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TRANSFUSTON GOMPLIGATIONS

Molecular and serologlc tracmg ofa tran,sfusmn transmltted
hepatltls A Vll‘uS

APeter,'Gowtand; S;efa_rm For;_taﬁa, C’Hristo_ﬁh Niederhauger, and Behrbizz Mansouri queghdni

~ BACKGROUND; The fransmission of hepaitis A virus:
(MAV) via bleod fransfusion has not been svidenced by -
molecular tracing sa far.

CASE REPORT: A 33:year-old asymptomatrc female vol-
unteer made a whole-biood donation. Thirteen days later
an acute HAV lnfechon was diagnosed. Ret:ospectwely,

a high viral.load was measyred by quantitative réverse

" transcription polymerase chain reaction (RT-PCR) in the .

. quarantine fresh-frozen plasma (1.4 x 10° geg/mL),
whereas lmmunoglobulm ™ (lgM) and G (IgGYigM ant|— B

.1 - HAV were not detectabls and the alanine-aminotrans-

- ferase levels not elévated. The red blood cells have just’

" been transtused on Day 14, The 63-year-old male recip-
jant, alraady was HAV seropositive. He did not develop
clinical symptoms of HAV and anti-HAV IgM was ‘not

_ detected Seventy-five days later, a 25-fold incraase in the

| anti-HAV IgGAgM titér was observed Demonstrable HAV
ribonucieic acid (RNA) in:the racnpusnt by means of RT-

- PCR on Day §, but not on Days 1 and 75, suggests that’
a transient réinfection did-oceur. Analyzed sequences of
‘the HAV RNA in the donor ‘and reciplent were Identical.
CONCLUS!ON For the flrsttlme transfusion-transmitted .
HAV was evidenced ty molecular and serologic trac:ng

- The transmitted HAV can survive .and replicate fora . -

limited period desplte the presence of anti-HAV IgG.

ABBREVIATION: NCBI = National Ceuter for Bzuteclmoiogy
Information; ’

¥rom the Blood Transfusion Service Berne, Swiss Red Cross; and
the Department of Hematology and Central Hematology
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epatitis A vitus (fJAV), the most common

primarily by the fecal-oral route. Viremia is

and decreasés during the icteric phase.'? The peak of viral

‘ load appears 1'to 3 weeks betore the maximum rise of
alamne ammotmnsfemsc (ALT) levels. Consequently,

although a rare occurrence, parenteral transmission of
HAV-via blood dona tion in the short time of viremia before
‘onset of symptoms is pos31b1e and has: been’ associated

© with transfusion of whole blood; frésh-frozen plasma
* (FEP), platelet concentrates, and red blood cells (RBCs)**
. (Table 1). However, to our knowledge this is the first report .

of tracing the transmission of the HAV from the donor to

. the recipient by meabs of molecular and serologlc

methods,
Neutrahzmg immunoglobulin M (Igh) antibodies to
 HAV appear during the icteric phase of infection dand chs-

.' appear between 2 and 6 months later. Dtumg the recovery

phase, the IgG antibody response emerges (mean titef,
. 15,000, U/L) and Ppersists hfelong (mostly >10 U/L).
" Because neither.a chronic HAV infectiori nor a relapse of

a fecal-oral-acquired HAV has been reported, the pres-.
" ence.of HAV antibodies are believed to confer a perma-

nent inmunily. The acquisition of a HAV rélapse or of a -

.chronic HAV infection in anti-HAV IgG-positive patients

- after transfusion of HAV-contaminated blood compo-

- nents,” by theoretically overwhelming the - immune
_ response of the recipient, has also never beeri-described.

The effect of parenteral transmission of HAV on the
immune response-of a HAV-imimunocompetent recipient

hds not been,adequ ately studied. In this report we present

the case ofa transfusion of a HAV-contarrmmted RBCcon-
centrate to a patient with anti-HAV IgG, The clinical

* éourse, anhbody response, and evidence of 1dent1ty of the .

virus in the donor and the recipient are shown.

'MATERIALS AND METHODS

 Serologic and en.zyméx_tic' procedures

ALT testinig. The measurement of ALT in Serum was

" determined using commetmal reagenls accordmg to the

Volume 44, November 2004 TRANSFUSION 1855
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cause.of acute viral hepatitis, is transmitted _

- not found in the first days after infection, but-
. appearsl to 2 weeks before the onset of cBmcal Symptoms
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TABLE 1. Transfusion-transmiﬂed HAV. conclse revlew of the Intaralure

Donor (D} . ‘Heciplant {R)" - .
. N i o Time* ' . “Time® - ] -
1 Relerence - Characteristics (days) - . Characteristics . (ddys). .~ - Components : Other particularities-
“Meyers etal.,. 26 D possibly.Jmplicated: . 22-37 - - 8 R: all BMTY, hepatilis, elevalad 'NA . - PLT# plasma  Transmission to R and other D vie PL- and -
1974'. © . hepaillis, slévated ALT; HAV . - : - ALT; HAV serology: NT ’ T - plasmapheresis using ah open system; enteral
" serology: NT . ' : R ransmission to other famlly and staff members;
. . o ’ ’ : - © HAVY serology: NT .
Seeberg st 1D hepaﬂlis, IgM+ 11 1-month-old child, no hepalitis, 28 -Whole blood - Transmission via blood exchange (hemolytlc disoase
al.. 1981¢ . Ight+ - - - of the newborn); enteral transmisslon to mother
' : R i . . o . , and staff membars (hepatitis, IgM+}
. Barbara et 1.D: hepamls IgM+, 8 months ~ . 1B - 1 Ri hepatitis; 8 mionths later 22 Whals blood - . ’ —
1 , 18825 - . latér IgiM— and IgG+ P [, : .
;Skldmore ‘ot ‘1 D: hepalltls, IgM¢ ' 15 1R hepatllls. IgM+ - 21 + Whole bloog —
- a, 1982° L T L " g ' ) - i :
Hollinger st * 1 D: death of fulminant hepatitis,”. - 7 10-ysar-old glrl hepalms. lgM+ . -3l RBC. ~ Corresponding FFP {fransfused in a chimpanzee:
al., 1983" -HAV detected in liver and FFP . ’ - - hepatitis, fecal HAV+ IgM+, incubation 23 days
Nobla. st al., 10 hepatitls, g+ 7. . ‘heonate H no symp!oms. NA RBC | ‘Enteral transmission to 2 furthar neonates and to
1984% - ) . out af 11 R IgM+ ) {amily and staff members
Sherertz et 1 D: hepatitis, IgM+ 9 1 out of 8 R: hepatitis, IgM+, NA - FFP 6 nsonate R received Immune serum globulin
al., 1984° oo . - . . prophylaxis -
Ishikawa et 1 D: hepatitis, elevated ALT, 10 1 FFP R: hapatitis, elevated 49 FFR,RBC 1 RBCR:IgG+, no hepalms, IgM-
- al, 184" g+ ’ ST ALT, IgM+ o . . )
 Azimi et al,, 10 hepaﬂlls gV -+ NA 2 5nfnn|s, no hepatitls, IgM+ h . NA RBC Enteral ransmission Irom one lnfant to molher and
1986™ ) - - . 15 nurses, all IgM+ .
Glacoia etal., 1D: hepatms. eleva(ed ALT, 6 5 In!ant R of RBC:alt asympromaﬂc; " P NA 1 RBC, 1.PLT R of RBC: enteral ransmission o 4 newboms,
1989" . . IgM y ‘ : + 4/6°1gM+, 2/8 IQG+. 1PLTA: - ’ . . {asymplomatic, 1gM+), and to famiiy and hospital
. elevated AT - - stalt members R of PLT: enteral transmission to
; o . c ’ : . . . - - pariner; asymptomalic, IgM+
Nigro et al., 1 D; hepatllls. g+ 14 '1 R: hepatitis, elevatpd ALT - ~13 CNA : ’ =
1990 . ‘ | and ASTS, loM+ - ’ :
. Lée ota),, 1D: hopaillis, elevated ALT and 16~ 3 neonates: 1 IgM+, 2.death NA. " FFP Entoral ransmisslon to mother (hepatitls, slevated
19027 - AST, lgM+ ' 12 days latar for olhar feasons.. o ‘ " AST and ALT, Igh«), father and 9 nurses
} ‘ ) (hepatitis, igM+) -
-Diwan etal, - 1D he‘paiflis, gM+ 18 1 RBC'R and 1 FFP R: etevatpd, 26 (REC) 1 RBC —
2003 ALT and AST, IgM+ . - <55 {FFP} . 1FFP

* “Time = days elapsed between donation and outbreak of hepatlhs (ln donors) and Incubation time after ransfusion in rec:plents)
1 BMT =boris marrow transplant. oo .

3 PLT = platelets.

§ AST aspartats émmotranslerese

“1v 13 ONVIMOB




International Federation of Clinical Chemistry (IFCC)

methad without pyridoxalphosphate activation and

incubation at 37°C (Roche Dlagnosncs AG, Rotkreuz,
-Switzerland).

HAV antibodies assays. 'I'he presence of anti-HAV
1gM and total (IgG/IgM) HAV antibodies was determined
-by two -commercial enzyme-linked immunosorbent

assays (HAVAB-M 2.0 and HAVAR 2.0, AxSYM, Abbott Lab- .

oratories, Baar, Switzerland). The qualitative total HAV
antibody test was used as a basis for a semiquantification
analysis of the HAV total antibody response. Serial dilu-
tions of the patient’s sera diluted in HAV-negativé human
plasma were tested with the commerual agsay to abtain

an endpaoint titer of the undxluted sera. : o

Molecular procedures

Real-time reverse franscription. p'ol‘y‘memse chain
reaction {RT-PCR) amplification. Ribonucleic acid (RNA)
from B0O pl. of plasma and serum was extracted using a

kit (Qiagen Virus BioRobot 9604 Kit, Qxagen, Basel, Swit- .

Aerland) modified for aTecan Genesis platform (Tecan AG,
Mé.nnedorf Swuzerland) and eluted 1n 80 },LL of elution
" buffer AVE.

Primer. and probes for the real-ume RT- PCR analysis
were chosen from the conserved mgxon of the 5 noncod- -

ing rcgion (NCR) of the. HAV genome usmg software
(Primer Express, Applied Biosystems, Rotkreuz, Switzer-

land}. The following were chosen: forwadrd primer: HAV-5- .
IF (5-TTAGCATGGAGCTGTAGGAGTCTAA-3); reverse

pnmer HAV-5"-249R (5’-ACTCAAT GCATLCACIGGAJ.GA—
3% HAV ‘probe: HAV 5-216 (5 -FAM -TTGTTAAGACAAA
AACCA’I‘TCAACGCCGG—BHQ 30 ‘

~ AIRT-PCR amphﬁcatmna were performcd usmg a k1t
- (Qiagen Onc-&tcp RI‘-P(‘R Qiagen) on a sequence detec-

tion system (ABI Prism 7700 Sequence Detecuon System, .

Ap plied Biosystems). The reaction mxxture (final volume,

50 L) wag preparedin a smgle tube as follows: 10 p.L One-"

- Step, RT- PCR buffer (Qiagen), 300 nmol/[ forward primer,
600 nmol/L réverse primer (Apphed Biosystems), 200
nmolIL probe (Blosearch 'l‘echnologms Inc, Novato, CA),

" 400 nmol/L deoxyriucleoside triphosphates (Qiagen), 0.5
-5 pmol/pL poly (T)6-ROX (My(.mSynth AG, Balgach :

watzcrland), 2 pl enzyme mix, and 20 pL cxtracted RNA.

HAV RNA' was reverse-transcrihed into complementary'

‘decxyribonucleic acid (cDNAJ (30 min at 50°C) and the
248-bp [raginent was amphﬁed byPCR. (15secat 94°Cand
30 sec at 60°C) for 50 cycles (ABI Prism 7700, Applied Bio-
systems, Rotkreu.z., Swnzerland} Each assay included a 5
%1078 ditution poliovirus Sabin Type 3 (39/740 NIBSC, Pot-
‘ters Har, UK) which served as an internal control for the
extraction, reverse transcription, amphﬁcauon, and

detection steps An RNA quannﬁcanon standard repre- .
senting 1204 nuclevtides of the 5" HAV genome was pre- .

pared by digesting the plasmid pCI5 (whole HAV genome
- of strain HM175 in vector pGEMl) wuh ‘the restncuon

TRANSFUSION-TRANSMITTED HEPATITIS A VIRUS

enzyme Bsili. RNA was synthesmed using SP6 RNA poly—

- merase and the Riboprobe SP6 system (Promega, Catalys
- AG, Wallisellen, Smuerla.nd) according to the manufac-

turer’s instructions. Any conta:mnaung DNA was elimi-

nated usngNase-frec DNase 1 énzyme supplied with the
Riboprobe kit. The KINA was purified by LiCl, precipitation
and spectrofluorometrically. quantified using a kit

" (Ribogreen RNA quantification kit, Molecular Probes, Juro

AG, Luzern, Switzerland). The concentration of the RNA
starting solution was 10'* RNA geq per mL. Serial 10x dilu-
tions in 1 ug per mL poly A RNA (Amersham Biosciences
Europe GmbH, Otclﬁr;gen, vsmtzexland)_ were divided in
aliquots and stored at =70°C. Copy numbers of the exper-
imental RNAs were calculated after real-imc amplifica-
tion’ from the linear regressiori-of the standard curve

. derived from the cycle threshold values ‘of the standard

RNA serial dilutions. The sequence of the i in- vxtro tran-
script was confirmed by sequencing of the plasnnd DNA
template. The sensitivity of the real-time HAV RT-PCR
assaywas 14U permlL, 518 geq permL.Itwas determined
using the World Health Orgenizition Intematwnal Stan-
dard 007560 (NTBSC, Potters Bar, UK). ’ .
-Qualitative seminested PGR amphﬁcsmon The P(‘R
product of the real-time RT-PCR was used as the template
for the seminested PCR. The primers for the seminested -
PCR were chosen as described above. The followiiig were
chosen: forward - prifner: HAV- 5'-330F (5'-GITI‘G(1AA
CGTCACCTTGCAGI-3"); reverse primer: HAV 5’—249R (5-
ACTCAATGCAICCACTGGATGA-3’) : .
. The reaction mixture (final volume, 50 .pL) was pre-
pared in a single tube as follows: 5 yL 10x Hat-Start PCR. -
buffer (Qlagen) 300 nmal/L forward and reverse primers
(Applied B1osystems), 200 umol/L deoxynucleoside tri-
phosptiates (Amersham Biosciences Eurape GmbH),

 uniits Hot-Start Tag polymerase, and. 1 ut, PCR product.

The 209- bp fragment was amplified by PCR (20 secat94°C
and 30 sec at 60°C) for 50 cycles (3700 Thermal cyclg;,
Applied Biosystems). The reaction was resolved on a 2

* percent agarose gel and Visualized by ethidium bromide
fluorescence. The sensmvxty of the qualitative's seminested

HAV PCR assay-was 1.4 IU per mL, 50 geq per mL. It was
determined using the World- Health Orgamzatwn Interna-
tlonal Standard 00/560 (NIBSC, Potters Bar, UK). |

HAV nucleic acid’ sequencing. An aliquot of. the
amphﬁed RI-PCR products was directly sequenced using
both the forward and reverse HAV primers (ABI PRISM 310
Genetic Analyzer, 'Apphed Biosystems). Nucleotxde

"sequences were aligned with software (Mult.Ahu 'I'oulose.

France)"” and compated tn the sequences deposited in the
NCBI GenBank (National Center for Blotechnology Infor-

' matmn, Nalmnal lerary of Mcdlcme Bethpqda, MD).

Case report and resuits °
Danor. Durmg summer 2001, a 33«yeax—uld female :
donated blood 3 days after returning ﬁom a 2-week vaca-

" Volume 44, Novernber 2004 ‘TRANSFUSION 1557
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TABLE2. Transfuslon-transmltted HAV laboratory results from the donor and donated’ quarantine FFP

22 ° °  NT o+ +

Day after .  ALT . -HAV-PCR " .
donation - - (U -~ ~ Anti-HAV IgM AnH-HAV IgGNgM. - HCV—PCH Anti-HCV Anti-HBe* HBsAgt {geg/ml)
o 2 - = = = .= 4 % 10 (FFP)
13 1988 s NT - NT . NT NT

1.4% 10

* HBc = hepatitis B core antigen, -
1 HbsAg = hepstitis B-ag;ufaoe antigen,

tion in Italy, where she often consdméd seafood. At mé.

time of donation she felt healthy and showed no symp-

* toms of hepatitls. ALT levels and anti-HAV at the day of

" blood donation were'in the nomlal range and negative,
respectively, and" the routie screening for infectious

agents did ot suggest any active hepatms infection. On
Day 10 after her return, she developed headache, nausea,

a!aise. fatigue, ‘and abdommal pain, however, these
symptoms improved 2 days later. Op Day 14, she hiad a
recuirence of the same symptoms arid in addition sufferecl
from an appetite loss, dark vrine, and: ]aundu:e She con-
sulted herlocal doctor who diaguosed an acute FIAV infec¢-
tion, which was subsequently confirmed by an clevated

AIT (1988 U/mlL) and positive HAV IgM tést in hef serum |

{Table 2) On Day 16 the blood transﬁxslon service was

informed of the assumed HAV-conmmmated blood dona-

- tion. This prompted the immediate recall of camponems
disiributed from the donation. However, RBCs had
already been transfused on Day 14. Retrospective analysis

. of the  donated ‘quarantine FEP- revealed a HAV RNA

level of 1.4'% 10° geq per ral, wheteas in the initial stored
serum of the donor the HAV IgM ‘anid total HAV antlbody

levels were ncgative and the ALT levels were not elevated

(Table 2). FIAV viremia regressed partmlly on Day 22, when
clinical symptoms of HAV still persxsted. Repeated tests for
hepatms B and C remained. negauve Two months later
she showed a complete ‘clinical recovery

Reciplem. A 63—ycar-old man with oral’ squarnous,

_cell carcinoma was operated on in the strnmer of 2001.
During and after surgery he recewed six units of white
blood cell “(WBC)-depleted (<10° WBCsIumt) RBCs,

including the batch from"the HAV-infected donur. The -

unit was Lransfused 14 days after donauon Rstrospec-

nvekythe patient'was found tobe HAV- seroposimm bcfore~

his operation. He chd not develop postoperative clmical
: comphcauonq and dul notshow any clinical symptoms for
an active hepatms mfectmn Analyaxs of serum samples
© taken ] day, 6 days; and 75 days after transfusmn revealed

a fising HAV total zmnbody titer with & 25-fold increase in .

the latter 'sample. In addition, a positive HAV RT-PCR
result was obtained at' Day 6, whereas no HAV RNA was
detected on Days 1 and 75 CIhble 3), sugg&ctmg that a

BNA detected in the donor and the rccnplent wcre 1denu-

1558 TRANSFUSION ~Volumq 44, Novemberzoqa, '

- tified fmm the pzmcnt and rec1p1e11t. :

" TABLE 3. Transfusion-transmitted HAV:
laboratory results from the recipient:

Days after AT  Ant-HAV Anti-HAY - "HAV-PCR

transfusion  (UA) IgM IgGfigM fiter  (qualitative)

-t 20 NT “NT . NT

1 . NT - 12§ PR

s - 34, — 1R
1:3125 - =

5. NT -

- cal (an 1).. C‘ompared to the wﬂd—type HAV stratn

(‘HMI?SJ 2 bp exchanges (both Tt C)ywere observed over

. the length of the 209 bp RT-PCR product. None of the HAV

sequences deposited to date in the NCBI GenBank are
identical 1o the sequenced PCR product of the HAV iden-

D!SCUSSION

HAV is-the only lcnown hepatotmplc member of te
enterovirus family. It is composed of a 27-nm protein
shell surroundmg a smgle-suanded RNA .genome. In

over 80 percent of cases, an infection with HAV is - -
'asymptomatlc,“ however, <1. § percent of the symptom-

atic cases develop mto fatal fulminant hepatms w;l.h :
acute liver. faiture. 1* Ifsymplomanc, the clinical course of
a HAV infection include an asymptomatic, a prodromal ‘

an icteric, ‘and ﬁna]Iy a recovery phase. Infrequently, a -
bxpha.m. or relapsing clinical course occurs.®* To date

there. has enly been one smgle report of a supposed
- chroxiic HAV infection.®

The risk of transfusion-transmitted HAV1s considered
10 be low because of the short asymptomauc viremiz and -,

-a lack of a carrier state. Lumtcd evidenee from epxdenuo-

logic studies ‘and reImSpeohve case reports. support this
hypothes:s In spite of several reports provmg “transmis-
sion ‘of HAV by plasma-derxved Loagulatlon faétor VIIT or '

v majonty of the epxdermolo gic studjes have faﬂed to show

a higher prevalence of’ anu-HAV in either chronically
transfused patients or persons thh hemophiha.‘”1 This

" may. further suggest that chronic n'ansfusmn could also
short-term reinfection did occur Sequences of the HAV -

confer passfve immunity by means of HAV IgG annbodms |
prcscnt in the blood components ‘

16



Fig. 1. Sequencc analysis vf the RT-PCR product from the patient, donor, and wﬂd~typc (WT) strain (HM175). The .malyzed nuclelc

. TRANSFUSION-TRANSMITTED HEPATITIS A VIRUS

GITIGEAACGICACCT TGOAGTGTTAACT TGGCTUTCATGAACCTCT TTGATC T TCCACAAGGGGTAGGCTACGGGTGAA

GTTTGEAACGTCACCTTCCAGTETTAACTTCCCTCTCATGAAC CTCTT TGATCT TCCACAAGGGGTAGCCTACGGGTCAA

GTTTGGAACGTCACCTTGCAGTGTTARCTTCECT L TCATGAA L CTCT T TGATCTTCCACAAGGGGTAGGCTACGGETGAS

81 . .90 100 110 120 130 140 150 160

ACCTCTTAGGCTAATACTTCTATGAAGAGATGCCTTGGATAGGGTAACAGCGGCGGATATTGGTGAGTTGTTAAGACAAA ‘

Patient
- Danor
- WT {HM175)
| I TP PG P (P | I, [[
Patient
Donor ACCTCTTAGGCTAATACTTCTATGAAGAGATGCCTTGGATAGGGTAACAGCGGCGGATATIGGTGAGTTGTTAAGACAAA
WT (HM175)  ACCTCTTAGGCTAATACTTCTATGAAGAGATGCCTTIGATACGGTAACAGCGECGEATATTGGTGAGTTETTARGACAAA
151 170 180 190 200 209
7 .l B [eenanensn I [ocmeannan i
’ Patiant AACCATTCAACGCCGGAGGACTGACTCICATCCJ\GTGGATGCATTGAGT
Danor . nccyr-rmccccccmcmcmzxcrcrcuccmmcucmmsmr
WT (HM175) . uccm-rcmceccecacc.xcrcacrc-rcuccaemeuccm-mmr

2t

actd uquences of the viruscs dctected in the FFP and the reclplent blnml are identical, whereas lhey diﬂ'm‘ from that of the wnld

type.

There are ahmxted number of reports of tragsfugion--
transruitted HAV either in- single. adult patients or cpi- |

demics in neonatal care units (Table 1). During epidernic

outbreaks, which often pose significant containment .

problems to prevent secondary infections in hospital per-
sonnel and within the patients’ familics, the transmissian
occurred both by transfusion of infectious blood compo-
nignts to children and successively by enteric route to the
nurses or family taembers of the infected children 4™t
In all these cases, the temporal coincidence of clinical
symptoms and serolagic findings by donors and recipi-
ents was highly suspicious for a transfusion-related trans-
mission. However, complete molecular and serologic

tracing from the donorvia the blood products to the recip- '

ient was never reported.

HAV is most frequently transmitted by the fecal—oral

route.™ Viremia reaches the highest level 1 to 20 days
. before the ALT peak and detreases during and ‘after the

icteric phase.'® Cansequently, risk of parenteral transmis- - -

_sion of HAV by blood donation is greatest in thé short

period before the onset of symptoms. This is in accor-

dance with almost all serologically documented cases of
transfusion-transmitted AV, where donations cccurred
between 6 and 18 days belore the onset of clinical symp-

‘toms (Table 1). In all of these reports, the suspected doner

developed an anti-HAV IgM immune response with or
. without clinical and laboratory signs of hepatitis. In our

‘ case the blood donation occurrcd 7 days befor=- the onset

of clinical symptoms in the donor. In ‘agreement with the .
literatuve, we found the highest concentration of HAV at
the dopation day. Twenty-two days after donation; during
the phase of clinical illness, viremia was still present but
clearly regressing (Table 2). :

Parenteral transmission and infectivity of HAV was
demonstrated in primates, but in only one single case
reported by Holliger et aL™ has human blood been shown
to be infectious. The recipient of a RBC unit developed an
acute hepatitis 31 days after transfusion: The blood donor
died 1 week after blood donation with fulminant HAV.
Infectivity of the correspondingly donated plasma could
be denmnbtrated after inoculation in a chimpanzee ¥ The
appearance of a HAV relapse or a chronic HAV infection

"in anti-HAV IgG-positive patients after blood n'ansmsmn’
.has never been described.

Normally, neutralizing IgM antibodies o IIAV ﬁ:st

- appear in the icteric phase and disappear 2 to 6 months :

later,"* whereas IgG antibodies appear during the recov-
ery phase and are detectable lifelong* Antibodies to HAV
are found in a substantial part of the adult population,
indicating a frequent subclinicel exposure to the virus.
Although the highest titers of anti-HAV are found in

+ . recently. infected persons {mean, 15,000 U/L), the est-

mated minimum protective level after active immuniza--
tion is about 10 U per L.* In addition, because a chronic
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. course of HAV infection has only been supposed once®

anda relapse froma fecal-oml acquired HAV is unknown,
anti-HAVis believed to confer a permanent immunity. For

this reason infectivity is limited to the initial  phase 6 HAV
"infection. Only, a few cases of a biphasic course of HAV

were published®? In these cases, the clinical relapse

occurred several weeks after the first icteric phase and was |

associated with a second ALT peak. In spite of the appear-

ance of neutralizing antibodies during the first clinical

phase and the disappearance of the virus from the feces

and blood, it reappeared in both during relapse. In these.

cases viremia lasted up to 1 year after the initial ALT peak,

indicating the possiblity -that the -virus'can partially

escape neutralizing antibodies. - -

- Ishikawa et al® reported the .only case of a HAV-
contaminated blood unit transfused in an immunocom-
petent recipient. After transfusion of a RBC component,

the donor developed symptomns of an acute HAV infection. .
" The anti-HAV IgG-positive recipient neither developed

hepatitis nor anti-HAV 1gM.? In our patient we observed a
transient viremia after transfusion of a HAV-contaminated
RBC unit. He developed a 25-fold increase in his anti-IHAV
IgM/1gG titer. The inability to detect HAV RNA by RT-PCR
~ the day after h:ansfusion, whereas it was detected 5 days
) later, is hardly compatible with a transient, passive persis-
tence of HAV in the recipient. On the contrary this sug-
gests a reinfection with active HAV replication, which was

controlled by an immediate strong humoral immune

" response.” In addmon, the analyzed .nucleic acid

" sequences ofthe viruses detected iri the FFP and the recip- -
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Molecular and serologic fracing of a transfusion—transmitted hepatitis A virus
BIMLBERICLD A BFROANAD S F R ML TEFHLE B

Peter Gowland, Stefano Fontana, Chirstoph Niederhauser {1
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HAs 8
H Al

THET, 4 \%quctéﬁm% L7zA ’”’Jﬁﬁ (HAV) HISIIES TR,

f“fm&’t - : -

G 33 ﬁo)ﬁﬁ-rwwmﬁm& Tolt. 2013 BHIC, BiEatt HAV BEOBEEZ
. BREICTRERIT 7ol , RRESREARE MARICIEE VAL R E (1.4X10° geq/mL) AHIESHLI-
DITHL, a7y M(IeM) & G(IgG)/ 1gM Hi HAV i3 T 7, TI=TINNGVRAT =5 —E
B EFLFEDRho. brod 14 B BICRMEREGM %S 137 63 BOBYEBEL, BT HAV Bk
- Tholz. Wit HAV OBRRMEREZERET, 5l HAV M iRl EShARd o7, 75 B#, 5 HAV
[gG/IgM HLikfliod 25 % L /% MeaBL7. RT-PCR 1TV, HAVRNA 23 1 H BE 75 B BITiZRON20
7228, 6 BEICE-EVERLNTILE, —‘B#E'Jiﬁﬁ:ﬁz?;é#ﬁ\_’)t\_&%ﬂfbfb\6. HELBED
HAV RNA tﬁ%ﬁﬂﬁﬂﬁ@#ﬁ@ﬁ%@ﬂ CChot-. ‘

R , : :
HTRUOHEFREFRICES>T, Bl CRYELE HAV B340 CGERSh-. GBS HAV 135 HAV
[gG AEFELIICH DO, — MBI TAMFL, MBS BT LA D,

| r74z»z+§%ﬁﬂ$&@%¢)—ﬁaa@f;ﬁ@fm A BIFRTANAHAVIZEIC 2 ORBCRIETS. 04
NAMAER, BRO1 R BICRBOLNZV, BERMEREEERTS 1~2 BREATICEN, L TR
THAOTB. ALT ﬁrﬁm%m% 1~3 BMANCY AN AR — 205, O, BAEITH
ThHHN, ERBERMOTANAMEDEHHOIBICHRILEA Ui HAV OIERE ORI TTEETHY,
AU, Sif, BEEAASMAEFRP), B M/ME, FRIEKPBCS) D&M L LETEEL TS, LaLes
5, REOMBRYTIL, ARED, Sl ENLEE~D HAV RZHE% 5 F ROMIEFM T B L > CEER
U= RIS Th S,

HAV (2583 5552 07 Y0 M (1gM) B RTHT IR R0 BE AT BN, 2~6 » A & 10885, Elii,ﬂ,ﬂ
i2 1gG HHERISCESAME, 15,000 U/LBEN, THRITEEIChI0MkET5(EE >10 U/L). 184

HAV BT U A 4 Uik HAV BERRER DL HELBESH TR ZEbS, HAV HADFERKAL

REEMNETHLEXONS. HAV BROMEHRSEEEZI-%IC, BRBICSLEDREXITHA
MLTHL HAV 1gG BBHEBRED HAV 2ERUIY, E-@HH0IC HAV B L-m LA aic— b R R
NIZZEITR. HAV FER ORI HAV Z2RIFL QW 3B EDEER I RIFTEBII T
SRR ZEN TR, ELEIIASEIZHBT, HAV (BN AR R LBk A L HAV-1gG
B BE~ORMEFZRR TS, BRER, FUERIE, TLTHOE LS MEDOTALARBR—ThHD
ZLERTHTS.
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FEBIRE LRE R

feim ‘ : -
2001 EDEIT, AFY7 T2 BRDKIREBT Ui 33 OKMENSREND 3 BRICIRNEITo7.  HikiE
ZITIBEDEZRL Ve, BROZIT o7, HEIIRBROELTRY, EFRERLRL TR
o BRI B, ALT I EREEEICHY, FLHAV LEIIRIETH . ¥, BREMRFEZRIY—
=UYTHRERETIE, EMEOF RS SCRRL TV arot. REND 10 BRI, HARE
&, HER, FARR, Fh, FLTEERBELEZELL. L, Thdhb 2 BRICINOOMERIIFE
Lic. 14 B, HERAUCEROBERICHET, AEROMEK, BER, U TREERSHE. HXid
BT OMTEOEEEN. TOEZFIIRM HAV BRLZHLE. %@@‘é%@ ZHNE, fikof-
EFO LR LT ALT(1988 U/L)EBGHE HAV IgM BREIZ L > TREFE S 7=(Table 2). 16 A H, HAV L{?%‘;‘
SN LEONARMBESRML Y —C RICKUATDIE. ZOTER, ORI KRS OECHZE
AE{RL. LaLiesis, fRmEkit 14 A BICBECBmMSN TV e, BANCRESR-SEnE Mg,
HAV IgM &4 HAV BLiKfEizett 20, £ ALT B EFHLL TR o7eDizxtL, BRI ST R TR
BAEMSED HAV RNA 75 mL 4V 1.4X10° 7 2B YS B THATLD, BROTICLV Dol KARLLT
HAV OERFREFER 2V TV 7z 22 B B IZ HAV MAEIZES SHNZHHIBL. BVELIT-7- B &L C BIFF
KOBIIBITEABIER R U, 2 7 A%, HAEBRMNICSEELE. o

Z M (BF) -

O E~AE ERZRRD 63 BB HERD 2001 SFDE CERETIT. HAVBREOE Oy F ST, ALK
#BRV = 6 2= M(< 108 WBCs/unit)o> RBC 5% M1 FHT P L EIc2IT 7. £Da=yMImMmE 14
BICHIILESN. BEIFERIC HAV MIERISHBIE Chol s LB BRIIC Yok, BITHTROE
HHEZRET, FEBEOFRBROERLRL TV Do/, Bli»51 H,6 B, 75 BRICRRLEL
MBEREZDHFL, BBICERUZBREIZIBWT HAV BHE AN 25 £ EF LI LSO
&biz, 1 B 75 BHITEE HAV RNA i85 h7eh o723, 6 B BIZ PT-PCR O HAV B R ABLNZ
&, ——i@q‘éﬁ@%ﬁﬁ:otzeéﬂﬁbﬂ 5. #fELZ M E MO L HAV RNA O RS
FCTh-olc. HAV OBFHERRHMITE)E DL, & 209 $EED RT-PCR EMY LI 2 HEDE#R (M5
kb TH5 C) AR5, NCBI D GenBank 124 B X TRESN TV 22T HAV Lﬁgﬁaﬁﬂ iiE, BE
J:ﬂm%‘b%ﬂmut HAV @ PCR E%@ﬁ%ﬁﬂﬁﬂ&—ﬁcbh%w I E72inotz.

FARB o ay 4 .
HAV 2= 7oA L 2B D725 T, Dﬁ—“@ Hepatotropic )‘//\*&L'C'ﬁ]‘:ﬁ’b'@ B, —AEHDRNA Y/
DEBOELS 27 7 A— A DF S TROBEHBTETND.  80%E_EDREFIICIS T, HAV BRI
BAETHDD, FEFERMFEFIO 1.5% U T IR R 2% ok B RBIER K ER TS, ERtED
HA, HAV BEOBREB LU, BERY, wiskl, BEY, TLTRBICEERSHD. Fhig,
TR B OBREREES. 4 B ETIC, B HAV B Eb COBERIIE 1S L HES
T b\f:t/\ | '
ﬂﬂ%ﬁ?/{wxmr@ﬂaﬁaﬁmfnb\:& %LT%J«)Tkﬁfﬁ:fxb\ L, iz ks HAV Bofs
BREEEVEEX DR TS, TORBUE, BRI R UM RAVEFISE I LB RON M L ST
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EHEAN TS, MIEH NS VI 7R B IXE TR ERAIC LS HAV BREOERAESHBICHHD
boT, ZLOEFHFRICBNT, BiEEn BE EIRMREE OB OHHAV BRERIZOWTIH
EMTEN TRV, ZoZbiE, BEa0EimiE, MEREAICEETS HAV G fUKIiCL-o TR EIRE
BT ETDERENDHDIEEISITRIBL TS LIVRN.

A BHEBE S 1354 R E PEFBOGELYRIZB T A 8HIfLE K HAV BYHIOWVT, ISE Bntiﬁ
ERENTVS(Table 1). FREERES 7212 BHE OFIKH TO ZREEBLIEIZ BT 5 RA 2 M| A
PRECRET D MITRPIC, HRENCMBRDICL B A~ L, TIUIF ERE, £
DFEOBHER L TERR I I FHOFRICBRENSE Z o7, ThoSEFICENT, i
b % i 3 OB FRAY R R ML T AT RO —BRR 22— B, Bl I BER Lo BRBUT SV TIEgER 28R
T HhLWLDOThoTe. L Lds, MikEHlZ,LE, ﬁim%z‘naﬁm%i-co)mﬁtt SFRG
m#EEE RN EERAEFE—E b RES LTV,

HAV IZE N BRICL > TRLIKEETD. 7/(;1/;<mﬂi ALT PME— 2B 1~20 H AR E72Y,
FLTEESRTRBIOFO®RICHEIETS. LT, BILICEAIER O HAV BEOBTERIGRIER
ERARBETAEMEICERLRD.  ZhuT, ERFERO 6~18 BRNIERMLIMTONWEEOMIEF
i STEESSIEES T O HAY Bl BRYE S & —E 5 (Table 1).  ZhHDRFEITHNT, BENE
PBHTE T A DB E CEREOBYS A 271D, bLITRETIC HAV [gM RERIEERL
7o, RAEOEFITIE, SiiESERHEREERTST A BB Z1T o7z, FAEY, CERE—EL,
BRI BT 1T B R bV HAV BB AR L. BRMAS 22 B B @ﬁﬁ%ﬁ%ﬂ;ﬁkm\f YANADIE
RS U THRIEL TS, BALDINCHIBL TV,

HAV O3RN0 ﬁg&‘:ﬁﬁ’éﬁ NEERIZBWTETFINZS, RIT— (Holhger) %ﬂs?&ibfu%ﬂﬂ@
FDS, LR R G r&%:%‘ FBILERLTWS. RBC 2=y M3 31 BICEHFRER
L. ERfAEMEITER M AS 1 BRERICEIE HAV O T Lz, FELHREOMIFORLRMEE, F
RO ERIC Lo CSIEE TR . Bl % OB HAV-IgG BEtE BT E1T5 HAV BREITBE HAV
BROMBUCONTIE, —ELBHASTETRL. |

T, 1gC AREEICEN, EECDIRIHTETHIOICKL, HEV ICK T2 IgM R
CEELICHD TEN, FLTEO% 2~6 5 A THEETS. RAAROKESSD S HAVICH§5HED R
OWBIENL, EERRTANARESMEEICEI S TNBIEERL TV, BB RLIZEMDH HAV
DR (FHE, 15,000 U/L) 5% BEANTA, HEISESE OHEREHBRAMHTBIE 10U/L T
b5, FOL, HAV OBHEMETIIEE 1 BiFSFeE260 TS, ZLTE DS HAV OFFRITAL
' NTORODOT, HAVHLE DR AERE I ELTWBHELONS. —OXSE i, Bleid HAV B
@%}Jﬁ;ﬂézlib‘%[ﬂ&zeéné 72 9~3 SEGID HAV TAREARFERSNE. “honEFIcRWT, HE
OIS SRR BRI TR AR AL, Thit 2 EAD ALT E—2iHE Aot RIOBRKE
PECh AN HERL, '74/1/z7)3§&m?&ﬁ%?ﬁﬁbf:a:’bﬁ%b%ﬁ B R PICER IO M
FEIANARBECRNE. ThHOERICENT, HHIDALT B VR R | R E T AV AR
TIEUSET o b, AL AR PRI AR BRI RS T RN HDILETBEL TS,

AT HTER, HAV ICERS N ik =y NSRS A R IRl SN o —DEFZHRELL.
HE00 & 13 RBC FR A D#IM% I 24 A BIFA DR ERAELZ.  FLHAV oG BEOZ MF IR EIT
i HAV-IgM B DL bbb R80Tz, O BF T, HAV IS5 RENT RBC 2=y bOBIME S
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ik, —ESRR AN AMES R, O HAV [gM/1gC L 25 f5Ic ERL TV Y=, 5 BT
RT-PCR IZX9 HAV RNA & CE7=DixtL, @i Z BICRE TR -y, ZMEIC BNT
| HAV BS—BST, SHHMICEHRT AT L OUEREADR. BNEIED, TOZLIZEIREDE S
IR SR B RS s Lo Car ha—/L SN ADBIE SR HAV BE fEOBRRRIEL COBZERRML TV
5. %Dk, FFP Y 0E CRILE VAN ADEERS RN RITRA—Chot. —H TENLOEF]
;iﬁﬁ‘r'?/m/z HM175 31 0% NCBI GenBank IZ BRI TS, £TH HAV E2Fl J:ai;%f.,eo Tk E
oxaﬂzéfokﬁ‘mkw7/(/1/1@%%75:@%7‘“&%/11(»\7‘_

REER MRS BE L T52L T HAV BMET 5L, £LT, %@f&%%w:wr/vzybiﬁﬁm
x‘l‘i@fkkb‘féx‘bi%i%’ﬂ EHARCHERIL, %L'C%%&ﬁ&“ﬁﬁ%ﬁ%‘i‘&_&% SFRCIM

FEROBINC Lo CREITD CEHLE. |

_ %Léwﬁ%kiﬁkkiﬁ‘bént —ZbiE, HAV bxiﬁmc_ibﬁﬁéﬂ"é\_&kﬁmmﬁéﬁwe PR FE

BTBZERTERN.  Lnlens, ThHECRIETEEITIRES, FLTRRL, 7, EER I
BB~ —h—DSBRYTH UR 2R TERERE R LOMIZ, 53— BRSO ObHHIE,D,
1 E OBIRFNED 5 LBLE D TR R BTGB E R ESN TS, B, BRI LiiBe
i2, BEMFITHIL, B —E Ry — ISR A LB T SO EICE, SRR L BEAE RS
X7 —F, ZMEHDOITBRENHAVERRIC—B T BE ﬂq%&éﬁbﬁ%ﬁ@ﬁi&mmﬁwﬁﬁ WEAE
EFNTU 2.

BE
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