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TRANSFUSION COMPLICATIONS

A probable case of hepatitis B virus transfusion transmission
revealed after a 13-month-long window period

Silvano Wendel, ]asé E. Levi, Silvana Biagini, Daniel Candotti, and Jean-Pierre Allain
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BACKGROUND: Transfusion-transmitted hepatitis B
virus {HBV) Infection in recipients with drug-related
immunodeficiency is rarely described in endemic areas.

' Hepatitis B surtace antigen (HBsAg)}-negative infectious

donor blood can be identified by sensitive nucleic acid
testing (NAT).- Two immunodeficlent paliants who
recelved blood components from a single seronegative
blood donor subsequently found to contain HBY DNA
are described.

|- MATERIALS AND METHODS: Multiple samples from

the implicated donor and the two. recipients were tested
for HBV serologic and molecular markers. HBV genome

. fragments were.amplified; sequanoed- and phylogeneti- .

cally analyzed.
RESULTS The ! lmphcated donauon had low- Ievel HBV

‘1. . DNA due to'the donor. being In the window period

‘Before the-donar's.seroconversion, Recipient 1 had.

' Been vaccinated to HBV and carried anti-HBs bul
 remalned negalive for all other HBV markers: until she’

deve!oped acu!e hepatms B (viral;load 2.7'x 10° JU/mL
and alanine ammotransferase [ALT) level 1744 IU/L)

13 months after transfusion of red cells. Identical HBY
sequences from both donor and veclment provtded evi-

‘1, dence of transfusion-related infection. Recipient 2, who

received. platelets from the same donation while recerv-
" ing ma]or chemolherapy, remaingd uninfected.

CONCLUSIONS: In uhusual circumstances, HBV i incu-
bation time can be constderably prolonged. Both active

‘| and passive neutralizing antibodies - to HBV fikely

delayed, but’ did not pravent, acute. Infectlon when the
immune systeém was impaired. HBY NAT may have
interdicted the Infectious unit, although the donation !
viral load could not be quantified and o@ds of detection
calculated,
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nong blood-borne viruses of major concern in
transfusiori; hepatitis B. virus (HBV) presents
the highest residual risk,’ despite scveral sero-
logic markers available for screening. HBV DNA
testing is routnely performed in Germany’ and Japan®
and, more recenty, in several additional European coun-
tries.* HBV DNA testing is an expensive alternative to ang-
HBc in place for years in sevéral low-prevalence countries
but remains cost-prohibitive in areas of higher prevalence
to avoid blood shortage. Genomic screening can be per-
formed on individual donations or in plasma pools
ranging between 6 and 96, although it'was shown that
pooling reduces significantly the yield of DNA-containing
donations:** In Brazil, despite relatively high prevalence of
the marker, anti-HBc screening is mandatory and a few
blood banks also routinely test blood donatjons for both
hepatitis.C virus (HCV) and human immunodeficiéncy

_ virus (HIV) RNA but not for HBV DNA® A fundamental

limitation of anti-HBc screening is the inability to detect
window-period, highly infectious, donations. The pre-
seroconversion window period has been -extensively
“studied in serial plasma donor samples and typically
ranges between 37 and 87 days (median, 59 days).” Post-
transfusion infection was not systematically investigated
but the early stages were assumed to be of similar or
shorter duration due to the large volume of the‘inoculum.
The protective effect of anti-HBs has been well established
as well as the increased susceptibility to HBV infection of

ABBREVIATIONS: BCP = basic core promoter; PC = precore,
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Center; and the Department o!"HaemaloIogy, University of
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e-mail: snwendel@uninet.com.br.”
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HBY TRANSFUSION TRANSMISSION A 13-MONTH WINDOW PERIOD
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Fig. 1. Case description. (A) Summary of Reciplent 1 clinical h'islory. ‘The implicated
transfusion of RBCs is Indicated by a full arrow. Other transfusions réceived are indi-
cated s open trfangles, The filled triangle indicates the blood product containing
high titer of anti-HBs. Bolded ALT levels Indicate values above 5 times upper normal
fevel. The HBV infectious component and the PLTs confaining high andl-HBs level
were transfused on the same day. (B) History of Reclplem 2,Symbols are asin_
Recipient 1 {A). This patient fecelved a PLT concenu'ate '(PC). The interval bétween .

recclving the infectious PC and the PC containing high anti- HBs was 3 days. BMT = .

’ bone marrow transplantation,

CASE REPORT

On March 6, 2007, the hospital notified
the blood center that a 9-year-old

" female child suffering from a high-grade

acute lymphoblastic leukemia (Recipi-
ent 1), diagnosed in April 2005, was
experiencing a clinical episode of acute

hepatitis B. Serologic tests confirmed -
this diagnosis: the presence of hepa- -

titis B surface antigen (HBsAg) and anti-

. . HBc immunoglobulin M (IgM) and an'
" alanine aminotransferase (ALT) level of -

1744 TU per L later supported by an HBV

‘DNA load of 2.7 % 10* IU per mL. The
patient history revealed 24 transfusions.
incliding 13 units of red cell (RBC) and .
11 apheresis platelet (PLT) concentrates’

between April 26, 2005, and August 13,

2006 (Fig. 1A). During this period, she -

received chermnotherapy according to the
PROPII-97 protocol consisting of induc-
tion by daunorubicin, cytosine arabi-

_nosine, -vincristine, dexamethasore,

and 1-aSparaginase ‘as well as .intra-
thecal ‘methotrexate/dexamethasone/
cytosine-arabinoside.

of high-dose methotrexite and cytosine
with 6-mercaptopurine, -followed by
alternate cycles of vepesid plus meth-
otrexate and cyclophosphamide plus
cytosine. .

Records from . the implicated
donors were examined and most were
excluded as the source of HBV infec-
tion- because at least one subsequent

donation was negative for the presence *

of HBsAg and' anti-HBc. - One denor,
however, whose RBCs were iransfused
to the child on. February 23, 2006, also
donated PLTs by apheresis on March 30,
2006, and subsequent testing results
indicated a seroconversion to anti-HBc,
without.detectable HBsAg, amx HBs, or

~ HBV-DNA. -

A plateletpheresis concentrate pre-

. Maintenance
‘tréatment consisted of alternate cycles: -

immunodeficient llecipie'nts‘of organs from ariti-HBs-

- carrying donors.
Here are presented two cases of xmmunodeﬁcxent
. recipients of blood components frém a single unit con-

taining very low levels of HBV DNA. One of these recipi- - -

ents developed acute HBV Infection 13 months after
transfusion despite carrying vaccineé- mduced anti-HBs
" while the other was not mfecte(L

i7

vpared from the index automatic blood donation of ‘
" February 23 (Trima, Gambro BCT; Lakewood CO} was

transfused to a second patient (Recipient 2), a 65-year-old

female diagnosed with high-risk myelodysplastic ‘syn-

drome e\/o)ving to biphenotypic leukemia. At the time of
the suspect transfusion, she was receiving Hyper-CVAD
{ondosetin, dexamethasone, - cyclophospha:mde. Mesna,

doxorubicine, and vmcr:ls;me) plus inttathecal QT (meth-
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TABLE 1. HBV markers in samples from the implicated donor

Date of sample collection HBsAg Anti-HBc* sample OD/cut-off Anti-HBs HBV DNA
February 17, 2006 Nagative Negative NO ND
Repository samples February 17, 2006 Negative Negative (0.866/0.407) NO Positive
March 31, 2006 Negative Reactive (0.142/0.382) Negative Negative

OD = optical density; ND = not done.

* Hepanostika anti-HBc Uniform, BioMerieux, Boxtel, the Netherdands. Specificity in package insert is 99. BS percent,

otrexate and aracytin). She was hegative for the presence

.- of HBsAg and anti-HBc but had a low level of anti-HBs

(13 mUY/inL). In September 2006, she received marrow
transplantation in another hospital where no clinical or

" laboratory evidence of HBV infection was observed She

died of sepsis in November 2006.

Unfortunately, when retrospective mvestlgauon was_ :
initiated, the archive sample of the implicated donation

had already been discarded from the répository according

"~ to the national policy mandating the storage of a sample

from nonreactive donations for 1 year. Two separate ali-
quots of 230 uLof plasma, however, had been archived for

" potential mv&sugauon. allowing us to perform poly-

merase chain reaction (PCR) .amplificaion and DNA
sequencing for comparison with recipignf data. -

MATERIALS A‘N'D. METHODS
Serologic testing

Asiti-HBc (Abbott/Murex, Delkenheim.,'Gennany) HBsAg
(Axsym MEIA, Abbott Laboratories, Abbott Park, IL}; and

‘anti-HBs (Axsym MEIA; Abbott) testing was performed

according to the manufacturer’s [nstrucuons Antl-HBs
levels are expressed in-mIU per mL.

Molecular tesung
DNA was extracted from 200 uL of serum and/or plasma

~with. a2 DNA blood mini kit (QlAamp, Qiagen, Hilden,

fast PCR protocol (Applied Biosystems, Foster City, CA) In: -
the presence of 1 umol per L of each primer OY1 sense
A5"-CAAGGTATGTTGCCCGTTTG: 3') and OY2 antisense '

Germany) in Brazil and either tested locally or shipped
to the UK in dry ice. HBV DNA was detected initially by
one-step PCR using 7 uL of extract DNA submitted to a

(5"-AAAGCCCTGACCACTGA-3),* in a final ‘volume of
25 uL- Nested PCR:was performed on 12.5uLof DNA in'a

", 25-pL reaction (final volume) as ‘previously described S A -
_ PCRprocedures were performed in a thérmocycler (Model

9700, Applied Biosystems). Two nested PCR procedures

were used to amplify a 276-bp fragmen( located in the-

basic'core promoter (BCP) and precore (PC) regions anda

- 1434-bp fragment spanning the whole pre-S$/S gene, as

previously described.” Sequences of BCP/PC and pre-S/S

regions were obtained by direct sequencingof amplicons. .
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" Sequences were aligned with reference HBV genotype Ato

H sequences using computer software (Clustal W software
implemnented in Mac Vector Version 7.2, Accelrys, San
Diego, CA), and the alignments were confirmed by visual
inspection. Phylogenetic ahalysis_Was performed using
computer software (PAUP 4.0b10, Sinauer Assaciates, Inc.,

“Sunderland, MA) after exclusion of positions containing

an alignment gap from pairwise sequence comparisons.

- Nucleotide distances were analyzed by neighbor-joining
.algorithm based on Kimura two- -parameter distance

estimation. To confirm the reliability of the phylogenetic

trees, bootstrap resampling was performed foreach analy-

si5-(1000 replicates).

‘RESULTS

Analysis of the implicated donation sample
and donor

‘Upon "retesting, the repository sample gave the same

serologic.results as in the screening (anti-HB¢ and HBsAg

- -monreactive) but HBV DNA was detected by two distinct

PCR methods, both single-step and nested PCR. The first
assay has a limit of detection of 500 IU per mL and the
second of 100 1U per mL, and both showed clear ampli-

' cons; suggesting that, although not properly quantified,

the viral load was:above 500 IU per. mL. Viral load,
however, could not be quanuﬁed due to the limited
sample availability. Of note, the patient and the donor

.~ samples were processed 3 weeks apart, the donor sample
. -first, and were kept in different freezers, limiting consid-

erably the possibility of cross-contamination. On the
basis of phylogenetic.analysis of the pre-S/S gene, the

. sample was classified as genotype ‘Al. Translation of
" the “a” region of the S gene indicated a wild-type amino
- acid sequence when cofnpared to the genotype consen-

sus sequence. The BCP/PC region was also wild' tfype
‘without miutation in either the 1762 to 1764 doublet or
the 1896 nucleotide of PC codon 18 or.in any of the start

" codons fot PC or core sequences.

When retested from a sample coUccied 6 weeks after
the index donation, the donor plasma showed clear anti-
HBc seroconversion but no HBsAg or anti-HBs detectable

* (Table 1). Other HBV serologic markers such as IgM anti-
“HBc could not be tested for lack of available sample
,volume

7
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The donor was a 39-year-old male who denied risk
factors. He was of mixed race, partly of African origin. His
‘donation did not react for anti-HIV and anti-HCV.

Recipient 1

A summary of the Recipient 1 dala is presented in Fig. 1A
Before transfusion of the implicated component, anti-HBs
was present at low levels on two occasions as expected in
a child previously vaccinated to HBV. ALT levels were fluc-
tuating around upper normal levels except on two occa-
slons in May and October 2005 and 2006 when levels
reached 188 and 873 IU per L. In the subsequent absence
of markers of HBV infection, these high ALT levels could
be attributed to the underlying disorder and the chemo-

therapy, In the period after the transfusion of the impli- -

cated component, HBV DNA or serologic markers were
never detected until the acute HBV. infection 13 months
‘later. During this period, as in the preceding year, ALT
levels fluctuated but did not exceed four times upper
normal levels. Between transfusion in February 2006 and
the acute episode in March 2007, the patient received

seven blood components, A single dose of PLT concen- -

trate obtained from a double unit of PLTs prepared by
apheresis containing an anti-HBs titer of greater than

" 1000 mIU per mL was transfused on February 23, 2006,
the same day as the implicated HBV DNA containing
RBCs. The amount ofplasma transfused with the PLTs was
approximately 125 mL..

Seven samples collected from Recipiént 1 between
February 2006 and August 2006 did not contain detectable
HBV DNA. After a period 6f 7 months without transfusion,
a sample collected on March, 30, 2007 contained a viral
load of 2.7 x 10% IU per mL. This strain was sequenced in
the BCP/PC and pre-S/S regions, The latter sequence was
phylogenedcauil analyzed and revealed a genotype Al.
‘When these sequences were aligned with the correspond-
ing sequences obtained from the suspected donation, the
276- and 1202-nucleotide-long sequences, respectively,

were identical except for one ambiguity. Within the pre- '

S/S region, Samnple SL167648 (donor) showed a sequence
-ambiguity (adenosine/guanine) at nucleotide 231 starting
- from the ATG of the S protein. This suggested the presence
of- quasispecies in the donor while at position 231 only
guanine was detected in the recipient sequence. Phyloge-
netic analysis of the pre-S/S region showed that recipient

and donor sequences clustered with HBV genoty;SeAl ref- -

erence sequences of African origin, supported by boot-
strap values of 100 percent over 1000 replicates. On that
basis, the relationship between donor and recipient HBV
infection was cleatly established. Since HBV genotype-Al
in Brazil is essentially found in Brazilians with African
ancestry, racial origins of donor-and recipient were exam-
ined. The donor was of mixed African origin and the
recipient was Caucasian.

19

Recipient 2

Recipient 2 received the PLT concentrate prepared from
the same donor and donation transfused to Recipient 1.
Follow-up samples collected up to June 2006 (3 months
after transfusion) did not reveal the presence of any sero-
logic or molecular marker of HBV infection (Fig. 1B).
Before receiving the PLT concentrate from the suspected
blood unit, a low titer of anti-HBs was detected acquired
either from active or from passive immunity to HBV. The
elevation of anti-HBs dter to 192 mIU per mL observed in
April 2006 was probably related to passive immunization
since, coincidentally, the second unit of a double-
plateletpheresis concentrate collected from the same
strongly ant-HBs-reactive donation (>1000 mIU/mL)}
whose PLTs were transfused to Recipient 1 was transfused
to Recipient 2. This concentrate contained approxirately
125 mLof plasma and was transfused 3 days after the
implicated PLT concentrate. Overall, despite receiving PC

from an infectious blood donation, no evidence of HBV

infection was found in this immunosuppressed adult
patient to date.

DISCUSSION

Posttransfusion viral infection has been the focus of con-
siderable scrutiny, after the occurrence of HIV infections
related to transfusion. Although receiving considerably
less attention, reporting of HBV posttransfusion infection

has been limited by. screening for specific HBV markers

such as HBsAg and anti-HBc in some low-prevalence

¢ountries. More recently, genomic screening for HBV has

becorme available and was implemented in several coun-

tries-either in pools of plasma from blood donations or in .

individual donations. Most anti-HBc screening countries,
however, do not feel that it is necessary to screen for HBV
DNA and hence do not address the risk of window period.
Countries where HBV infection is relatively high {Euro-
pean Mediterranean countries or Poland) as well as some
relatively affluent countries with high infection preva-
lence (Southeast Asia) started screened for DNA to avoid

deferring a number of donors that would endanger the -

blood supply to patients.

Few studies describe the duration of the window
period in humans. Most investigate blood donors where
the origin of the infection was mostly unknown or post-
transfusion, The latter situation had the peculiarity of a

B large volume of inoculum {100-250 mL) compared to no -
more than 5 mL in the situation of intravenous.drug use;.

nosocomial infection, or vertical or sexual transmisston.
In a study conducted in the 1950s, inmates were inocu-

lated with Australian antigen-positive serum; the.interval

between infection and detection of HBV antigen was 45 to
92 days (mean, 77 days) but longer when the inoculum
was diluted 1:1000 (92-130 days).!! The infectious dose
seems therefore to influence the duration of the window
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" period. Other elements possibly interfering in the time

interval between viral contact and seroconversion to
HBsAg (window period) such as the state of the immune
system of the infected individual or the presence of specific
neutralizing antibodies to HBsAg have not yet been sys-
tematically examined. Only in the situation of transplanta-
tion ‘of organs from donors carrying anti-HBs with or
without detectable HBV DNA was evidence of infection
provided in patients receiving immunosuppressive drugs
for liver transplantation.'? In contrast, experiments con-
ducted in chimpanzees indicated that, in immunocompe-
tent animals, low levels of HBV in the presence of anti-HBs
were not infectious. It has also been well known for many
years that the risk of déveloping chronic HBV infection was
inversely proportional to the immunocompetence of chil- -
dren." In none of these circumstances, however, was the
duration of the window period or the level of preserocon-
version viral load addressed.

In the complicated and discrepant cases presented
here, several areas of uncertainty requu'e discussion. First
is the authentication of the donation ‘as source of Recipi-
ent 1 infection and as a window-period donation. This
implication’is based on two main elements: 1) the pres-
ence of HBV DNA in the donation and 2) the identity-of
pre-S/S and. BCP/PC sequences between donor and
recipient. The ptesence of HBV genomie in the implicated

" - donation was found in two separate laboratones in Brazil-
- andin England using different amphﬁcauon methods and
’ targeted regions. These positive results are strongly sup-
- ported by obtaining sequences from two such regions. The

hypathesis. of laboratory ' contamination - is . unlikely
because the prevalence of chronic hepatitis is 0.2 percent
in blood donors in the S&o Paulo blood center (limiting the
possibility of sample to sample cross-contamination) and

‘amplification of HBV in the dohor and recipient samples

was performed 3 weeks apart from samples stored in dif-
ferent freezers. Finally, being of genotype Al in a donor of
partial African origin is.the most plausible since in an

‘unpublished study of 33 strains of HBV from the same
" blood center, 52 percent of strains were of genotype Al

(J.P Allain and M. Premnath, unpublished). This domi-
nance of genotype Al was confirmed by several other
studies in Brazil.'™** The donor seroconversion to anti-
HBc 42 days after the implicated donation without anti-
HBs or HBsAg is not totally convincing (Table 1). While
HBV DNA as sole evidence of HBV recent infection
strongly suggests being in the window period, the negativ-

" ity of HBV DNA, HBsAg, and anti-HBs in the second

sample is unexpected, unless the stage of infection in the
follow-up sample corresponds to the second window
period, after disappearance of HBsAg and possibly DNA

" before the occurrence of anti-HBs. Unfortunately, no.

further sample was obtained from this donor.
While the identical sequence of more than 1500
cumulated bases between donor and - recipient. HBV
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strains leaves litle doubt about the donor being respon-
sible for the infection, once contamination of the donor
sample has been excluded, the discrepancy of the
outcome of HBV contact between the two recipients raises

multiple questions. Although both patients received

chemotherapy accompanied with assumed substantial
immunosuppressive effects and similar volumes of HBV
DNA~containing plasma (110 and 180 mL for Recipients 1
and 2, respectively), only Recipient 1 developed infection.
Neither .age nor volume of the inoculum could signifi-
cantly affect the ability to develop an immune response
since, at age 9, the maturity of the immune system is com-
parable to that of an adult. The presence of low levels of
anti-HBs before the implicated transfusion in both recipi-
ents might have played a protective role; particularly as
the blood component viral load was low, below 1000 to
3000 copies per mL, which is considered the limit of detec-
tion for HBsAg'™# Coincidentally, both recipients
received passive antibodies to HBV in the form of 125 mL
of plasma containing high-titer anti-HBs from the same
double-plateletpheresis- * donation.. One difference
between the two patients was that Recipient 1 received
125 mL of this plasma the day of transfusion with the

-implicated product while Recipient 2 received the same

volume of plasma 3 days after being in contact with the.
implicated PLT concentrate,” Since the suspected viral
strain was wild type in the S region, there is a high likeli-
hood that anti-HBs either raised by vaccine or passively
transmitted was neutralizing the circulating virus. ’
Recipient 1-did not receive any transfusion during the
7 months preceding the episode of acute hepatitis B and,
therefore, no reinforcement of her low level of anti-HBs.
During the same period of time, the immunosuppressive
effect of the chemotherapy accumulated and one can
speculate that at one point, the precarious protection
offered by low-level neutralizing antibodies became insuf-
ficient to contain the virus that started actively replicating.
Postiransfusion HBV infection window period typi-
cally ranges between 37 and 87 daysin HBV-only infection
and between 80 and 110 days when HCV coinfection was
presént.” The prolongation of theinterval between infec-
tious contact and evidence of active vira] replication in
Recipient 1 was unexpected and -remains difficult to
explain. Conflicting factors are at play. First the chemo-
therapy received by the patient to treat leukemia had likely
some immunasuppressive effect, which was expected to
shortén the window period and-facilitate viral replication.
In contrast, prior HBV vaccination and passive immuni-
zation was expected to prevent or atleast delay the clinical
expression of the infection. One hypothesis to explain the
evidence is that most of the virusreceived by transfusion
was comiplexed by neutralizing antibadies either actively
acquired by vaccination or passively transmitted. Some
free virus, however, may have persisted in the liver, escap-

- ing the immune system until the level of immunadefi-
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Background The risk of post-transfusion hepatitis B virus (HBV) infection has been
.reduced after the implementation of HBV nucleic acid amplification technology

(NAT). However, the problem of HBV DNA-positive and HBV surface antigen
{HBsAg)-negative occult HBV infections.remains to be solved. This is in part.duc to
the'HBY DNA load-being too low to. detect these occult HBV infections using mini~pool
NAT. In Japan; the assay for the antibody akainst the HBV core antigen (anti-HBc) has
not completely excluded occult HBV infection. To solve this problem, we have developed
anew method of concentrating HBV DNA and HBsAg simultaneously to increase the
seitsitivity of detection tests. - -

‘Methods ‘Virus concentration is achieved by the enhancement of the agglutination of

", vinses vusing poly-L-lysine in the-presence of a bivalent metal. Poly-L-lysinescoated
" -magneti¢ béads are used t;o‘shbmn the-time of ‘each step ‘of the concentration

procedure. Seventy-sevén anti-HBe-positive-and HBsAg-niegative: donations. were

*. examined HBsAg and anti-HBC were tested by enzyme immunoassay (EIA) (AXSYM;
.. Abbott).and haemagglutination inhibition test (Japanese Red Cross); respectively.
Results HBV surface antigen and HBV DNA levels were concentrated up to four- to.

sevenfold: Using this method, 35 of the 77 anti-HBc-positive and HBsAg-negative
donors were HBV DNA-positive by individual NAT and a fasther frve donors became
HBV DNA-positive by HBV concentration. Twenty-seven of 40 occuit HBV infections

~became HBsAg-positive by HBsAg concentration.

- Conclusion. Our new methad of concentrating HBV and HBsAg increased the sensi-

tivities.of EIA and HBV NAT, and enabled us to detect 27 of 40 occult HBV infections
by HBsAg EIA. ’

Kcyfworﬂs_: anti-HBc, concentration of HBV. DNA, concentration of HBsAg. occult

_HBVinfection, poly-L-lysine-coated magnetic beads..

Introduction

- most important viral infections mansmitted by transfusion.

‘More than 350 millien pédplgwor!dw_idg Qr: chronically

infected with hepatitis B virus _(HBV)_ [1]: HBV is one of the
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Nucleic acid ampliﬁcationt:c_hnoloy {NAT) screcning has
widely been introduced -for hepatitis C virus {HCV) -and

~ human immunodefidency virus, and.has greatly reduced the
risk-of transfusion-transmitted infection by these.viruses. In

contrast, HBV NAT has notbeen widely implemented, in-part
due to assay sensitivity issucs: HBV thercforeremains a source
of post-transfusion infection. The risk of post-transfusion
HBV infection has been reduced after the implementation of
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HBV NAT in Japan, and other countries reduce the risk of
" transmission by using assays with Increased sensitivity for
the detection of HBV surface antigen (HBsAg) [2-8). These

approaches have reduced the window period in the early -

stage of infection. The problem:of occult _HBV ‘infection,
recently defined as individuals who are HBsAg-negative and

HBV NAT-positive regardless of the presence or absence of -

antibody to hepatitis B core antigen (anti-HB¢) and antibody
.to hepatitis B surface antigen {anti-HBs),: however, remains

to be solved. Anti-HBc screening of blood donations has

" reduced the risk of occult HBV infection {9-13), However, in
HBV endemlc areas such as Asia, anti-HBc screening is not
generally utilized, because the rate of positivity is so high that
many blood products.would be discarded. One po’séiblc
solution to this problem is to.modify the cut-off value of the

anti-HBc test and also to take into account the titre of anti- -
HBs. Using this approach, the Japanese Red Cross'(JRC) has’

succeeded in reducing the frequency of post-transfusion HBV
infections,” particularly -post-transfusion fulniinarit HBV

‘infection [14; 15).;However, the problém ofi ucmlt HBVinfec~

' tion has not been comp]ctdy ‘removed' and'-each yéar a
" number of cdses of transfusion-associatéd-HBV. continue to

be reported [16,17]. Iit an atterapt to address thisythe cut-off .

- valué of anti<HBc has been decreased and the. sensitivity of

HBVNAT testing increased by reducing the pool size from 50 -

to 20 and:also increasing the {nputvolu,x_n: for the NAT assay.

" from 0-2.ml-to-0-65 al {15). :However, there are limitations
" for the strategy from:the view:pointof cost;cﬂ’ecnvmtss

Wehave dcvdopcd .a new method of concenfrating HBsAg:

and HBV, which could improve.the detection of occult HBV:
‘infection. The prindiple of virus concentration is to induce

the agglutination of viruses ‘and poly-L-lysine in the
presence, of a bivalent metal. Poly-L-lysine-coated magnetic
beads are used to shorten each step ln the concentration
procedure..

Materials and methods

Samples

Hepatitis B virus surface antigen-positive andfor anti-HBc-

positive donations that did not mect standard JRC requirements .

were collected with the cooperation of blood: centres-in the

- eastern part of Japan. from March 2003 to June 2006, None'

‘of these donations were used for transfusion purposes: Two:

hundred and fifty-nine donatlons were available. These-
were subdivided into 2-5-ml tubes and'stored at ~20°C. The
remaining plasma from the donation was also stored.at ~20°C. -

Of the 259-donations, 182 were HBsAg-positive by enzyine
" imrounoassay (EIA} (AXSYM®; Abbott Laboratories, Noith
Chicago, [L, USA) and 77 were: anti-HBc-positive (2'2° by
haemagglutination inhibion -assay (HI); JRC in-house],

HBsAg-negative (ElA;'AxSYM“). and anti-HBs-negative (< 714 .

© 2008.The Aut.hor(s)

(tess than. 200 mIU/ml)} by passfve haemagglutination assay
(JRC in-house). An anti-HBc titre 2% by HI is cqual
to 2 27-2%-fold diluted sample that Is positive (2 50%.
inhibition) by anti-HBc¢ ELA (AxSYM®).

The 77 anti-HBc-paositive donations were used to study the
efficacy of the HBV DNA and HBsAg concentration techniques.

Preparation of poly-L-lysine-coated magnetic beads '

COOH magnetic beads (125 mg/2-5 ml) (IMMUTEX-MAG™;
]apantse Synthetic Rubber, Tokyo, Japan) wer¢ 'added to’
01 M 2-morphorinocthansulphate (MES) (Wako Pure Chemical,
Tokyo, Japan) solution (final volume, 5-0 mi; pH 50) and
‘were incubated for' 10 min. Activated magnetic beads
{25 mg/ml) were suspended in- a coupling buffer {5 ml of
100'mM MES (pH 5-0), 50 pl of 100 mg/ml. poly-L-lysine -
(Wako) and 1-2 ml of distilled water] and mixed by continuous
inversion at room temperature for 15 min. Then 1-25 mi of
l-cthyl -3- (3-dym:myl-aminopmpyi)-carbodﬁmldo (Wako)-
solutlon was-added to the mixture and mixed by conﬁnuous
Inversion at 10°C for 20 h. Then the solution was replaced
with 1 M ethanolamine {(Wako) to block nacﬁons at 4°C
-overnight Poly-L~lysm:—coat:d magnetic beads were washed
. five times with-phosphate-buffered saline (PBS} and stored at
-4°C at a concentration of 50 mg/ml. )

Ittakes 3 daysto prepare the poly-L-lysine-coated magxcuc ’

heads Initially, the poty—L-lysme -coated magncﬁc beads |

" were manufacturtd in house as described above. Subse-

qucntly they have been purchased from JSR

) Couccntrahon of HBsAg and HBV DNA

Paly-L- lysmc-coated magncuc beads were added to 2 ml of
plasma at a fimal concentiation of ! mg/ml. Then, 30 p! of

1-1 M Zn{COCH], was ‘added to the sample. The resulting -

mixture was mixed and left to stand for 5 min. The agglutinated
" HBsAg/HBV DNA and magnetic beads were ‘trapped in a

magnetic field {MagicalTrapper®, Toyobo, Tokyo, Japan] i

and washed twice with PBS to remove impurities. The

concentrated HBsAg was eluted with 0-25 ml of 0-4 M ethy-

lenediaminetetraacetic acid {EDTA) solution. The whole -
volurne of the-sample-was eluted for EIA testing (AxS_YM',
. Abbott) {effective eightfold condentration). HBY DNA was
cluted. with 100 pl of 0-4 M EDTA solution and- 50 ul or
-100 ! was used for individiral NAT (10- or 20-fold concen-

tration, respectively). The concentration and elution' process * i

takes 30 min.

- HBV DNA extraction and quanﬁﬁcéﬁou

Hepatitis B virus DNA was exwlactcd using'au Ex-R;EtI_) kit®
{Sumitomo Chemical, Tokyo, Japan). HBV DNA was detected

quantitatively as described previously [3). Briefly, to'quantify = °

Joumal compﬂanon © 2008 Blackwdl Puhhshmg Ltd.. Var Sangulnis (2008) 95, 174-180
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the HBV DNA, nucleic acid extracts were amplified and
titrated by using a sequence-detection system (TaqMan, ABY

- Prism 7700 Sequence Detector; PE Applied Biosystems,

Foster, CA, USA). Quantification of the HBV DNA was
" calculated from the working curve (107, 10%, 10%, 10%, 16° and
10? copies/ml) produced by domestic standard saraples that
were prepared based on the international standard {NIBSC:
National Institute for-Biological Standards and Control}. Cal-
culation was carried out using Sequence Detector version 1-7
(PE Applied Biosystems). The qualitative detection limit was
"~ assumed to-be 60 coples/ml (95% confidence interval} and
guantitative' detection limft was assumed to be 100 copxcsl

. ml {95% confidence interval).

The AXSYM® HBsAg assay’ was used for detection of
HBsAg. Tests were carried out in accordance with the manu-
facture's instructions. A positive result is defined as a signal/

. moise {s/n) ratio 2 2. Samples with different concetitrations

of HB3Ag were used to assess the effectiveness of HBsAg

concentration. High-titre HBsAg samples (AXSYM®; s/n ratio .

266) were sequentially diluted 10-fold up to a final dilution

of 10-000-fold using normal plasma. Lower low-titre HBsAg

samples (AXSYM®; s/n ratio 12) were diluted up to a final
dilution of 1000~fold. Samples kiown to hav: HBsAg below

. the level of detection in the AXSYM assay (s/n ratio 1:7)

".were diluted to a final dilution of 100-fold. The mpcctxvt

diluted samples were then concentrated dghtfold as dsmbcd .

above.

The parallel translation of lmear line of dﬂudon curves

caused by HBsAg dilution and concentration: was studied,

plottini thie s/n. ratio of the EIA on the vertical axis to the -
. dilution fold of the samples on the horizonta) axis in both
. logarithm scnls :

The effect of anti-HBs on HBV DNA concr_nlnuon was
studied by adding anti-HBs obtained from immunized horse
.serum. The titre of purified anti-HBs was 51 200 U/l The

volumes of anti-HBs"added to the samplcs were O ]J.l 20 ul

(1024 mIU/1) and 35 pl (1792 mIUJ).

The effects of other viruses on. HBsAg and HBV DNA -

concentrations were studied in 'the presence of parvovirus

" 'B19 (non-cnveloped DNA virus) or HCV {enveloped RNA virus).
Data shown .in the tables .represent the -average of the

results of two ‘or three experiments.

. Results

Hepatitis B virus was édhccntxatqd quantitatively by our new
" ‘method in a broad range of HBV. DNA loads, However, the
‘ cfﬁcacy of concentration varied from sample to sample. The .

-cfﬁcacy of concentmtwn (mtasured valuc/:xpetted valuc

original x coricentration _txmes]_ls shown in Table 1. The )

efficacy of the concentration process decreased from 076 to
- 0-49 as the HBV DNA load increased From 10" to 106 copies/ml
(Tabl: 1).

¢ AN e

Odglnél sample

Table 1 Effect of the o : ion methed on ion of HBY DNA

~ samples

Sample Original 10-fold concentration Efficacy of

. no.. {copies/ml) (copies/ml) concentration’
© 16E4+06 78E+06 049
42E+05 216406 50
90E+04 STE+0S 063
22E+04 1-6E+05 . on

46E+03 ISE+04 078

*fficacy = 10-fold concentration (copiés/miforiginal x 10 (copies/ml}.

fahl_e 2-Effect of hepatitis B surface antibody (HBsAb} on concentration of
HBVDNA

10-fold concentration
HBY DNA HBsAb  HEVONA' Efficacy of
" (coples/ml} ] {coples/ral) concentration
0 860 on:
120 . 1024 1400 117

1792 1300 - 108

The efficacy of HBsAg concentration is shown in Fig. 1.
For the high-titre HBsAg samples (s/n ratio 266-03), 100-fold -
.dilution samples were more than limit for detection (s/n.ratio

4-88) and. 1000-fold dilution samples were less than the limit
for detection (s/n ratio 1-16), Followmg cightfold concentra-

"fion.of HBsAg, the 1000-f_‘old dilution sample was found
- positive.(s/n ratio 3-24). Similarly, in the low-titre sample the

undiluted sample was above the detection limit (s/n ratio
11-91}. The 10 times dilution samplé {s/n ratio 1-69) was neg-

ative but became positive following eighitfold concentration
(s/ratio 4-36). The negative samples {s/n ratio 1-66) became

positive by eightfold concentration (s/n ratio 3-49). Bascd on
the parallel translation of linear line shown in Fig, 1, the
relative, efficacy of con_ccnmtion was about 0-64(5:1/8) in
high-titre samples and 0-56(4-5/8) in low-titre samples.
_The effects of anti- HBs and other viruses on HBsAg/HBV
DNA. concentration were determined, The effect of anti-HBs

onHBV DNA cunccmnuon is shown in Table. 2. The efficacy,

of HBV. DNA concentration' In the presence of anti-HBs was

superior to that in-the absence of anti-HBs, However, in the '
presence. of anti-HBs (antigen-antibody coexistence samples},.

anti-HBs prévehted-@hc detection of HBsAg.
The effect of the coexistence of HCY or parvovirus B19 on
the efficicncy of HBsAg/HBV DNA conceritration is shown in

“Table 3. HCV (10° copies/ml) and parvovirus B19 (2" by

RHA: receptor-mediated hacmagglutination assay} had no

© 2008 The I\u\hor(s]
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1000

s/ values

Fig. 1 Paralicl translation of lincar line caused
- by hepatitis 8 surface antigen (HBsAg) ' 0
concentration. Vertical axis shows signalfnoise

{s/n) values of enzyme Immunoassay (EIA}

Indlcated by logarithm, and horiz axis shows D\

—e— Highx1
—o- High xA
— Low xi
~a- Low x8

—8— Negative x1

~0~ Negative x§

dilution fold of samples indicated by logarithm. w
The lincarity was obscrved more than two

\\\A\\\‘\o

(s/n value). Closed circle, high titre of HisAg 1

10 000
(x1: non~concentration}; open circle, eightfold Diturioa tmes
concentration of high titre of HBsAg (<8:
concentration); dosed triangle, low titre of bata for Fig 1
HBsAg (x1:non-concentration); open triangle,
cightfold concentration of low titre of HBsAg HBsAg: BIA( AXSYM: vi)
(x8: concentration); dlosed square, negative (s/n; ditution with normal platma
< 2} titre of HBsAg (x1: nonsconcentration); open L 10 100 1000 10000
. xt 266:03 38.81 488 ‘16 0-9%
square, cightfold coricentration of negative titre High 3 6T 185 w7 o4
of HBsAg (xB: concentration]. The dotted fine Low ) 1191 169 o8 7 g
shows two s/n values (cut-off values). Armows X8 28-28. 4-36 11 076
show the distance of parallel trgnistation by Negatve [-X! 166 ] :
HBsAg concentration. o . %8 | "~ 349" 093 [
Table 3 Effect of coexistence of HOV or -
parvavirus B19 on efficiency of hepatitis B AxS_YM,[sIn") L )
surface antigen (HBsAg) concentration HBsAg dllition with ‘10-fold concentration
Plasmz fn} dilution various kinds of plasma® of diluted HBsAg plasma
Normal plasma. - 139 K
HCV-pasitive plasma® 118 ' 347
Parvavirus B19-positive plasma’ 131 : S

*The original HBsAg-pasitive plasma titre ls 619:ElA (}\xSYM s/n)

Maore than 2 means positive.

The titre of anti-HCV was > 22 and the load of HCV RNA was 10° capies/mi,
“The titre of B19 antigen was 2" by receptar-mediated-haemagglutination assay.

effects on the concentration ofHBsAg/HBV DNA, Although the

parvovirus B19 could not be concentrated by this method

_ because of its lack of envelope, HCV RNA could be concen-
trated quantitatively {data not shown).

Seventy-seven anti- HBc positive (2 2° by HI assay by JRC

- crieria) and HBsAg-negative (EIA, AXSYM®) donations were

" selected to study the efficacy of HBsAg and HBV-DNA

concentrations. Of theé 77 samples, 35 were positive by

individual NAT and a further five became ‘NAT positive

© 2008 The Aulhor(s)

following - concentration {Table 4): Of 35 saﬁ\ples (Table 4;
lanes d, ¢}, 16 {Table 4; lane €} had HBV.DNA loads of 120~
1500 copiesfml and'the other 19 samplcs {Table 4;Jane d) had

HBV DNA loads less than the quantitative detection limit

(< XOQ copies/ml); However, the HBV'DNA loads of all these
samples exceeded 100 copies/ml following: concentration
(Table 4; lanes d, e). Five samples (Table 4; lanes b, ¢} that

were negative by individual NAT ‘became positive {less than.

100-510 copies/ml} following concentration.

Journal compilation © 2008 Blackwdl Publishing Ltd., Var Sangumxs (2008] 95, 174-180
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Table 4 Detection of occult HBV by concentration of HBV DNA and hepatitis B surface antigen (HBsAg)

HBV DNA {copies/ml)
a b < d ¢
Original Negative Negative Negative < 100 2100
Ce jon (x20) gath <100 2100 2100 NT
1 Original Negative 34 [ 0 8 5
Concentration {x8}. Negative -
HBsAg AGTM) i Original Negative 3 i 4 n "
Concentration (x8) Positive

NT, not tested.

_Of the 40 sam‘plcs (Taﬁlc 4; lanes b-¢) that were HBV
DNA-positive cither before or after. congentration, 13 were .
HBsAg-uegative even following. HBsAg .concentration; Of

-these 13 samples, 5 (Table 4, lane I<c} had HBV DNA loads

exceeding 100 - copies/ml by conventional individual NAT,
and eight (Table 4; lane I:d) were qu_a'nﬁtz&'velY less than 100
- coples/mi on the not-coricen d-sample but b NAT

posmve = 100 ¢4 pies[ml) Followlng concmtmtion Ofthe 77
sariiples, 30 (Tablc 4;lane I had detéctable] HBsAg following
HBsAg concemmnqn. Ot' these 30. samples( 27 _were NAT

followmg concentraﬁon for bo!h maxkcxs

Dlscussxon

U We havv: prcvxously reported that HBV DNA could be detected
- inthe HBsAg-Ticgative phases of HBV: infection {early window
pmod and occult HBY Infections] [2-4, 18]. However, the use
of H'BV NAT remains limited, bccaus: the HBV viral Toads
seen in HBsAg-niegative infected donors (occult HBY infec-
ton) are generally low [13-22]. A]thqugh_ ‘the infectivity of -
occult HBV: is.low-compared to-thatin.the window phases of

] early-infection 17);.we: ‘have,en&ountcred post-transfusion "
’ HBV'infection caused by both HBsAg:and roini-pool. NAT-

negative, but:individual NAT-positive donations [16].

. Ittas prtkusly béen reported that NAT sensitivity can be
increas:d by reducing the numbcr of donations in the
mini-pool (23], increasing the 1nputvolum; of serurn, and
by addition of‘an ultracentrifugation step [24]. From the

. viewpoint of cost-effectiveness, an inexpensive and easy
“method to increase sensitivity Is desirable, We have previ-
_ously reported a virus concentration method using poly-

ethyletieimine [25].. However, HBY DNA and HBsAg were not

_concentrated qualitatively. by the method, because the

combination of extracted nucleic acids of viruses and
magnetic beads is difficult to dissociate in the presence of
protein-degenerative reagents: We have salved this problem
with the use of poly-L-lysine that coagulates with viruscs in

'thc presence of bivalent metal ions (zinc acefate).

.Owing to the low concentrations of HBV DNA present in
carly acute infection when both mini-pool NAT and HBsAg
are non-reactive, individual NAT would be the best option

_glving a.much higher yield, -an:increased window period
-closure, and-consequently greatér benefit. It Is also much

debated'whether the most sensitive HBsAg detection method
is superior to mini-pool NAT, but inferior to.Individual NAT

[21,23). If: 20+pool NAT samples are. concentrated 20 times,

the sensitivity. of 20-pool-NAT might be equal to that of

" individual NAT

- It is-important to.determing whcthcr HBV could be
concentrated in the presence of anti-HBs. Inthis study, HBV.
was much more efficlently concentrated in the presence of
anti-HBs than without (Table 2). The results show—ing that the
éfﬂcacy.of concentration was more than-1-0 might-be a result
of the easy coagulation of anﬁgen antibody-reacted materials
with poly-L-lysine beads. However, in the case of HBsAg
concentraﬁnu. it is difficult to measure, the efficacy of HBsAg
concentration in the presence of anti-| HBs, because anti-HBs
inhibits the detection of HBsAg by ELA; The coexistence of
.other viruses would not affect the concentration of HBsAg/
HBV DNA, as:shown in Table 3. Morcover, the procedure is
useful for concentrating. coinfected enveloped: viruses as
HEV, although it will be difficult ta concentrate non-enveloped
viruses as parvovirus B19. HCV thatis difficult to concentrate
by ultracentrifugation because of its low density is casily
concentrated quantitatively by our method.

-We succeeded in concentrating HBsAg from occult HBY
infection. The theorctical plasma HBsAg concentration was
eightfold (2 mi of plasmaf0-25 mt of clution); however, from
the parallel translation of the linéar line (vertical axis < s/n

" © 2008 The Aulhm(s]
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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.
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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)

BRIEF REPORT + CID" 2008:47 (1 October) = 933
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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.

Introduction
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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)

Joumnal compnlanon © 2008 Blackw:ll Pubhshmg Ltd,, Vor Sanguinis (2008) 95, 94-100
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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)
qumal compilation © 2008 Blz:kwell Publishing Ltd., Vax Snngumu (2008) 95, 94-100
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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

42
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Genotype 3,

Nan-detectable endpoint
(Log/mil)

Fig. 2 Inactivation kinetics of the two HEV .
s isolates during dry-heating. Solid fines: at 80°C.

Table 2 Viral removal by nanofiltration using filtres of various pore sizes

80h detected.

HEV®
) BMM-fiitre 3ypq (sWIB-N2} 3y {swJB-M5) 3 {swIB-E10} 355 (cultured HEV'} 4, {swiB-H1}
BMM-35N {35 £ 2 nm) (61/481° 13 (69/<33) 2 36 (64/3-8) 26 (60/<32) 228 (56/4:5) 111
. BMM-20N(19 £ 2 am) E1<22)238 (69/<33) 2 36 l6:4/< 392 32 (60/< 32) 228 (56/< 30 2 26
BMM-15N (15 £ 2 nm) (61/<23)238 (65/<33) 236 (G4l 32232 (60/<32)228 (56/<30) 2 26
SHEV is in PBS.

“Genome amount is indicated as total log copics. Left: before filtration; right: after filtration.
“Log reduction factor. Log reduction factor was calculated from the genome amount in the samples before and after filtration.

Derived from cultured media of HEV-infocted AS49 cells

2.4-0 after treatment at 80°C for 24 h in any samples.
However, although the infectivity of HEV was reduced at an
LRF of-2:0 and.3-0; respectively, residual infectivity was
detected in ali 'samples that were treated at 60°C for 72 h
(Fig. 2J. These results indicated that the heat sensitivity is

different riot by genotype or-cluster, but by the composition
of the sample. v

Filtration of HEV

The putative particle size was also evaluated using Planova
filtres. All purified HEV isolates were removed to below the
detection limit using Planova-15N and -20N, whereas
significant amounts of HEV were detected after filtration
using Planova-35N. In particular, the removability by
Planova-35N was variable for the HEV isolates (Table 2). The
result also showed a similar log reduction of viral removal
between viruses derived from facces and cell cultures of
genotype g, and suggested that the diameter of viral particles
in the purified sample derived from faeces.was not affected
by contaminants derived - from faeces. These results may
suggest that the particle size of HEV is around 35 nm, as
previously reported [1).

Discussion

Several reports suggested that some industrial swine farms
and commercial swine livers in industrial as well as developing

countries could be contammattd by HEV {49, Yazaki et al. -

detected HEV genomes in commercial swmc vacxs that had
been eaten by 2 hepatitis E-infected patient, as shown by the
identical sequences of HEV in the liver and patient’s saimple
by genome analysis. They reported that the patient became
infected by cating uncooked liver [4). Our infection studies
using plglcts demonstrated that HEV was mainly detected in
liver, intestines, serum. and ‘faeces, but not detected in
muscl§ [17]. Current epidemiological studies revealed that
the prevalence of HEV RNA or anti<HEV IgG-positive blood
donors in Hokkaido and Tokyo was 0-01% (56/432,167) of
RNA and 3-9% of IgG, and 0-01% (3/44,322) of RNA and
8:6% of 1gG, respectively. In-addition, the prevalence of
anti-HEV IgG in Japan varies according to locality, 1-0-8-6%
[11). These results also suggest that although the possibility
of transmission is not considered to be high at the moment,
some patients who have HEV in their blood fnay donate blood
and this could-lead to a transfusion-transmitted infection.
Consequently, a monitoring study for donated blood has
been initiated in Hokkaido, Japan.

"Huang et al,, Emerson et alL, and Takahasi ef al. reported
on the heat sensitivity of HEV {13-15). Several strains heated
at 56°C for 1 b were sensitive. Some strains were inactivated

to below the detection limit whereas in others, ~< 1% of the

virus was still infectious. Unfortunately, these results were-
not shown with log reduction, time kinetics and effect by
stabilizer at 60°C. Furthermore, there has been no report of
heat inacn’vaﬁon_of frecze-dried samples containing HEV. In

© 2008 The Auxhor(s)
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i Broken lines: at B0°C, Arrow: infectious virus not.

Inactivation and removal of HEV 99

this study, we investigated the heat sensjtivity in liquid and
dry conditions over longer periods-of ime using several HEV
isolates belonging to genotypes 3 and 4. The results suggest
that the inactivation could be greatly influenced by the con-
ditions. In addition, HEV was inactivated gradually at 60°C
during dry-heating, whereas it was inactivated to below the
detection limit within 24 h at 80°C. This result suggests
dry-heating at 80°C to be cffective for the inactivation of
HEYV [18]. The inactivation patterns of HEV at 60°C with
albumin and fibrinogen were similar to those of canine
parvovirus, which is used as a model of heat-resistant viruses
(data’ not shown). This result suggests that HEV is a heat-
resistant virus.

We also cvaluated particle size using nancﬁ]tcs that have
a nominal pore size of 15, 19'and 35 nm using isolates from
infected swine faeces and from medium cultured with the
infécted cells, The viral particle size is consistent with a
diameter of around 35 nm as reported prevmus]y in an
électronic mlcroscop\c analysis (1]

We r:pon:d that'the heat sensitivity of parvovirus B19 is
also influenced and subsequently “varied its inactivation
pattcms using different compositions of the inactivation
matrix [19). In addition, although the raechanism of viral
particle removal by nanofitration is sizerexclusion, the
removal capabilities of these virus-removal filters are also
influenced by viral lqad and the condmonlcomposxdon of

_ the filtre [20~23]. Therefore, asafety evaluation for HEV con-

taminants,.cspecially inactivation by beating and removal
using, for example, nanofilters, should be performed using
validated manufacturing conditions.
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BLOOD DONORS AND BLOOD COLLECTION

Seroprevalence of Trypanosoma cruzi infection in at-risk blood
donors in Catalonia (Spain)

Maria Piron, Mireia Vergés, José Mufioz, Natalia Casamitjana, Sergi Sanz, Rosa Maria Maymd,
José Manuel Herndndez, Lluis Puig, Montserrat Portis, Joaquim Gascén, and Silvia Sauleda

rBACKGROUND: The increasing arrival of Lalin Ameri-
cans to Europe and, particularly, to Spain has led to the
appearance of new pathologles, such as Chagas
diseass, a zoonotic infection endemic to rural areas of
Central and South America. In the absence of the triato-
mid vector, one of the maln modes of transmission of
Chagas disease in nonendemic regions is through
blood transfusion.

STUDY DESIGN AND METHODS: The Calalonian
Blood Bank has impleménted’ a scraening program for
Chagas disease In at-rlsk blood donors and has per-
formed & study {6 determine the seroprevalence ot Try-
panosoma cruzl infection-in tha donor population. The
two commerclal tests.used In all samples wers. the -
iD-BaGIA Chagds antibody’ test (DIaMed) and the

" blodlisa.Chagas assay (Bloklt)

RESULTS: Qverall seroprevalence was 0.62 percent,
with 11" donors confirmed positive among the 1770
al-risk donors studied; the highest rate (10.2%) was In
Bolivian ‘donors. Interestingly, 1 of the 11 positive
donors was a Spaniard who had resided various years
in a Chagas disease endemic.area. Furthermore, 1 of

- the pasitive donors presented detectable parasitemia.
CONCLUSION: The results of-this study emphasize the
need for T. cruzi screening in at-risk blood donors in
fionendemic countries. An important linding is the rel
evance of including in the at-risk categary persans who

have resided In, but were not necessanly bom in, an
endemic region. ¥.7. cruzi screening is not routinely-
performed In alf donatlons it remains highly. dependent
on proper identification of at-risk donars during the pre-
donation mtervnew

|
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merican trypanosomiasis or Chagas disedse isa
zoonotic infection endemic to Latin America.
In endemic countries, approximately 8 million
people are carriers of the disease, approxi-
mately 50,000 new cases are diagnosed every year, and

- ‘fatal cdses are estimated at 14, 000 per year.!

Trypanosoma cruzi, the causal agent of Chagas
disease, can be detected in blood during the inidal acute

‘phase, which lasts from 6 to 8 weeks. Most patients age

asymptomatic or oligosymptomatic, but when symptoms

manifest, the acute stage of the llness may ] be character- -
ized by fever, lymphadenopathy, mild splenomegaly ahd ~

edema, sometimes involving the rnyocardial ﬁssue and

producing acute myocardits or encephalomyelihs I they‘
' remain untxeated 5 to 10 percent of’ these, pauents die?
‘After this phase, the infection usually progresses tg. the

chronic stage, in which the parasite i is ra:ely detécted In
blood. When it is clinically- silent, ‘the chromc phase is.

called the mdetermlna(e form of the: dlsease Many

patlents remain in this’ clinical situation for, the rest of
their lives, but 15 to 30 percent will progresswely develop '

symptomattc disease® Cardiologic manifestations are
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T. cruzi SEROPREVALENCE IN-AT-RISK CATALONIAN BLOOD DONGRS

the hallmark of the chronic stage. The most threatening
complications are heart failure and excitability and con-
ductivity disorders leading to cardiac arthythmia and
sudden death. These conditions often require recurrent
hospitalization, surgery, or more expensive cardiologic
procedures such as pacemakers, implantable automatic

_ defBbrillators, and even heart transplants® Less fre-

quently, Chagas disease involves the digestive tract. 23

In endemic areas, Chagas' disease is commonly
transmitted by a trlatemid vector that releases parasite-
infected excreta into lacerated skin or mucosa. Congenital.
and transfusion-related transraission are the other princi-
pal modes of acquiring T..cruzi infection.2® Transmission
of Chagas disease via blood transfusion has been recog-
nized since 1952,8 but it was only with the advent of the
HvV pandem:c in the 1980s that blood control programs
began to_ be implemented in rnost Latin American coun-
tries. Leg:slallon requiring ‘blood transfusion screening
has decreased the incidence of transfuslon-related Chagas
disease. There are varying degreés of success, however, in
unplementmg these contml measures in some endemic
regions.”

In countries where it is not endamxc, such as Spain, -

"Chagas disease is considered..an emerging infection

because of the mcreasmg number of immigtants coming

fromLatin America: Spam houses apprcxxmately 4 miltion

um:nigrants. ind' 1.5 million of them were bom In a
country: gndemlc for Chiagas disease.”

'I\'ansmlsswn of 7! cruzi in countrles where t.he vector’

doesnot exis\ occlirs mainly thmugh matetnal-fetal trans-

'mission, ofgdn txansplantauon, and blood transfusion.’®
.Desplle this knowledge | and confirmed repom of T cruzi
infection through. congenital transmission'®!! and blood
_txansfusian innonendermic countries," little attention has

been pald to assuring optimal screening and control

‘measures.

Since September 2005, Spanish. regulatory’. law
requites that all-at-risk donors be screened. for Chagas
disease or.otherwise be excluded from dohation.” Denors

_conisidered at-risk. by the’ Spanish Ministry. of .Health

include persons born in an endemic area, those born'of a
mother native t6 an endemic area; and those wiio. have

“undergone transfusion iri an endemic area. The ‘main

ob)ecuve of this article is to estimate the prevalence of .

cruzi infection, in-biood donors in Catalonia through -

unplememanon of a. T.-cruzi antibody screening test in

" donors considered at risk by the ‘Spanish Ministry . of
Health,as well asall residents for more than 1 momhm an

endemxc area,

MATERIALS AND METHODS

Donor selection and study design
Individuals included in the study belonged to one of the

following risk groups: Group 1, donors born or transfused

in an endemic area; Group 2, donars bom of a mother
native to an endemic area; and Group 3, residents in an
endemic area for more than 1 month, For the first group,
which was expected to contain the largest number of indi-
viduals, we calculated a sample size of 1500 subjects for an
estimated prevalence of 0.6 percent of T. cruzi infection
(95% CI, 0.2%-1%). Blood donation was accepted if there
was no other reason for rejection (e.g. malaria). In
patients who had grounds for rejection, a blood sample
was requested only for T cruzi determination.

Bach donor answered an epidemiologic question-
naire to obtain information on age. sex, birth place, date
of arrival in Spain, visits to endemic regions in Latin
America, and living conditions in the endemic ar¢a (rural
environment,. adobe house). The donors slgned an
informed consent form and the study design was
approved by the Ethics Committee for Research of our
center. Clinical assessment and follow-up was offered to
all positive donars.

Detectlon methods
Serurn samples from at-risk donors were processed for the
presence of T. cruzi antibodies by two EC-approved tests,

- according to the manufacturer’s instfuctions. Each’ of

these tests claimed 100 percent sensmvxty based on
various performance evaluation studies prescntcd in the
insert. Screening was performed with’ a- commercially

-available Chagas antibody test (ID-PaGIA, DlaMcd

Cressier surMorat, Svmzerland), a particle gel i immunoas-
say that contains two recombmam antigens: Ag2 and TcE.

_All blood donations with an mmaﬂy reactive resul( in-the

screening test were rejected. It should be noted that inde-
pendemly of the result of Chagas deétermination, platelet
concentrates were not made from at-risk donors.

- The'second test ‘used in all samples was the Chagas
b\oehsa assay (Biokdt, Lli¢d d’Amunt, Spam). which also
contains a recombinant antigen, TeF antigen. (T crizi

-fusion protein), and consists of & linear assembly of four

serologically -active peptides "PEP-II; TcD, TcE, "and
TcLoEl.2. When a positive result was obtained in at least
one of these tests, a conventional in-house enzyme-linked
immunosorbent assay (ELISA} test utilizing whole T cruzi
antigens from Maracay strain epimastigotes was also pet-
formed. Samples were confirmed positive when at least
two tests gave a positive result (Big. 1).

All initially positive samples by ID-PaGIA’ Chagas
antibody test and/or Chagas ‘bioelisa assay were retro-
spectively tested with the T cruzi ELISA test system
(Ortho-Clinical Diagnostics, Raritan, NJ), which was FDA-
and EC-approved after the beginning of this study. This

* lasttest'uses epimastigote lysate antigens.

-48

Furthermore, all initially positive samples were
assessed for the presence of parasite DNA in blood, using
in-house real-time polymerase chain reaction (PCR)."

Volume 48, September 2008 TRANSFUSION 1863



PIRON ET AL.
10-PaGIA (DiaMed) +
bioalisa Chagas {Biokit}
Two assays
NO non reactive 5
In-house native ELISA

Test System ELISA (Ortho-
Cllnlca! Diagnestics)

" yes” . NO
' |

. Result: Result:- | Result:
. POSITIVE NEGATIVE NEGATIVE
Fig, 1. Algorithm for T. cruzi serology interpretation.

The PCR techrique is designed to amplify a highly Eepre-

sented fragment.of 166 bp.in the satellite DNA of T cruaf, .

1t contains -an internal control for DNA extraction. and

amplification (human RNase P gene), and has an est-
miated sensitivity of 2 parasites per mL (35% posltwe hit .-

rate).

RESULTS

Epidemiologic data .
Between September 2005 and Septembcr 2006, a total of
1770 donors were enrolled in the prevalence study and
were screened for T. cruzi antibodies. These individuals
accounted for 1:1 percent of all blood donors in the first 3
months of the study (Table 1).

) Sex distribution (51% men) was similar to that of the
general Catalonian donor population (53% meny), whereas

the mean-age was lower.than that of the general donor.

population (35 = 11 years vs. 42 = 12 years). Approxi-
mately half the donors included in the study arrived to
Spain after 2000, 5 years before the beginning of recruit-
ment for the study.

According to risk groups, 1524 (86.1%) individuals’

were born in an endemic area (Group 1),:37 (2.1%) were
born of a mother from anendemli¢ area (Group 2); and 209

(11.8%) were temporary residents in an endermc cou.ncry .

(Group 3;.Table.1). Twenty-one donors (1.2%) stated that
they had undergone transfusion in a country endemic for.
Chagas disease. Only 20.7 percent of donors born in-an

endemic: area stated that they had lived in a rural environ- .

ment and only 9 percent declared to have lived in an

adobe house. For temporary residents,. the proportions .

were 66.5 and 22 percent, respectvely (Table 2J.

The most highly represemed»country of origin was
Colombia, accounting for 22,3 percent of at-risk donors
included in the study, followed by Argentina and Ecuador,

accounting for 19.5 and 14.6 percer,it.vrespecdvely_'v
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(Table 3). The majority of mothers of the 37 donors in
Group 2 came.from Argentina (10), followed by Colombia
(7), Chile (7), and Peru (3). Most donors from’ Group 3
{n=209) had visited various endemic countries during
one or several trips.

Prevalence of T, cruzl infection in blood donors’
In Catalonia .

- In the serologic screening, 21 donors presented an lnitiall}"'-

reactive result’ by ID-PaGIA Chagas and 25 by bioelisa
Chagas. Samples showing faint agglutination with theuse
of ID-PaGIA or an inconclusive result with bioelisa (ratio

absorbance;cutoff between 0.9 and 1) were considered ini-

tially reactive. Only 11 donors were reactive ini both tests,

The third test (in-house ELISA) was onlyposmve Inthe 11 -
serum samples that resulted posmve by the two commer~ B

. cial- tests used in the screening (Table4). The results "~
‘obtained. with the T. eruzi ELISA test system (Ortho- . .~

- Clinical Diagnostics) agreed with those obtained with'the '

- in-house ELISA (35/35), also based on whole parasite” .
lysate antigens. In addition, 1'of the 11 dénors had: detect‘-'

able parasitemia by PCR analysxs

. Overall prevalence. was 0.62 percent in the at~nsk'__.,
population, Ten of the eleven positive donors were. from. - -
Group. 1 (0.66%), and one was from Group 3 (0.48%) -
" (Table 5). The countries of origin of positive donors were’
-* Bolivia (6-cases), Argeritina (2), Ecuador (1), and Paraguay=
(1);and there-was one ‘Spaniard who had been Tivingin® -
. Venezuela for 27 years. We should’ emphasxze that. ‘the”
‘number of positive subjects among Bolivians (6. out of. 597,

Bolivian donors) represents a prevalence of 10.2 percent

for this country. None of the 37 donors born of a'mothier.

native to an endemic area and none of the dondrs trans-
fused In an endemic area (n = 21} were positive for 7. cruzi
antibodies. Only 3 of the 11 positive donors declared that
they had been living in a rural area or an adobe house

(Table 5).

DISCUSSION

In endemic countries, blood transfusion is the second

- most important way to acquire Chagas disease. Screening-
coverage in blood banks has reached 100 percent in-many..
countries, and this has reduced- the risk of transmitting.
the’ infection by transfusion.’ Nevértheless, cases of T.
cruzi . transmission .-by-. blood . trarisfusion - have beenv
recently described in Mexico where screening coverage,
which is not mandatdry at this time, is one of thelowestof .

all Chagas disease endemic countries.'s15 :
In nonendemic countries, blood transfusion is-one of

_-the main modes.of acquiring the infectisn,’ and . cases ;
of transmission. before. screening for T cruzi infection
. became mandatory in blood donors have been reportedin

Spain.!™* Buropean legislation requires permanent rejec-

NP al 4

T. cruzi SEROPREVALENCE IN AT-RISK CATALONIAN BLOOD DONORS

TABLE 1. Epidemiologic data of donors included In the study

* Data are seported as numbet (%).
1 Data are reported as mean (SD). . .

. » 3 X . Sex - Defered
Donors included by group of risk Transfused in gefore )
Group i Number (%) endemic area® Mate’ Female® donation . Age (years)}
1. Bom in an endermic area 1524 (86.1) 21 (1.4) 758 (49.7)  766'(50.3) ) 95 (6.2) 35 {10.7)
2. Bom of a mother native o an endemic area 37.(21) [} 18 (48.6) 19 (51.4) 127 28 (10.?)
3. Temporary resident in an endernic area 209 (11.8) 0 ) - 119 (s69), 90 {43.1) 1.9 {9.0) 38 (‘0,' ]
Total ’ : .. 1770 ' 21.(1.2) 895 (50.6) 875 (49.4)  115(6.5) 35 (10.8).

TABLE 2. lelng condltlons In endemic area

Group 1: donors bom in endemic region

Group 3: resident In endemic raglon

Has lived in riral area Has lived: In adobe house Fas fved In rural area

Has lived in-adebe house

3151524 (207%) 13771524 (9.0%) 1307209 (66.5%}

- 48/209 (22.0%)

TABLE 3. Dismbuﬂon of donors born in an endemlc reglon and of positive donors by country of orlgin-
T Lo o Pen:emaga of official imimigrant Anti-T. cruzi-positive fOﬂOI’S

. Counlry . Tested for anﬁ-T cmzz’ poputation ix Catalonia . Number Rate by country (%)
Colombfa , -~ 3407(223) - T 1as o
Argentina - 268 (19.5) - 7 . 2 ?/2,92 (g.ig)
Eclador . ‘223 (148) . 20.2- - . 1 1223 (0.45)
Uruguay . qzres - .44 .
Peru o 123 @n. - . 89

“Brazil o LAty 39,
Venezuela o 86 (5;6; . i;

.| .chile - COTTE0), o . . .

- Bolivia .. .'s9(39)” P gs : o6 8/59 (10.2)
Mexico T ‘40(28) ¢ - .
Paraguay 15-(1.0). - 1.4 1 115 {6.7)
Honduras 1070.7): o . 1.3
El Salvador 604} - : 0.4
Nicaragua’ . 3.2 . c o 0.1
CostaRica: . 2{0.1} . 3 0.1
Guatemala. 1 (<0.1) 0.1
Panarma LRy 0.1 S
“Total . 1524 ) . o 10
* Data are reported as fumbar (%).

‘tonof pérsons with'a history of Chagas 'd'i.sease for-blood
doriation.’ Nevertheless, most:people.do not present any
health preblem until miany ‘years after acquiring the infec-

TABLE 4. Dlslnbutlon of results oblamed with
the two commercial kits ID-PaGIA (DiaMed) and
o bioelisa Chagas (Blokit)* .

. tion. Because of the increasing nurber of people from--
Latin America resxdlng in-Burope;- and. Eutopean pecple

- who reside for a'time in an endermic aréa, | im plementation Initial result with 10-PaGIA

. Initial result wilh
the bioclisa Chagas

" of screening programs-for this- disease {n.at:risk donors Pasitive .-

Posilive: .’ Negalive
1tf 104
Negative 1431 - 1735

may be’advisdble in-all European blood banks.

. The Catalonian Bloed Bank xmplememed aséréening -
program for Chagas disease in all’ at-risk - doners- and ) 04712
simultaneously initiated a study to ‘determine-the sero-
prevalence of T. cruzi infection i inits blood donor popula---

* : Allinitially reactive results were conlirmed as posilive or
negative by |n-house native ELISA. Cohen 's kappa Index,

£t .In-house -native ELISA lesull pnsmve
t In-house native ELISA result negative.

tion. The' countries of ongm of the largest percentages
" of at-risk donors in-the preserit’ study - weré Colombia, -

Volume 48, September 2008 TRANSFUSION 1865 ’

50 -




PIRON ET AL,

TABLES. Epldemlologlc‘d@ta of the 11 positive donors

Transfusion

Have you
returnad recently

Date of

Did you
live In an
adobe house?

Did you

five In a
- ural'arsa?

Age at
donation

Bormn
in Spaln

Sex

{male/temale)

Pasitlve donor

number

in an endemic

arrival

in Spaln

Town, State

Machala, E! Oro

{years)

country

to your country?

Country
Ecuador
Bolivia

Cachabamba, Cochabamba

Santa Cruz

Sanla Cnyz, Santa Cruz
-San Juan

Santa Cruz, Santa Cruz

Santa Cruz, Santa Cruz
Caracas

Cachabamba, San Benito

Guaymallen, Mendoza

Argentina
Bofivia
Bofivia
Bofivia
Venszuela
Bollvia
Bolivia
Argentina

34
34
42
36
38
45
a1
36
40
49
51

u.LLE‘lLEELLLLLLiLL

FANNDYITNONO0 O~

San Estanlislas, San Pedro

. Paraguay
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Argentina, and Ecuador, and these were also the countries
of origin of the largest percentages of immigrants in
Catalonia in 2005 (Table 3).%

Overall seroprevalence was 0.62 perceat in the 1770
at-risk donors included, and positive donors were mainly
from Bolivia, with a 10.2 percent prevalence among
donors from this country. The seroprevalence of I. cruzi
infection in Bolivian donors is very high and is in keeping

with the 9.9 percent reported in 2001 in that country.
“{86.1% screening coverage at the time of the study}); which

is the most highly affected by Chagas disease.’”” The

remaining positive donors bom in endemic. areas were -

ﬁom Argentina, Paraguay, and Ecuadar, The setopreva-
lence of T. cruzi infection In bloed donors reported in 2001

or 2002 for these countries was 4.5 percent (second most.

highly ‘affected country), 2.8 percent (third most highly
affected country), and 0.4 percent, respectively.”

One important finding of this-study is the relevance of. .

inéludiug persans -who have resided: in, but were not

necessarily born in, an-endemic.area as an at-risk-donor.
group for. T. cruzi infection. This population is notconsid:
ered at risk in the curtent Spanish regulations.* One of the

11 positive donors described herein wasbormn in Spain.and,
had resided for many years in Venezuela. . '

) ‘Various studies have reported-seroprevalence data in-
_the immigrant population and in blood donors in.coun- -
tries that are.not endemic for Chagas disease. In Canada; -,

.and-Germany, for example, seroprevalences of 1 and 2.
percent have-been described, respectively, in cohoné of:
asymptomaticimmigrants coming fromLatn Ameﬁcafdﬂ“- .

As-to blood donors, two recent surveys in the United. .
States reported a seroprevalence of 0,02 tg 0.03 peréérit .
among all donors in blood centers in California, Arizona 2

" and Texas.® A previous study carried out in.Los Angeles.

and Miami blood centers identified 7.3 and.14.3 percent of

donors. as at risk for Chagas disease; with.a-9.2'and 0.1 "

percent seroprevalence of T, cruzi infection, respectively,

" in these at-risk populations.®
In Spain, some -blood banks have implemented -

Chagas’ - disease screening in. at-risk donors and sero«
prevalence data have been described, although some.of
the results are preliminary. . cruzi. infectlon seropreva-

~ lence varies' from.0.05 to 1.38 percent in the:available

studies.!”®? A'mean seroprevalence. of 0.65 percent can
be calculated from data proceeding from all. Spanish

- blood centers that have performed (or initiated) a-survey,

including, as a whole, 10,388 blood donors at risk for T.
cruziinfection. The results btained in Catalonia are con-
sistent with these data. i

The epidemiologic questionnaire provided some

“interesting information. First, the mean age of the at-risk

donors proceeding from an endemic area (Group 1
donaors) is lower than the general no-risk population (35
years vs. 42 years), as would be expected in immigrants
who generally come to Spainto work and irﬁprove their

T. cruzi SEROPREVALENCE IN AT-RISK CATALONIAN BLOOD DONORS

living conditions. Half the population included artived in
Spain after 2000, a fact that illustrates the increasing
immigration rates from Latin America observed over the
past years. Another interesting result from the question-
naire was that the information obtained about living con-
ditions in' the Chagas disease endemic area (rural area,
adobe house) did not correlate with the presence or
absence ot antibodies to T, cruzi. Pegple born in endemic
regions (7 of 11 positive donors) generally declared that
they had never lived-in'a Yural environrnent or an adobe .
house (Table 2), as i commonly assumed. Hence, this
question is not useful‘for differentiation purposes. Inter-
estingly; the-sarne conclusion was drawn frorm the Bedlin”
study, in whith: 95 of 100 immigrants declared that they
caine from an urban area, including the 5 cases of con-
firmed-Chagas disease.”* B

The two- serologic ‘assays used in this study were
chosen because at the beginning of the study they were
commercially avaitable and EC-marketed. Both are based
on récombinant antigens, whereas the third conventional
in-house ELISA is based on whole parasite lysate. All
samples confirmed as positive ‘had been initially reactive

with both recombinant antigens assays, and all samples -

“initially reactive with only one assay presented a nonreac- -
tive result ifithe in-house-ELISA and weré considered

. false-positive'samples: It is worth notingthat many dis-

ceepait’ restlts ‘observed between- both assays' corre-
sponded fo low 09 to 1 signal-to-cutoff rates for bioelisa
Chiagas’ (Blokit) or doubtful reactions with [D-PaGlA
(DiaMed); which were all considered as initially reactivein
this study. Additionally, it should be mentioried that the T@
cruzi ELISA test system performed on all initially reactive
samples (with one or two. tests) ‘confirmed the results

" obtained with:the conventional in-house ELISA. The high

rate of inconclusive or false-positive results obtained
wheén orie diagnostic test is used underscores the need to
confirm allinitially positive results with a seco nd serologic
technique. In any case, there is still a need for a real con-
firmmatory test to overcome the issués of discrepancies and
false results (positive’ or negative). The [D-PaGIA assay
allows testing: of-a small- number of samples at a time.
‘Although this systern has the drawback of rather subjec-
tive reading, it could be-useful in bloed centers with a
““small volumme of donations and is now even more reliable
since a third-antigen has‘been recently added to increase
the sensitivity of the test; The ELISA format, which allows
“for automation and objective. reading, ‘should: be indi-
cated in other blood: centers. An even more appropriate
. strategy would be the use of two screening tests, one
based on recombinant antigens'and the other on crude
antigens.”® ' i :
In summary, this study reports a seroprevzilence of T

cruzi infection -of 0.62 percent among at-risk- donors in -
Catalonia and emphasizes the need to include individuais
who have resided in, but were not necessarily born in

endemic areas as at-risk donors. The difficulty of this type
of selective screcning is proper identification of the risk
population, which essentially depends on the predona-
tion interview. Latin Americans accounted for more than 1
percent of the total of donors in our study, and this sub-
stantial contribution underscores the need to accept them
as donors.

In the future, techniques to inactivate or reduce the
parasite load, which are currently under development or
evaluation,®¥ might be applicable to blood companents.
At this time, however, detection of T, cruzi infection is the
only preventive measure available to accept at-risk blood
donors. :
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Titie; Unknown iliness identified as Arenavirus ckeywords
UL L

By Luyanda Makapela dd/mmA

date from -
Johannesburg - The virus which has caused the death of three people has been provisionally identified-as the rodent- =
bome Arenavirus. . . . to

The Arenavirus, related to the Lassa Fever Vinis of West Africa, causes chronic infections in:muttimammate mice. i‘ (\, . ' ) . '

Infected mice's excretion contains theivirus which.can contaminate human food or house dust.

A joint statement by the National Institiite. for. Cgrﬁmunicable Disease (NICD).and the-Department of Health.explained

that the Arenavirus is a disease spread from Human to human through the'contact of body fluids: Subscribe
3 Comments
"Speclal precautions are requlred in riursing patients,” a statement said. . About us -
“The finding follows blood samples being sent to Atianta, in the United States 1o determine {he cause of the deaths of @' Ce
three people who had been suspected. of-conltracting Viral Haemorrhagic Fever. . . Contact directories” - . '
“The virus is similar to Lassa Fever, thévdepad{x‘Jent said. It has previously been found in rodents elsewhere in Africa, ‘¥ Press »"?'éas‘?":s" G_Q‘ .

but has not been found to cause diseaéelin humang other than in West Africa:
Furiher tests are needed to confim the didgnosis by growing the virus-in culture: : ‘ o . o R

It ne%eds to be determined whether itis & praviously unrecagnised member of the Aréaviruses; and'what.lts distribution . . S B
is. There Is no indication as yet that Atefiaviriges which cause disedse Inhumans are-preseritin South African- E RSS...RSS....RSS:iw.
rodents,” the NICD said. ’ R K ) ‘What is RSS:feed?

. ) e o k flers fo find out
The first victim, who had to be flown'in from.Zambia in a critical condition, was admitied to the Morningside Medi-Clinlc Gligk fiers to find ou
In mid September, She died two day$ iater. : . E N s

About two weeks late'r, the paramiedic who had fiown in with the first victim, was;admitted al'thie same clinic presenting -
the same symptoms. R

A nurse, Gladys Mthembu died shortly afterwards. ‘According to certain répqns Ms: Mthémb’u';.fami&.hés been givena
go-ahead to continue with the funeral arangements as her bedroom had-beencbrd\onedbff By Heatth officials

Maria Mokubung, a cleaner at the MomlngsideMe’di—Clihlc, who alse died last weekend hias since been riled out asa :
possible victim of the virus i S . RN

Meanwhile the Gauteng Health Departmant has confired thal the three other ﬁaﬁents,v lndudfing;nur"se's-fémale
supervisor, who had been under obsenvation for showing symptoms of the'vinis have been discharged..- -

They had besn in contact wilh the riurse wiio.died:

However, departmental spokespersbn-?hui'riéalel'etKaundd said there were two contacts that'were stil underactive: . 1 - L N
surveillance after being admitted for-ciservation: N o o L

The one patient is a paramedic wha-had conlact with the first patient and developed fe:ver-fand fig-like sympfoms. He -
was admitted initially in Flora Clinic and then:transferred to Morningside Medi-Clinic with'a diagnosig of kidney stones. '

The other patient is a nurse who attended to lr‘\e" second patient and developed signs andvs){mbtc}ns similar to the first E
three patients. She Is being treated.in isolationiand received the anti-viral medication; riavirin. The patient is-presently
stable. . ‘

Gauteng Health MEC Brian Hlongwa meanwhile has sent condolences {o the families of those that were killed by the
viral infection, padticularly families of Health professionals who diedin the line of duty. - o )

\

“This illustrates the dedication of our heaﬁh ‘professionals and the need to society to 'respéd ‘and honour the work that
they do," said MEC Hlongwa. B

)
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Arena virus outbreak, South Africa- — Updété B

This updates all previous reports and includes available data as of ~

24 Oct 2008. An‘outbreak of infaction due to an arenavirus was

identified in South Africa.in early October 2008. A;otqi of 5 cases '
has been reported for the period 12 Sep to 24 Oct.2008. ’

The pdmaq case (case 1) had ﬁnset of iliness on.-2' Sep 2008. An
additional 3 se_coqdan} cases (case 2, 3 and 4)_and 1 tertiary case
(case 5) have been confirmed to have: an arenavirus infection by -

“1aboratory testing, The-primary case ‘and 3 secondary cases have d‘ed.

The tertiary case is cuirently hosprtallzed Ages of cases ranged
from.33 to 47 years. 4 cases were femalo and { male: The source of .
infection is, as yet, unknown for the primary case. The other 4 cases
all had potem.nal exposura to bloodand/orbody ﬁu|ds of a primary s
or secondary case in the health-care semnz ’

The pnmary case was 8 safari booking agent resident in Zambla The®
patient was flown to South Africa for medical care in a cnbczlly :

il condition. on 12 Sep 2008, and died on 14 Sep 2008, Case 2 was a’

paramedic who cared for case 1, during the transfer fmm Zambla on 12
Sep 2008 and case 3 was a nurse who cared for case 1i in the intensive-

-care ‘unit from 12-14 Sep 2008, Case 2 was adimitted on 27 Sep 2008 nnd

died on 2 Oct 2008 and case 3 was admitted on 30 Sep 2008 and died on
§0ct 2008, On 14 Sep 2008, case 4 performed terminal .cleaning of the
roam in which case 1 was hospitalized. The.5th pabent is a_purse who'
cared for case 2 from 27 Sep 2008 to 2 Oct 2008, She became ill ori 9

. Oct 2008 and is currently critical but stable. Ribavirin has been *

used for treatment in’ this case based on good evtdencc “of, efﬁcacy in
patierits with Lagsa fever (an arenavirus infection). The eshmated '

"incubation period (interval -from exposure to symiptom onset).in

sacondary and-tertiary cases ranges from7 to 13 days.In 4 patients
who died, the interval from onset of iliness to death ranged from 9
to 12 days (Figure 1),

Only limited clinical data are currently available for case 4. who
presented late in the course of illness with bleeding and confusion
and-died soon thereafter. Clinical features of the remaining 4 cases,
for which more clinical data were available, dre preserited. All '
patients presented initially with a non—specific flu-ike iliness

with symptoms of fever,headache and myalgia. The illness increased in
severity over 7 days with all 4 paﬁents' developing diarrhoea and e
pharyngitis during the course of illness; A morbiliform rash on ‘the

face and trunk was reported in 4 cases on day 6 - 8 of illness.

Facial swelling occurred in 3 patients. There appeared to be an

initial clinical improvement after hospital admission in 3 patients,
followed by clinical deterioration. Sudden and rapid deterioration
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"active case finding and ir igat and nt of su

with respiratory distress, neurological signs and circulatory
coliapse were terminal features in all patients who died. Bleeding
was not a prominent feature. However, one patient had a petechial

. rash and ancther had oozing of blood from venepuncture sites. Chest

pain was reported in case 1.

At the time of admission all patients had thrombacytopenia (range:
42-104 X108/L). Liver transaminases (AST and ALT) were available for
4 of 5 cases and were variable at the time of admission, howaever all

4 patients had raised AST and ALT during the course of their iliness.
Leucopenia was present on admission in 2 patients and 3 patients had
a normal white blood cell count on admission. 4 patients subsequently
developed leucocytosis during the course of hospitalisation. Al

" contacts {family members, friends and healthcare staff) are being

monitored with twice daily temperature measurements for a period of
21 days aRer the last exposure to a known case. In addition, safe
buriat of the deceased has been supervised by environmental health
officers. Full personal protective equipment (PPE) and isalation
precautions as per VHF protocols have been instituted.

The causative agent int this outbreak was initially identified as an
Old World arenavirus by immunchistochemical tests parformed at the
Infectious Diseases Pathology Branch of the Certers for Disease

. Control and Prevention in Atlanta, USA, and on autopsy liver and skin

samples taken with biopsy needles and skin punches in the Special
Pathogens. Unit of the Nationa! Institute for Communicable Diseases,
Nationa! Health Laboratory Service, Sandringham (SPU-NICD/ NHLS),
South Africa, from cases 2 and 3 on 9 Oct 2008 under biosafaty love!
4 laboratory conditions. Subsequently, infection with an Old Worid

“arenavirus has been confirmed in all 5 cases by positive PCR results

and virus isolation by SPUNICD/ NHLS and CDC. Analysis of sequencing
data generated at SPU-| NICD/NHLS, Columbia University, New Yor‘k and
CDC, Atlanta appears to indicate that the current cm’hreak is caused
by a unique Old World arenavirus,

"There are currently no additional sus;)ected cases. The outbreak
- appears to be contairied and has beern corifined to individuals with

very close contact in a health—care sattmz, Momtonng of contacts, . -
ao

cases will. conunue as needed. Further chamctqnzauon ofthe .
causative agent is under way and mvesﬂznuon into the source of :
mfecuon in the pnmary case is requnred Addluonal studies to X
detennlne whethsr mild/asymp - irtf A occurred gst close
contacts and other exposed-individuals would be essential in better

ng the extent of this outbreak and clinical spgctrum of (‘ilsease."

Arenaviruses are a family of enveloped negative sense single-stranded
RNA viruses.'Members of the family are parasites of rodents, in which
they establish chronic renal infection. High titres of virus are

prasent in rodent urine, which can contamir\aie human food or house
dust. Exposed humans may become infected as accidental hosts. The

" _prototype of the family is lymphocytic chariomeningitis (LCM) wrus

and infection of humans with this virus may present as an

o nfluenza-tike illness, aseptic meningitis or severe

memn(o-encephalomyehv& Nenavwses which cause. a haemorrhagic
fever syndroma are welt documentsd in South America (New World’
arenaviruses, including Junin, Machupo, Sabia and Guanarito viruses).

. The so-cailed Old World arenaviruses include LCM which in fact has 3
_ worldwide distribution, and Lassa féver virus which affects up to 500

000 people annually in West Africa, specxﬁcally in Nigeria; Sierra
Leone, Liberia and Guinea, but the virus is suspected to be more
widely distributed in that region.

*The clinical spectrum of Lassa fever virus infection ranges from

lnapparent. through mild febnle iliness to fulminant haemorrhagic
disease, and mortality rates vary from 1-2 percent among cases in the
community at large, through 20 percent among hospitalized patients,
to >40 percent in nosocomial suttireaks. The multmammate mouse

{ Mastomys natalensis ), which is the most important host of Lassa
fever virus, has a distribution extending from West Africa across to
East Africa and from there southwards to the northeastemcorner of
South Africa. Its distribution overlaps with that of other Mastomys
species, and arenaviruses have been found in southern African rodents -
in the past, but there has been no previous association of these
viruses with human disease despite sustained monitoring. Preliminary
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testing indicates that the virus associated with the present
nosocomial disease outbreak is a distinct new member of the family.

Communicated by:

Dr Irene Lai MB BS

Deputy Medical Director

Intl. SOS Online and Corporate Medical R&D
International SOS -

Leve! § Challis House 4 Martin Place
Sydney NSW 2000 Australia
<73022@internationalsos.com>

{This update provides a definitive account of the recent outbreak of
arenavirus-associated disease i South Africa. A primary case (case
1) had onsat of illness on 2 Sep 2008. An additional 3 secondary
cases (case 2. 3 and 4) and 1 tertiary case (case 5) have been .
confirmed to have an uranawms infection by laboratory testing, Case

" 5 {not previously reported) is a nurse who cared for case 2 from 27
Sep 2008 to 2 Oct 2008. She became ill on 9 Oct 2008 and is currently
critical but stable. Cases 1, 2, 3 and 4 did not survive infection.

Infaction with an Otd World arenavirus has been confirmed in all §

cases by positive PCR results and virus isolation by SPUNICD/ NHLS
and CBC. Analysis of sequencing data gener'ated at SPU-NICD/NHLS,
Columbia University, New York, and CDC, Atlanta, appears to indicats’
that the current outbreak is caused by a unique Old Woﬂd'a’renav?ms.

There ars currently no additional suspected cases. The outbreak
appears to be contained and has been donfined to- indivi&ua!s with ..
very close contact ina health-caré setting. Moriitoring of contacts
_active case finding-and i ition and nt of cted -
cases are continuing. Further characterization of- the causative agert
is under way, as is |nvost|gahon into the sotrcé of mfecuon in the .
pnmary case.

. =Mod.CP]

‘[see also: ’ :
- Undiagnosed fatalmes - 8. Afm:l ex Zambla (09) arenavirus 20081015 3300

.. Undiagnosed fatalities — S, Africa ex Zambia (08): arenavirus' 20081013.32411 ' o

“Undiagnosed fatalities — . Africa ex'Zambia (07): arenavirus- 20081012.3234
Undlagnosed fatilities = South Africa ex. Zambla (08) WHO 20081010,3211
i Undiagnosed" fatalitios — South.Africa ex Zambis (05) 20081008.3192 -
Undiagnosed fatalities ~ South Africa.ex Zsmbia (04) 20081008.3188
Undiagnosed fatalities ~ South Africa ex Zambia (03} 20081007,3178
Undiagnosed fatalities ~ South Africa ox Zambia (02) 20081008.3157 .
Undiagnosed fatalities — South. Africa ex szbia RFI 2908100§ ;];9] .
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ProMED-mail makes every effort to verify thie reports that

are posted, but the accuracy and completeness of the

.information, and of any statements or opinions based

" theréon, are not guarantsed The reader assumes all risks in

- using information pasted or. lrvhuved by ProMED-=mail.. XSI[_)
"‘and its sssociated servlce providers shalt-not be held

" tesponsible for ervors or omissions or held liable for any-

damages incurred as a result of use oF reliance upon posted -

or archived mat?)rial. i o

Become a ProMED-mail Premium  Subscriber at.
<http://wwrwe. isid, org/ProMEDMail Premium. shtm|)

Visit ProMED-mail's web site’at <httpi//vrww., pramedmall ofg)
Send all items for _posting to: promed@promedmail.org

(NOT to an individual-moderator).” if you do not give your

full name and -affiliation, it may not be posted. Send
commands to subscribe/unsubscribe, get - archives, help, '
etc. to: majordomo@promedmail.org.  For assistance from a
human being send mail to: owner-promed@promedmail.org.
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ABCNewsIetter - -9- October 17,2008

“WNV Case in Italy is First There in Many Years

Two human cases of West Nile Virus (WNV) enceﬁha\itis have been reported in Italy in the last month,
the first human cases in that country in many years.

On Septémber 20, the laboratory of the Regional Reférencg: Center for Microbiological Emergencies in
Bologna, Italy, reported the detection of specific IgM and 1gG antibodies against WNV in the serum ofa

female patient in her‘8Qs'who~lives ina rural area between Ferrara and Bologna.

Six confirmed cases of WNV-disease in horses have recently been reported inthis area, and 13 birds (six
crows and seven magpi‘es)‘ha‘v'e*been identified as positive for WNYV. Subsequently, an active surveillance
program.for possible haman cases of WNV meningoencephalitis began. ' '
Nucleic acid amplification testing has been introduced for blood-douor screeaing in the
provinces of Bologna-and Ferrara. The Italian National Blood Center also has instructed
all blood centers to defer for 28 days donors who have been. for at least one night in the

subject areas.”

No Travel Reported: The patienthad fever and repeat vomiting episodes on September 5. A first diagno-

sis of suspected urinary:fract infégtion was made and the patient was.given medication, but the symptoms

remained and the patient 'w'as-nghitted to an Imola hospital on Sép}e_}nbet;il9'with high fever, vomiting, .
impaired conséioustiess; did hallacinations. The patient’ went; into “convulsions in the emergency room.
" She has regained coriscipusness and has almost completely recoveted; though she remains hospitalized as

i for) WNV-specific antibodies using an erizyme-linked immuno-sorbent assay,:
J infection. WNW-specific antibodigs-wete furthier; confirmed bysadditional
ples. The samples. were tested- for Japanese encephalitisivirus (JEV) and
 tick-borne encephalitis: vigus! (TBEV). “Results clearly demonstrated- that. fhéjantibgdy response was
matnly directed;against: WNV, thys corroborating .the hypothesis of & WNV. neurginvasive infection,”
according to the:Ewrosigveillance Report (10/9/08). s B :

which 'indibated
serological tests’on

The patient’s relatiw‘/,es".tcp'orth that she had not traveled outside the: smiall village where she has lived. for
the past two years. Th¢ patient’s home is located within a few Kilemeters from a-large swamp that'is home
to a sizeable population of different bird species and is infested; by mosquitoes (both Culex and Aedes

albopictus). .

A second human case:of WNV.neuroinvasive discase was identified in Bologna-on October.3 ~ a man in
his late 60s who lived'in the province of Ferrara where WNVipositive horses and birds have recently beea
identified. The patientisuffered from symptomis of acute'meniﬁgocncephali_ti‘sv with high fever. Serum and’
cerebrospinal fluid’samples ot this patient have tested positive. for 1gG and IgM antibodies against WNV
and two different RT-PCK performed on the serum were positive; though confirmatéry laboratory testing
was still pending. . . N o o ’ N

WNV has been reported-in Europe, the Middle East, Africa, India, parts of Asia, and Australia. Human
WNV discase has beén reportedsin the Mediterranean Basin: in Algeria in 1994, Morocco in 1996, Tuni-
sia in 1997 and 2003; Romania-iti 1996 through.2000, the Czech Republic in 1997, Israel in 1999 and
2000, Russia in 1999 through: 2001, and France in 2003. Enzootics involving horses were. reparted in
Morocco in 1996 and 2003, Italy-in 1998, Israel in 2000, and southern France in 2000, 2003, and 2004.

Sources: Eurosurveillance Report, 10/9/08; European Commission response 10 European Blood Alliance

query, 10/6/08) &
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A novel mutation
{c.64_65delGGinsAACC
[p.G21{sX86)) in the GTP
cyclohydrolase 1 gene that
causes Segawa disease

DYT5 dystonia (Segawa disease) is an
autosomal-dominant inherited progressive
dystonia that is evoked by mutations/dele-
tions of the GTP cyclohydrolase 1 (GCH1)
gene,"* which codes for the ratelimiting
enzyme of tetrahydrobiopterin (BH;) synth-
esis. Segawa disease is a rare disorder with
an estimated prevalence of 0.5 per million:
We report a clinical course caused by a'novel
‘mutation of the GCHf gene in 2 25-year-old
Caucasian female presenting in our out-.
patient clinic. The patient was born to
healthy parents with no history or signs of
neurological diseases. She described ‘the

. development of a gait disturbance beginning *
‘at the age of 5 years. She was increasingly .

unable to walk at her soles, but‘was only

walking at the outer edges of her feet (redes.
| equinovarus), causing a ImODSLrous: callus,
“-. within years. The feet cramped after only at

feiw steps, which was relieved after some

turbance was initially classified as a psycho-
genic  disorder. The patient ~was then.
introduced to our movement disorder out-

. jpatient clinic just before an operation of the
on. -

feet abnormalities. Clinical’. examin
showed focal crampi of both' feet! with
televant relief only by inactiviry. The-Feer *
were severely adducted and suppinated.
Neurophysiological examinations, including
somatosensory and magneticevoked poten-
tials, were normal. A magnetic resonance
imaging scan of the cervical and thoracic
spine revealed only a short hydromyelia
with no signs of inflammation ‘or neo-
plasma. Analyses of the biogenic amines
and pterins ‘in the cerebrospinal fluid,

© according to the methods of Curtius and
" Hyland,"* revealed highly decreased dopa-

ntine (homovanillic acid 48 nmol/l; normal

* values: 115-455) and serotonine metabolites
(5-hydroxyindoleacetic acid 20 nmol/l; nor-. -

mal values: 51-204). Similarly, all pterines
were markedly reduced . (tetrahydrobiop-

 terin: below detection level [normdl value:

18-53 nmol/l]; .total meopterin:. 6 nmol/t:

" {normal value: 10-31]). Folate raetabolices s

were normal. To confirm the diagnosis i
Segawa disease, GTP-cyleohydrolase -

(GTPCH) enzyme activity was determined” -

in skin fibroblasts according to Bonafé et al.,*
-which- showed only 34% activity (0.99 wU/ |
mg protein) compared with healthy controls

.. (reference value: 2.6+0.53 nU/ing protein).

Treatment with low doses of levodopa was
capable of resolving the symptoms comple-
"“tely. Sequencing of exons:1-6 of the GCH1"
genie revealed a heterozygous deletion of two
guanines at positions 64 and 65 and an
insertion of 4 bases (AACC; fig 1), leading to,

J Neurol Neurasurg Psychiatry February 2008 Vol 78 No 2

2 frameshift from ‘amino acid 21 and

subsequent termination of the protein after

. amino acid 66 within exon 1 (c.-

64_65delGGinsAACC {p.G21£sX66}).

Multiplex ligation-dependent probe amplifi-

cation (MRC, Amsterdam, The

Netherlands) of the whole GCHY did not

detect any Further deletions. The clinically

unaffected parents did not show any muta-

tion in the CCH1 gene (fig 1), confirming

that the mutation in the patients.fepresents

a de novo ‘mutation. ‘This novel combined

deletion-insertion mutation leading to pro-
tein truncation .within exon 1 has not been

reported before,.despite up 1o more than 100
abnormalities of the GCH{ gene being:
reported—including exon’  (start point
change, missense, nonsense and frameshift
mutations) and intron-mutations, and dele-
‘tions. ’
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\Wild type ffather}
AGCAATGGGTTCCCCTS
B 62 67 72

AL

c. 6465DelGGInsAACC
AGCAATGNNNNNXNRTCCN
62 67 72

57

. Wild type {mother). - -
AGCAKT GG GTTCC cCCG
7. 62 o e 67T

Figure 1~ Genomic sequences of the index
patient {middte-paniel) and both parents.{father:
upper panel; mather: lower panel), revealing a

. heterozygous. deletion ‘of two.guanines at"
positions 64 and 65 and an insertion of the four

vases. AAGC in the index patients; but wild-type -

sequences in“both:parents. The sequence
abnormaities lead to a.frame shift from amino
-acid 21'and subsequent termination of the
protein after anvirio acid 66 within exon 1.
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latrogenic Creutzfeldt-Jakob
disease 22 years after hurnan

-and radiological features
Creutzfeldt-Jakob disease (CJD) is a human

~transtnissible spongiform encephalopathy or 7

prion disease. Although CJD is most fre-

" quently sporadic, numerous acquired ot

iatrogenic CJD (iCJD) cases have beer

. reported, about half of which are attributa-

ble to prion-contaminated human growth .’
hormone (hGH) preparations.” Cadaveric
hGH was provided by public and commer-
cial sources up to 1985, when recombinant
GH became avaiiable: [ncubation periods of

hGH-iCJD peak at a median of 12 (range 5~ * '

30) years after éxposure.””

We report the first Austrian case of hGH-
associated autopsy-proven iCJD and discuss
clinical features and serial magnetic reso-
nance imaging (MRI) findings.

CASE REPORT

Clinical history
A 39-year-old man presented with right-
. sided clumsiness and dysaesthesia, which
had started in -his leg 3 weeks prior to

- admission and had spread to his right arm.

No impairment of cognitive function and no
involuntary movements were present. There
was no family history of neurological
disease, The, patient had been heafthy until
the age of 11 years, when progressive obesity
and growth impairment had been noticed
and a diagnosis of Cushing syndrome had
_been made. The patient moved to Austria at
the age of 15 years (1982) and was subse-
quently diagnosed with a hormone-produ-
cing pituitary adenoma, which was removed
- by transsphenoidal hypophysectomy. The

frontal skull base defect was covered with
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autologous connective tissue (fascia lata).
Due to persistent Cushing syndrome symp-
tomns, bilateral adrenalectomy was per-
formed. To promote body growth (height
<3 percentile), he received commercially
manufactured cadaveric hGH (Crescormon”,
Kabi Pharma, now discontinued) from
September 1984 (2 U M three times per
week, which was later reduced to 2 [U IM
twice a week). The treaument was contin-
ued until November 1985 and resulted in an
increase of body height of 13.5 cm.

In 2003, a recurrency of the pituitary
adenoma causing Cushing symptoms was
diagnosed and transsphenoidal resection was
performed, again with an autologous fascia
lata graft.

On admission, the patient’s neurclogical
exam showed coarse bilateral gaze nystag-
mus, vertical gaze palsy and mild right-sided
hemiparesis. Tendon reflexes in both lower
extremities were exaggerated, whereas pyt-
amidal signs were negative. Gait was para-
spastic, with a deviation tendency to the
right, but unaided watking was still possible.
Cerebellar tests revealed bilateral ataxia in
the upper and lower limbs and dysdiadocho-
kinesia of both hands. Testing for infectious,
parainfectious, as ~well as neoplastic or
paraneoplastic neurological - diseases, - was
negative, as was metabolic screening,

Serial cerebral MRI was performed in
months 1, 2 and 3 (g 1)
Electroencephalographic recordings (EEGs)

"in months 1 and 2 showed diffuse slowing
with generalized” delta activity and inter-
mittent rhythmic deita-theta runs with a
right fronta-central accentuation. EEG 'in

month 3 revealed further slowing and some

non-periodic bilateral sharp/slow wave com-
plexes.

. Cerebrospinal-fluid (CSF) examinations. in:
week 1-and week 6 after admission. exhibited
divergent results. In the first sample; 14.3-3
protein was ‘undetectable; protein content,
as well as. cytology, were normal:‘In the
second CSF sample, a strong signal-in the

. molecular weight range of the 14-3-3 protein
was detected.

Neuropsychological examination 3 weeks :

after admission. showed. reduction-of. atten-
tive functions, whereas memory: was unimv:
paired. Over 3 months of -hospitalization;
the patients condition rapidly deteriorated:
Myoclonus of botly arms and legs emerged;
‘the patient becarne bedridden after-about

6 weeks. Speech was increasingly dysarthric, -

and severe dysphagia ensued. Hypostatic
. pneumonia required antibiotic " treatment.

Dcspite_intensive.physiorhempy and speech .

therapy, the patient’s condition continued
to warsen. The patient died after an overall
disease course of 4 months.

Neuropathology

Histology showed the characteristic triad of
spongiform change, neuronal loss and gliosis.
Immunohistochemistry revealed characteris-
tic prion protein deposits in cerebral and
cerebellar cortices, confirming the diagnosis of
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CJD. Due to the recognised iatrogenic risk
(hGH), the disease was classified as definite
iCJD according to World Health Organization
(WHO) criteria.' Western-blot analysis of
proteinase K restistant PrP was not performed
due to lack of adequate material.

Genetic analysis

Sequencing of the entire coding region of the
prion protein gene (PRNP) performed after
isolation of genomic DNA from peripheral
blood showed no known mutations. The
patient was methionine homozygous at
codon 129 of the PRNP.

DISCUSSION

This case of definite iatrogenic CJD 22 years
after hGH medication exhibits several note-
worthy features.

MRI studies 1, 2 and 3 months after
manifestation of disease revealed early bilat-
eral cortical involvement of the mesial
frontal lobes. Diffusion-weighted imaging
(DWI) hyperintensities progressed to adja-
cent cortical areas and to the striatum, in
line with clinical deterioration (fig-1). DWI
has been recommended as the most sensitive
test for early diagnosis of CJD," but is not
suggestive of a. specific' form' of disease.
HCH-ICJD cases have exhibited DWI

hyperintensities mainly in the basal ganglia.
Cerebetlar malfunction is one of the most
common early signs of iCJD after hGH
treatment' and was one of the main clinical
disturbances at disease onset in our patient.
However, no corresponding MRI abnormal-
ities were detected in the cerebellum. To our
knowledge, no other hGH-CJD case has
been documented with early frontomesial
DWI changes and progressive bilateral stri-
ate hyperintensities.

CSF 14-3-3 protein was negative on first
testing and turned positive 4 weeks later. OF
interest, DWI changes preceded CSF 14-3-3
protein conversion by weeks and had spread
from the cortical distribution shown in
figure 1A/B to a striatal DWI pattem that
is commonly associated with sporadic CID
(fig 1B). It has been speculated that these.
changes on serial imaging indicate spongi-
form degeneration, but that the neurons are
still viable in the early disease stages, and
that a subsequent DWI pseudonormaliza-
tion is related to progressive cell death.

The clinical presentation, with paraspastic
gait as one of the first striking features, aiso
requires attention. This correlates well with
the imaging findings and represents a
bilateral parietal edge syndrome—that is,
first motoneuron dysfunction in the leg.
areas of both precentral gyri.

Figure 1 Magnetic resonance imaging, {MRI} 1 month (panels A and B), 2 months (C, D} and

3 manths (£, F} after onset. Difjusion weighted imaging (OWI) ! month after onset revealed
bilateral frontomesial hyperintensities {A), and moderate DWI signal increases in the medial portion
of both caudate heads (B). Two months after onset, the bifrontal hyperintensities showed slight
enlargement {C), and DWI signals were elevated in both caudate heads, the adjacent putamina and
insular cortices (D). On follow-up MRI 1 month later, there was increased OW} signal in the
frontomesial and frontopalar cortex (E.F) and marked DW1 hyperintensity in both caudate heads,
both putamina with accentuation in their rostral parts, and both insular ribbons (F). ADC maps and
FLAIR images were inconspicuous (data not shown).
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Occurrence of CJ]D 22 years after hGH
administration is in line with the peak risk
approximately 20 years after exposure cal-
culated from a large hCH-iC]D series in the
UK,? whereas the mean incubation period in
French hGH recipients was considerably
shorter at 9-10 years." Differences of infec-
tivity in hormone lots have been suggested
as an explanation for this finding.

Some unusual circumstances and clinical
features also deserve comment. Fisst, iCJD
associated with hGH has, so far, only been
reported after administration of non-com-
mercial hormone. The reports available,”
however, have excluded patients treated
with commercially prepared hormone;
hence, there are insufficient data on the
CJD rate in these. patients.’-* Second, the
administration period of hGH and disease
duration were bath short for iCJD patients
even though comparable cases have been
reported in previous literature.?’

In summary, this is the frsc C[D case
from Austria in a patient having received
hGH and only the third iatrogenic case
detected in this country. The" recognised
iatrogenic risk (cadaveric hGH 22 years
before onset) and the neuropathological
confirmation of CJD meet the WHO criteria
for definite iC]D, although the, possibility of
a sporadic methionine-homocygous.juvenile
CJD case without causal relation to hGH
treatment cannot be definitely ruled out.
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APPENDIX

"The tru(al fix;d brain weight  was 1408 g.

Macroscopically, moderate diffuse cesebral and cerebel-

- tar atrophy was observed, tn addition, there were signs

of diffuse oedema. On coronal sections, the cortical
ribben of the insular and parietal cortices was narrowed.
Mistology showed characteristic spongiform  change,
moderate neuronal loss and gliosis in cerebral cortex
and basal gangia {see Supplementary figure}, The

" cerebellar cortex was severély affected with marked

spangiform change of the molecular layer and neuronal
foss of the granule cell layer {ses Supplementary figure).

_The Purkinje cells and brain stem nuclet were

ively better p d. Y
using tha antibody 12F10 (Cayman, Ann Arbor, Michigan,
USA] revealed strong pathological prion protein (PrP)
deposits-in cerebral and cerebellar cortices: and basal
ganglia in & diffuse synaptic pattem (see Supplementary
figure). In the brain stem nuclei, only discrate PrP=
deposits were demonstrable. There wers no PP«

‘plaques neithef in the cerebelium nof in- the cerebral

cortex or white matter. These features confirmed the

‘scognised: iatrogenic risk- {dls “10. i
hdmode), - the; disease wi

Skin reactions after. intramuscular:

injection of Botulinum toxin:A: a-

rare: side-effect

- The usc,ovactulinum toxih_‘-(BTX) has been

constantly increasing over the past years,
‘not least on account of obtaining the-license
for the .treatment: of facial: lines: “It--hag

" proven'a safe drug with only & few adversc:
effects. Local. irritations at-the injection’site
are not uncommon, wheréas:more: wides’

. spread:and- generalised’ exanthemas - were

. first described in 1992.' One.diamatic. case.

.documents.-a -Jethal outcofne due to treat-

‘. ment . with-a mixture of BOTOX™{BFX-A)

and lidocaine.? 14 accordance with databases

'!"from the:companies Allergan and-Ipsen (SEC
-~ BOTOX', 'Alergan, December: 2005; SPC;
" DYSPORT®, Ipsen Pharma, April 2006); skin

reactions seem to be a rare phenomenon
with a frequency of less than 1:1,000. The
Ipsen database (January 2007) mentions N
cases of local and 4 cases of more widespread
redness, bulging and pruritus in Germany, as
well as 11 cases abroad. Here, we report on

“two furcther cases.of rapid-onset skin reac-

tions after injection of two different BTX-A
products.
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diagnosis of CreutzfeldiJakob disease (CJD). Due. to.the-
af: growth:

CASE 1

A 49-year-old woman developed a feft-sided
spastic hemiparesis after cavernoma exstir-
pation in 1997, Successful treatment of the
spastic arm muscles was carried out with
BOTOX® for about 5 years and with
DYSPORT" for the last 4 years. She did
not receive any other medication. Injection
intervals ranged from 3 to 9 months. During
the treatment session in April 2006, we
applied a total dose of 1,000 Units
DYSPORT' (250 MU into the left biceps
muscle, 250 MU into the left fexor pollicis
longus and extensor carpi radialis muscles,
500 MU into the lefc flexor digitorum super-
ficialis muscle). Within 6 hours after intra-
muscular injection of BTX-A, a segmental or
“pseudosegmental” fine-spotted pruriginous
exanthema emerged in the region of the
entire left shoulder, arm and left breast.
Fever or other additional symptoms did not
occur. Allergological tests, such as prick
tests, and an intracutaneous test were
normal. Treatment with DYSPORT" was
repeated 3 months later with a dose reduc-
tion of 50% without any adverse effects. At
a later wvisit, she received 1,000 Units
DYSPORTS, which was well tolerated.

CASE 2

A 63-year-old man presented” with right-
sided limb spasticity due to a stroke 7 years
ago. The patient received 3 stable medica-
tion consisting of gabapentine, tramadole,
tetrazepam, - clopidogrel and atorvastatin.
From 2003, he was successfully treated with
injections of 900-1,100 Units DYSPORT" at
regular intervals of 3 months. In 2006, the
therapy was changed to BOTOX". Within

Figure 1 Photograph of the skin reaction as
described in Case 2 about 1.hour after injection
into the right brachial muscle. Informed consent
was obtained for pubtication of this {igure.
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sia can develop, with an abscnce of circulating reticulocytes
and giant pronormoblasts in the bone marrow, without matur-
ing normoblasts. Hydrops feralis from transplacental infecdon
and usually eransitory hemnophagocytic syndrome are other
clinical disorders caused by B19 [3].

Parvovirus B19 transmission by blood products and
plasma derivates, such as albumin, clotting factor concen-
trates, and intravenous immunoglobulin (TVIG) has been
rcpétcdly demonstrated [4), Transmissibility in coagulation
products has occurred among patients who received heat-
treated, pastcur_iu:d, monoclonally purified and solvent-
detergent-treated concentrates {5]). Infection with B19 due
to transfusion with cellular blood products is a rare event,
but it hias been reported twice with red blood cells and once
with platelets (6-8]. We report a casc of a:myasthenic patient
with pure red cell aplasia ductoa parvovirus B19 infection.

CLINICAL CASE DESCRIPTION -

In 1997, a 29-yeac-old woman complained of intermit-
tent speaking difficulry (dysarthria). In April 1998, 10
days before the full-term delivery of her sccond healthy
baby, more severe symproms appeared, such as facial nerve
and oro-pharyngeal deficit and weakness of the arms and
legs. Ten days after delivery, the paticnt was admitted to 2
hospital for a typical myasthenic crisis with severc weak-
ening of respiratory muscles, requiring a respirator o
assist ventilation. Treatment was started with 4 consecu-
‘tive plasma exchanges and administration of corticos-
teroids and cholinesterase inhibitors {pyridostigmine bro-
mide) with marked clinical improvement. In August
1998, the patient withdrew from medical therapy, which

led 16 2 worsening.of symptoms and a new hospitalization
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in a different institution. There she was treated with
thcmpcuﬁc plasma exchanges using albumin as replace-
ment fluid. Medical treatment was started again. Oa
August 31, she had a decp vein thrombosis, treated with
IV heparin. On Seprember 3, she was admirted to the
Neurology Department of our hospiral. Ar admission, the
patient had normochromic-normocytic anemia (hemoglo-
bin [Hgb), 97 g/L), with normal platelet and white blood
cell counts. )

Two weeks later, ancinia worsened and was dssociated
with thrombocytopenia (Hgb, 81 g/L; platelets, 57 X 10%/L)
(Figure 1). Schistocytes were absent. A diagnosis of heparin-
induced thrombotytopenia was made. Heparin wpering was
started, and the platelet count improved. A few days later,

. since ancmia was still severe (Hgb, 80 g/L) and of an aregen-

crative type with an absence of reticulocytes, a bone marrow
aspirate was performed. This shiowed many moderate hiyper-
cellular marrow particles and-an increased number of mega-
karyocytes. An erythroid series was markedly hypoplastic
with complete marutative artest. The only visible erythroid
precursors were giant pronormoblasts with vacuolated deep

. basophilic cytoplasin, sometimes grouped in dusters simulat-

ing metastatc cells (Figures 2 and 3). Ancmia with severe

" reticulocytopenia and morphology of bone marrow sug-

gested a diagnosis of pure erythroblastopenia due to par-
vovirus B19 infecton, which was confirmed by positive tess
for IgM and IgG anti-B19 virus: Increased megakaryocytes

tended to confirm that thrombocytopenia was heparin:. -

indiiced. The patient was treated with immune globulin (0.4
g/kg For 4 days). Reticulocyrosis appeared on Seprember 30
(202 % 10°/L; normal values, 30-90 X 10°/L). Anemia recov-
ered slowly (Hgb, 92 g/L at discharge), and thrombocytope-
nia completely regressed. The patient was admitted again to

150 Diagnosis of B19 Infection I 120
300 } - L100
2 250 05
' 2001 §
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& 100 1VIG therapy T404Q
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0! : +0
-September 4 October 12

FIGURE 1. Hcmzlologia} values and dlinical course of the patient from admission (September 4, 1998) o d@_ﬁdugc SOC{obcr. 12 1998).
Triangle indicates platclet coung square, hemoglobin concentradion, ;
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HGURE 2. Basophili giant p blasc with pseudogodi

ot "dog ears.”

the hospital in May 1999 for surgical tesection of a thy-
mornia. At thar time, her full blood count was normal, IgM
anti-B19 was negative, and IgG and-B19 was still positive.

DISCUSSION

We described a case of pure red cell aplasia caused by par-
vovirus B19 in a paticat with myasthenia gravis ueated wich
plasma exchanges using albumin, corticosteroids, and
cholinésterase inhibitors. ’

Parvovirus B19 has 2 particular uop.ism for erythroid p‘ro-

" genitors. The cellular recepror for B19 is erythrocyte P anti-

gen, a globoside that consists of a'long-chain- fatty acid on a

ceramide back-bone structure with 4 sugar residues ending

with terminal N-acery] galactosamine. The P antigen is 2
common.crythrocytc and erythroblast antigen, and it is
cxprcsscd in almost all subjects. People-who Jack the P antigen

are resistant to infection {1). In this case, the patient had Py -

ph;'nor'ypc, which is the most common phenotype among
Caucasians (79%) and Africans (94%). P; phenotype is more

common among Asian people, such as Cambodians and Vier-
namese. {9). . . '

P antigen is also expressed-‘on megakaryocytes, endothe- -

lial cells, synovium, villous trophoblast celis of placental .tis-
Sues, fcfal liver, and heart cells..B19 infection may. also_be
responsible for Lhrombocytopgnia_, and megakaryocytes may

be lysed by restricted; expression of viral proteins in thé
_ absence of viral propagation [10]. In this case,. thrombocy-

topenia was heparin-induced, confirmed: by an-increase of

the pcrip}.\cral platelet count when heparin tapering was
. started (Figure 1) Heparin-induced [hromb'o{:yfopcnia is

more’often. reported after orthopedic, cardiac, of vasculat
surgery; but it may develop in any patient exposed to
unfractionated heparin or low molecular weight heparin

. [11]. Furchermore, the patient’s boric marrow shawed
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* pase:3, caspase-G, and ‘caspasc-8 in a cellularmodel {12,13)

_ FIGURE 3. A cluster of pronormoblasts with maturative arrest.

increased megakaryocytes, which tended to confirm thac
thrombocytopenia was heparin induced.

After binding with P-antigen, the virus enters the targeced
cells, probably because of the VP1 phospholipase activity, and
starts to synthesize viral components. It has been demon-
strated chat B19 is a potent inhibitor of erythroid cell diffec-
entiation, and it is cytotoxic-for erythroid precursors. It acts
by ‘inducing apoprosis through the-activation of the caspasc
pathway or direct lytic-cffect on erythroid cells. Apoprosis is
roediated by NS1 expression, which induces activation of cas-

The virus is also’ responsible for 3 cyropathic cffect on
cells causing a maturative-arrest in, the crythroid cell line, In
smears from bone marrow aspirate, the pathognomonic cell
for B19 infection is the giant proerythroblast, which is a
large cell, from 25.10 32 Um in diamerer, with 2 high
nucleo-cytoplasmic ratio; the nucléus is round and it has z
fine and uncondensed chromatin pattera with irregular,
indistinct pucple-colored inclusions. A giant procrythroblast
has a dark blue vacuolated eytoplasm with small broad-
based cytoplasmic pseudopodia, named “dog-car” projec-

tions. Sometimes they are grouped in clusters simulating

metastatic cells [14].-As shown in Figures 2 and 3, the
‘patient’s bonc»marr'ow was characterized by the. presence of
large numbers of these immaturé erythroid cells. This
accounts for anemia with severe reticulocytopenia; some-
times requiring red blood cell transfusions.

In patients with ‘chronic hemolyrjc disorders, such as

.. sickle cell diseasc and spherocytosis, B19 may cause transient

aplastic crisis characterized by aregencrative acute ancmia,
sometimes associated with pancytopenia. Persiscing B19
infection can occur in 2 wide variery of conditions, including
congenital immunodcficiencies, HIV infection, lymphopro-
liferative disorders, and transplantation. In these cases,
paticats may have chronic pure red cell aplasia and morc



rarely pancytopenia [15). In pregnant women, pzrvovxrus
B19 may be transmirted to the fetus and may lead to miscar-
tiage or hydrops fetalis {16).

Although the presence of giant proerythroblasts is sug-
gestive of B19 infection, the diagnosis should be made by
serological detection of antibodies or molccular detection
of viral components. Serological determination of antibod-
ies may be performed by enzyme-linked immunosorbent

assays that are able to identify IgM and IgG ancibodies. .

IgM antibodies remain detectable for 2 or 3 months follow-
ing the infection, as opposed to IgG antibodies which
appear 2 weeks after the infection burt persist for life.
Immunocompromised patients sometimes are not able to
produce IgM, and in these cases molecular tests, such as
direct hybridizacion and gcnc-amphﬁcanon methods, may
. be helpful to confirm a clinical suspicion [2].For our
- patient, tests gave positive results for IgG and IgM at the
_time of the diagnosis. Some months later, because of a fur-

ther admission, her test results for IgM anti-B19 were nega-

tive, while those for IgG anti-B19 were still posmvc At
* that time, molecular tests were not performed. .

In children and immunocompetent adults, B19 infection
does not require any tredtment. In patients with immunodefi-
ciencies or pure red cell aplasia, trearment with IVIG may. be

-helpful and should be associated with discontinuing immuno-
suppressive drugs. Generally 2 5- or IO'day course of IVIG (0.4

g'kg of body weight) causes a rapid virus elimination mocutcd )

with reticulocytosis and elevation of Hgb concentration [17):
B19 may be transmitted by respiratory droplets, but sec-
- ondary inféction among households and nosocomial infec-
tion have been described [18,19). B19 transmission by blood

“products and derivates, such as IVIG {20], solvent-deter- -
gent—treated pooled plasma [21], and cloning factor concen-

tiates [5] has been repeatedly demonstrated, even after viral
inactivatiori methods.
Bl9isan cnvc]op:-frcc virus and (hercforc resistant to

-solvent-detergent treatment. This treatment is effective .

for clearance of HBV, HCV, and HIV, but it is not effec-
tive.for HAV and B19, boch of which lack the envelope.
B19 Tresistance to heat is controversial. The virus is rela-
tively heat stable (21}, but Bliimel et al [22] showed that

pasteurization for 10 hours at 60°C rapidly inactivates.

B19. Although human B19 DNA content does not
‘reflect infectivity; we cannot.exclude’ the ‘possibility that
blood derivates, such as albumin, clot factors, and
immune globulin may be infectious. In_6ur patient, we
could not confirm whether an albumin-derived irfection
combined with™ concomitant immunocompromiscd
condition due to. myasthenia and immunosuppressive
teeatment was responsible For the discase. Blood compo-
nent B19 infection is still an untesolved problem. Many

strategies such as new methods for vital inactivation'and .
dxscardlng positive-B19 units [23- 25] may help to

increase blood product safety.
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Monkey Malaria

in a European
Traveler Returning
from Malaysm

Anu Kantele, Hanspeter Marti, Ingrid Felger,
Danta Miiller;-and T. Sakari.Jokiranta

In 2007, a Finnish traveler was infected.in Peninsular
Malaysia with Plasmodium knowlesl, a. parasite that usually
causes malaria in monkeys. P. knowlesi has established it- -
self as the fifth Plasmodium species that can cause human
malafia. The disease Is:potentially life-threatening in hu-
mans; clinicians and laboratory persannel should become

. “more aware of this pathogen in-travelers, -

raditionally, only 4 Pla.smadmm :species have been
known to cause malaria in- humans P falciparum, P.
vrvax, P. ovale, and-P. malariae, although >26 Plasmodi-

“um species are known g circulate among primate popula-

tions (7). Some: of thcsc species’ have been- lmphcated in
symptomauc human malarxa affer: expenmcntal or acciden-
tat infection @) Only a-few TEports of naturally acquired
monkey malari humans are; currently available (7,3-9).
The lack of da ‘be becausc light mlcroscopy has been
izsed as the sole diagnostic miethod and an atyplcal Plasmo:

" dium species may have bccn mlsndcntlﬁcd as'one of the 4

‘traditional Plasnioditin’ specms causing human malaria.

P. knowlesivas first descnbcd in'1931 in.along-tailed
macaque imported from Singapore to India; in 1932, P.
knowlesi was expcnmemally 'shown' to be infectious to

- humans (10) The ﬁrst ‘atural infection of P. knowlesi in-.

humans was rcponed in 1965-in o man returning.to the

_ United States after a visit to I’cnmsula.r Malaysia (/7). Sub-

sequently, il 1971, there was a report-of a presumed natu-
- tal infection in a citizen of Malaysia (6). Despite extensive
studies in Malaysxa ini the 1960s (2),-no other reports were
published on naturally acquired P. knawle:l infections in
humans until 2004, when Singh et al. ‘studied PCR-negative

Lo P imalariae cases in the Kapit division in Sarawak, Malay-
csia{3). A different PCR analysis-showed that P, Icnawle:l.
caused 58% of the 208 malaria casés sludlcd Further cases
reponed from Chlna (4) ThallanJ(f) I’hlhppmcs @), and .

iy doxycvcllnc for a total 'of 10 days.
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Singapore (/2) show that 7. knowlesi infections in humans
are not found exclusively in Malaysia. Recently, Cox-Singh

et al. reported that P. knowlesi is widely distributed among

inhabitants of Malaysia (7).

The Study

A 53-year-old Finnish man was admitted to a local
hospital in Finland in March 2007 with fever after 4 weeks
of travel in. Peninsular Malaysia, He had not taken any an-
timalarial prophylaxis. ln Malaysia, he sperit 2 weeks in
Kuala Lumpur and made a few day trips to surrounding ru-
ral arcas. Thereafter, he traveled by car to the northwestern
coast and stayed for § days in the jungle =80 ko south of
Ipoh. While in this arca, he slept in'a house without mos-
quito screens or nets and did not use any repellents;he did
not report any mosquito bites. The last woek of his travel
was spent in the Langkawi Beach area where he stayed at
a lngh-quahty hotel.-During his trip he occasionally had
some minor abdominal problems, but these symptomis sub-
sided spontaneously afler his return to Finland. High fe-
ver (38 8:C axtllury temperature) occurred 3 days afler his
retom’ to Finland but abated quickly. On thefourth day,

. the fever rétumed and he sought .medical care at‘a local

hospllal Laboratory. tests showed the followmg results:
C-reattive protein:2.0:mg/dL (normaj range™<I, ‘mg/dL), -
hermoglobin 15.2 g/dL (normal range 13.4-16.7 _dL), leu-
kocyte count 2.6 x 10%/L (norfinal range 3. 48 2% 10%L),
and thrombocytes 143. % 10°/L (noumial range 150—360 x
IO'/L) Blood smear was pasitive for Plagmodinm argan-
isms, and:the causative agent was identified dsiP. Jalci-
paruri wilh levels of parasnemla <1.0%. The patient was
admitted to the hospital and given intravenous (lV) quinine
dlhydrochlondc and oral doxycyclmc )
On day 2. of the patient’s hosgital stay, fcver rctumcd
and he was transtcrred to the Helsinki. University Central
- Hospital (Depar!ment of Infectious : Diseases at -Aurora
Haspital). Blood smears obtained therc howed Plasniodi-
wm parasites that were considered atyplcal and the labora-
‘tory reported suspicion of d co-infection (: falczpa: um and
P. malariae) (I‘lgurc) The IV quininc dihydrochioride was
replaced with oral quininc hydrochlorule -and.doxycycline
was continued. During treatment, Lhc patient. expcrienced
.an attack ‘of hypoglycemia (electrocardiogram. and blood
pressure was normal during this attack), trangient mild vi--
‘sual and heaung loss, and transient lymphopenia- (a low
.of 0.46.x LO%L). He received quinine hydrothondc and

“Because identification of the “Plasmodiun specics was
dlﬂlcull a blood sample was drawn for PCR analysis on
day 2of hospxtahzu(mn First, a nested PCR was performed
accorditig 10 a. standard pratocol svith rOval and LU

. primers (template DNA purified in Basel rom 200 pl. of
- erythrocytes by QlAamp DNA Mini Blood Kit (QIAGEN,
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Flgure, Microscopic findings in the thin blood smears-of a patient -
- with -Plasmadium knowlesi malaria. Early fing . forms ‘are shown -

in thé first row, later trophozoites in‘the ‘secorid -and:third rows;

Monkey. Malaria in Traveler

Helsinki, Finland) (/3,/4), but the reaction did not yield
any amplification product. Nested PCR was repeated with
an altemative primer pair (fPLUG and rPLU2) (/4) derived
[rom a conserved region of the 185 rRNA marker gene, and
an amplicon was obtained. Failure of PCR amplification has
been reported for some P. ovale isolates (75); therefore, a
P. ovale jnfection was suspected, and the patient was given
primaquine. phosphate for {4 days as an outpatient to eradi-
cate possible liver hypnozoites. The PCR product was sub-
jected to direct nucleotide sequencing (GenBank accession
no, FJ009511) and found to be identical to 2 P, knowlesi se-
quences previously submitted to GenBank, 1 human isolate
from Malaysian Bomeo (AY327556) and a Macaca -

latta isolate from Columbia (U72542). Six other published - -

P. knowlesi sequences differ from our sequence only by 1
nucleotide (99% identity). In contrast, a number of. differ-
ences were seen between.our sequence and the P. ovale

- sequences (15). The sequence from-our case showed only
50% identity to the ovale primer; thercfore, we concluded

that our paticnt was infécted with P. kngwlesi. During the

Alz-month follow-up pcnod the patient showed no sxgns of
relapse. )

Conclusions.

We suggest that P. quawle.w mfcctwn should be con:

sidered in.malaida patients who have a histéry of a travek.to
forested areas in Southedst Asia, especially if 7. malariae

- malaria is dmgnosed or atypical plasmodia are seetr, with

microscopy. The asexual stages .of various species of P.
knawlesi can easily-be misidentifiedas P. malariae in light
mlcroscoplc examination (Figure) (3,7,10). Because most

. labordtones dxagnose malaria by llgh( microscope

- casnly m(sdlagnosed as a less severe form of malana

trophozoites resembling band. farms in the fourth row, arid p
early gametocyles or schlzonls ih the fifth row Size of the infected
erythrocytes is normal. Antimalarial medications, given 8-hours
before the blood shown in.the:smear was drawn, could have
affected morphology. (Original magnification x1,000.)
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