E and swJB-M were naturaily
infected swine facces, while swJB-N was from faeces of
experimentally infected swine (Highland strain, kindly pro-
vided by Dr Hiroshi Tsunemitsu, National Institute of Animal
Health, Japan). :

Table T Details of virat isolates used

Viral titre
Isolation HEV . HEV
Genotype 10 genome®  infectivity”  Used for
e SwiB-NZ 3 e Uiguid-heating,
. . . nanofiltretion
3 sw)B-M5 72 48 . . Nanofiltration,
. dry-heating
swiB-M8 84 53¢ Uquid-heating
I swiB-E8 75 48 Dry-heating
swiB-E10 77 58 Liguid-heating;
. ’ nano-filtration
T4, swiB-H1 70 - Nanofiltration
wB-HIHT 704 4B - Liquid-heating
swiB-H? 74 37! " Liguid-heating
swiB-Hg . 68 38 Uquid-heating
sw)B-H219 2 38 liquid-heating

The genotypes and chusters of is::latés were grouped as described by
Takahashi et ot and Lu ¢t ol [24.25).

YGenome amount i indicated by log mplcs perml. For swlB-M, specific
primer sets and probes ‘lsense primer F2: § -TCGTGTACAMCCGAGATTC -3,

‘anti-sense primer R2: §-GCCCGGCAATATTGTTCTA-3", Probe Flu2:

5'-6ATGCAAC&CCGGCAGWGGT TYTC-FITC-3" and Probe LC2:

. §°-LCRed540-GCCCTGAGGTACTCTGGAATCATCCTATCC: 37 were designed

and used:For the other isclates, the primer sct and probe {HEBG, HEBY and
FAMIabieled probe FHEBS) designed by.Jothikumiar et af. {26] were used.

Infectivity titre is given as \bg dilution non-detectable end-point per mi

IMcean titre of twd [Cthree) independent. :xpcnmcnu

Mixture of H1 and H7 used.

SThis isolate is derived from faeces of an cxptnmcntally infected piglet.

_ Journal compilation © 2008 Blackwell Publishing Ltd., Vor Sanguinis (2008) 95, 94-100
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Isolation and purification of virus

Faecal samples (10 g) were resuspended’ with 100 ml of
phosphate-buffered saline (PBS) and centrifuged at 1600 ¢
for 10 min and the supernatant retained. Pellets were
resuspended in 50 m] of PBS and the suspension was cen-
trifuged again under the same conditions. Resultant pellets
were resuspended with 25 m} of PBS and the suspension was

centrifuged again, All these three supematants were pcoled

and were filtered using an AP filter (AP2504700, Millipore,
Billerica, MA, USA), After centrifugation at 10000 g for
30 min, the supematant was filtered through four sequential
. filters (50 um; SMWP04700, 1-2 ym; RAWP04700, 0-8-um;
AAWP04700,and finally 0-45 jtm; HAWP04700, Millipore).
Then polyethylene glyco! (PEG) 6000 {Wako Pure Chemical
Industries, Osaka, Japan) and sodium chloride up to final
concentrations of 8% (w/v) and 2-4% (wlv),'rspccﬁvdy,
were added to the final filtrate. The solution was stirred for
10 min and incubated overnight at 4°C. The solution was
" centrifuged at 10 000 g for 30 min and the precipitate was

resuspended with one-tenth the volume of the original solution

«of PBS prior to the addition of PEG. The solution was
. sonicated and centrifuged at 4000-g for 15 min at 4°C. The
resultant supernatant was filtered in two steps (0-45 pm;
SLHVO033RS and-0-22 um; SLGVO33RS, Millipore); and the
filtrate was aliquoted and stored at ~80°C as HEV stock.

Isolatcd HEV samples were allocated an Isolanon D and -

preparation lot number,

Hepatitis E‘nms stocks were furth:r purified for filtration
‘experiments. The 'viral stocks in PBS were treated with 1%
{v/v} Tween-80 (Wako Pure Chcmic';l Industries) and 0-3%
{v/¥) Tri-n-butyl Phosphate (TNBP, Sigma, St. Louis, MO,
USA) for 1 hat 30°C and then the solutions were ultracentifuged

at 150 000 g for 3 h at 4°C. The precipitates were resus- .

pended in PBS and subsequently sonicated and centrifuged

at 4000 g for 15 min at 4°C. The supernatants were filtered by
sequential 022 and 0-1 {im filtration [SLGVO33RS (0-22 um)
and SLVVO33RS (0:1 um); Millipore] and the filtrate was -

aliquoted and stored at -80°C as purified HEV stock. In‘addition,

HEV Genotype 3, derived from the culture media of infected -

A549 cells was treated with detergent along. ‘as described
above, and subsequently used for filtration experiments.

Quantitative HEV RNA assay for each isolate

The tota] HEV RNA in each lsamplc was. extracted using the
RNeasy Mini Kit (cat. 74104; Qiagen GmbH, Hilden, Germany)
_ and then quantified by polymerase chain reaction (PCR)

using specific primers. The copy number of swJB-M was
quantified using specified primers and probes sef from the'

light cycler (LC) RNA Amplification Kit Hybridization Probes
(Roche Diagnostics, Basel, Switzerland} and LC quick system
3505 (Roche Diagnostic). The assay conditions were as

follows: reagents; 4-0 ul of 5x LC reverse transcription (RT)-
PCR Mix HybProbe (Roche Diagnostic), 3-2 pl of 25 mM MgQl,

" 2:0 ! of 5 pmol/ul primer F+R, 20 pl of 2 pmol/p) probe

Flu+LC, 3-4 pl of water, 0-4 pl of LC RT-PCR enzyme mix and
‘50 ! of template (total 20 pl), and reaction; 55°C 10 min,
95°C 30 second, 45 cycles of 95°C 5 second, 60°C 15 second,
72°C 13 second and subsequently 40°C 30 second. The copy
number of ORE3 for swJB-N, swJB-E and swJB-H {genotypes
3per 3gp and 45} was also’ quantified usmg a QuannTect
Probe RT-PCR Kit (Qiagen) and Applied Bmsystcms 7500
(Applied Biosystems, Foster City, CA, USA). The assay condi-
tions were as follows: reagents; 25 pl of 2x QuantiTect Probe
RT-PCR Master Mix {Qiagen GmbH), i-0 p} of 20 us primer
Mix, 0-5 ptl of 10 pm Probe, 0-5u of QuantiTect RT Mix,
13-0 pl of water and 10 4l of teraplate (tota) 50 21}, and reaction;

50°C 30 min, 95°C 15 mm, 45 cycles of 95°C 15 second and
60°C 35 second.

Infectivity assay for HEV

Infectivity of HEV was assayed according to Huanget al. [13] .
with minor modifications. A549 cells (kindly provided by Dr.

. Takaaki Nakaya, Research Institute . for ‘Microbial Diseases, -
- Osaka University) were cultured in DMEM: (cat. 11995-065,"

Invitrogen, Carlsbad, CA, USA) containing 10% fetal bovine
serum {cat. SA3007103; Hyclone, Logan, UT USA),.100 U/m}

:pmlcﬂlm. 100 ptgfm) streptomycin {cat. 15140-122. Invitrogen)
and Insulin-Transferrin-Seleniurn-X (ITS-X) supplement
- {cat. 51500-058, Ithmgm] at 37°C-in 5% CO, in 2ir. The

composition of the’ nedium used. for the, vml assay was
Dulbccco s modified Eagle’s medium (DMF.M) containing 2%

) fetal bovine serum, 100 U/mi pcmmllin. 100 Hg/m] strepto-

my¢in, lTS-Xsupplcmtnt and 30 mM MgQ), feat 135-00165,
Wiko Pure Chemical Industries) at 37°C.in 5% CO, in air. For
the infccﬁﬂty ‘assay, A549 cells were seeded In a 12-well
microplate (36 x 10%.cells/ml, 2 mlfwell). After ani overnight
’culturr_. the.cells were.inoculated with serial 10-fold dilutions

-of the virus stock solution {0-3 ml/well}. Onday 7 of culture;

HEV RNA in cultured cells was assayed using the HEV RNA
assay method described above. The infectivity of each stock
of isolate used was determined from the dilution end-point
where no RNA was detected.

Heat scnsmvxty of HEV during hquld- and
dry-heating :

Hepatitis E viras isolates were ultracentrifuged 4t 150 000 g
for3 h at 4°C. The resultant pellets were Tesuspended with
PBS or a 25% albumin solution that was collected just before

" the heating step'in the manufacture of Kenketsu Albumin-Wf

(Benesis, Osaka, Japén) asa stabilizcr These samples were
aliquoted 3t 0+5 ml per tube and mcubatcd in 2 water bath-at
60°C for preset nmcs {0,0-5, 1, 2 and 5 h): After quickly

© 2008.The Author(s)
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Fig. 1 Inactivation kingtics of the f_mh HEV
. isolates during fiquid-heating. Sofid lines: HEVin -
' 25% atbumin. Broken lines: HEV in PBS. Arravi:

R 2008 The Author(s)
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cooling, the residual infectivity of the sample was &ctcrmi.ned '

as described above.

The HEV precipitates described above were also nsuspcndcd
with a Fibrinogen solution ¢ ining 1-3% (w/v) trisadi
citrate dihydrate and 2:0% (w/v} -arginine hydrochloride as
a stabilizer that was collected just before the dry-heating step
in the manufacture of Fibrinogen HT-Wf (Benesis). The HEV
solutions were aliquoted at 2-0 mijvial and freeze-dried
using an optimized freeze drying cycle (programme) for this
product (freeze dry systems cat. 7948020 and 7934024,
Labeonco, Kansas City, MO, USA). The freeze-dried samples
in the vials were closed inder vacuum. The.vials were then
heated at 60 or 80°C in a drying oven {cat. DK43; Yamato
Scientific, Tokyo, Japan) for 72 h. The heated samples were

cooled quickly and stored at 4°Cunti] the assaying. Residual -

infectivity was.assayed as described above, In addmon, the
residual- water- content of mock-infected samples prepared
using the same freeze drier pmgrammc and conditions with-

out spiking with HEV were assayed using the loss on drying-

test method described previously {16}, -

Removal.of HEV by nanoﬁlﬁ"aﬁon .

‘Hepatitis E virus stocks that were' detcrgcnt- treated, as described
"abovr, were. thawed conicenitrated, if r-:quir:d, sonicatcd and
~filtered usiug 022 pm (022 ym; SLGVO33RS, Millxpoxt) and

Beémberg Microporous Membrane (BMM] filter (Planova‘ 75N

{72 £ 4.nm, 0:001 1"); Asahi Kasei Medical, Tokyo, Japan)
. I'lmm:dxate]y ‘prior. to nanoﬁltnuon. The viral sampks were |
- subj:ctcd 0, nanoﬁltranon using BMM - JSN 35+ 2nm), 20N
T (18t2 nm) "arid 15N (15 + 2-nm; Asahi Kasei Medical) under -

conditions where 2-mi samples were applicd to 107 ra® filters
with 50 XPa and dead end ﬁlmuon Thie quantities: of HEV
RNA before and af\r_r filtration were measured uslng ‘the

quantitative HEV RNA assay described a\;ovc

Results

Viral preparations

Isolates. from four different clusters including two genotypes
. were prepared and each isolate was evaluated regarding
genome and infectiods titre in the stocks.

We evaluated the appropriateness of the method to determine
the-HEV infectious titre by semiquantitative PCR {data not
showni). The levels of HEV RNA in the infected "cc!ls were
higher at 3 and 7 days post-infection (dpi) than at 0 dpi. The
titres obtained were not consistent on 3 dpi whereas ‘the
resuits were consistent on 7.dpi. Therefore, we decided that
the titre of HEV should be determined on 7 dpi. According to
our data, about 1000 copies of the genome per infectious unit.
were obsérved in our.system, The infectious titres in the HEV
stocks of the viruses are summarized in Table 1.

- Heat sensitivity of HEV.

- The hcat;inacdvaﬁon' kinetics of HEV isolates. from four
. clusters including two genotypes during liquid-heating using
25% albumin and PBS at 60°C for 5 h was evaluated. All iso-
latesin PBS were inactivated below the detectable infectivity

timit within 30 min at 60°C and showed a rapid inattivation. -

The log reduction factor {LRF) of genotype 355, 3sp 3us and
4p was2 27,2 37, 2 3-7 and 2 2+4, respectively. In contrast,
all HEV isolates in the 25% albumin solution showed heat
resistance, and residual infectivity was detected even in the:

_ samples’ heated for 5 h-and the' LRF was 2:0, 2:0, 1-0 and
2 2:2, respectively (Fig. 1). ‘ :

The heat-inactivation kinetics of Genotype 3, and 3gp in
ﬁbnnogcn during dry-heatmgwas also evaluated. The'water
content of freeze-dried samples containing the two HEVs was
<0:3%. Residual infectivity was not detected with the LRF

Genotype 3;,- ’ . 81 Genotype 3us

Non-detectable end-point (tog/mi)

infectious vitus was not detected. Gcnotvpc

4y n-3
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