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lower levels of nucleic acid compared to minipoo! (MP)
NAT, although for HBY, three head-te-head comparison
studies showed no significant difference jn analytical
and clinical sensitivity between the Ulirfo assay (Novartis
Diggnostics, Emeryville, CA} in ID-NAT format and the
TagScreen assay (Rache Molecular Systems, Pleasantan,
Ca) utilized in MP5 configuration.1#

A review of the Literature revealed that to date there
has been no documented case of transfusion-transmitted
HRBV where these latter systems have been used to screen
donated blood. However, there have been a number of
cases of HBV transmission that have been reported in
tlood screened by NAT using larger ponl sizes. 7 Inter-
estingly, when some of these donations were tested by
ID-NAT they were also not reactive, but the diagnostic
polymerase chain reaction (PCH) methods used in these
cases might have been less sensitive than the current
triplex NAT blood screening assays,

The benefit of implementing a mare sensitive [D-NAT
system (as opposed to an MP system) is expected to be
greater in regions of high HBV incidence and prevalence,
where the rate of donations in the WP and in cases of
occult hepatitis B infection (OB} is high 2

Before the implementation of hepatitis B vaccination
in the immunization pregram of infants in 1995, it was
reporied that more than 70% of the South African fopula-
tibn had been exposed ta HBY, with an estimated 10%
being hepatitis B surface antigen (HBsAg) carriers.® Inter-
estingly, when the background prevalence of HEV was
examined it an adult population § years after introduction
of infant imumunization, the HBsAg- and anti-HBc—
positive rate was reported to be lower (3.3 and 36.7%,
respectivelyl, which indicated that beneficial factors other
than HBV vaceination play a role in reducing HBV trans-
mission in a communivy* Fhe HBsAg and anti-HBc preva-
lences in a South African blood donor population were
reported to be 0.54 and 6.0%,"% six times lower than in the
general population.* Even though the potential transmis-
sion of HBV infection by blood transfusion in South Africa
has been significantly reduced by ID-NAT, the residual risk
of HBV transmission by denations in the window phase
yerains relatively high' SANBS operates a comprehen-
sive lookback program to identify possible cases of
transfusion-transmitted HIV, HCV, and HBV infections.
Donor-triggered lookback investigations are undertaken
on all HBV DNA- and/or HBsAg-positive donations,
Including OB, {or donations precured within | year of the
pusitive {index) donation. SANBS does not routinely
screen for anti-HBc; however, should recent seroconver-
sion to anti-HBe be identified, a loakback investigation
will be condueted, Reciplent triggered lookback investiga-
tions are carried out whenever there is a reparted case of a
possible transfusinn-transmitted infection.

In this study, we report the first case of transmissian
of HBV by a blood donation in the HBV DNA-negative WP

TRANSFUSION-TRANSMITTED HBY WEECTION

which occurred during the faurth year of ID-NAT screen-
ing and which was confirmed by comprehensive nucleic
acid sequencing and phylogenetic analyses. Moreover, we
compare the observed HEVWE transmission rate with the
estimated transmission risk caused by donors with acute
HBV infection undetectable by ID-NAT.

MATERIALS AND METHODS

Screening and confirmation of HBV infection

Allbloed donations in South Africa are donated by volun-
tary, nonremunerated doners and are routinely screened
for HIV, HBV, and HCV by both serologic testing and
ID-NAT. Screening for HBsAg was performed on a chemi-
luminescent immunoassay system (Abbott PRISM ChLIA
system, Abbott, Delkenhelm, Germany) and, for HEV
DNA, on a multiplex NAT assay system (Proclelx Ultrio
multiplex systemn on TEGRIS, Novartis Diagnostics). Serol-
ogy and ID-NATs were performed concurrently using two
donor samples, a citrated plasma sample for HBsAg and
an ethylenediaminetetraacetic acid gel-separated plasma
sample for NAT. Initial reactive donations in the Ultrio
assay are tested in duplicate on the primary test tube as

well as in the discriminatory probe assays. Uonors that are,

concordantly repeat reactive in Ultrio or dHBV assays and
the HBsAg assay arte considered HBV infected. HEsAg-
negative donations that are Ultrin repeat reactive or
reaetive in the dHBV assay are tested for viral load by
guantitative PCR (on the Cobas TagMan, Roche Malecular
Dingnostics, Pleasantan, CA] assay as well as by triplicate
ot fivefold Ultrio and dHBV assays on samples taken frem
the frozen plasma unit. These potential HBY NAT-yield
samples are also tested for immunoglobulin ()M anti-
HBe, total anti-HBc, and anti-HBs titer [Elecsys, Roche
Molecular Systems, Fleasanton, CA).

Poteniial HBV NAT-yield donars, as well as HBsAg
heutralization-positive donors with Ulttio-nonreactive or
nonrepeatable reactve results, are recalled to confirm
HBV infection markers in a follow-up sample. On the basis
of the pattern of results in index and follow-up samples,
HBY NAT-yield infections in first-time, lapsed, and repeat
donars are categorized into acute and chronic NAT-yield
cases. The first group is further classified as pre-HBaAg or
pre-anti-HBc WP if all serumn markers in the index dona-
tion are nonreactive or as post HBSAE or post-antl-HBc
WP (or early recovery phase) when IgM antd-HBe is posi-
tive (Elecsys, Roche Molecular Systems). If two sequential
samples were HBEV DNA reactive followed by seroconver-
sion to anti-HB¢ (and anti-HBs) in a later follow-up
sample, we classified the infection as primary OBI (Fig. 1.
In some of these cases, it is unlikely that HBsAg would
have been detectable at some point in time because of the
length of the sampling Intervals. A second subcategory of
WP infections could be classified as either abortive HBV
infection or, more likely, vaccine breakthrough infections,
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Fig, 1. Course of sexum markers In acute resolving hepatitis B infection. The curves in the upper part of the diagram show the rela-
tive conceniration of the markers in a typical infection. The Ines above the curves show the mean lengths of the detection perlods
of HBV DNA and HBsAg as estimated Frorn the numbers of HEV NAT yields with and without detectable HBsAg. The lengths of the
pre- and past-HBaAg WPs and pre- and post-NAT (Ulurlo) WPs were calenlated for RBCs (20 mL of glasma) fram the 50% LODs of
9.5 and 1000 copies/mL for HBV DNA and HEsAg by the transmission risk model of Weusten and cowarkers,'® assuming a 50%
minlmwm infectious dose of 3.7 coples In the ramp-up viremfa phase and 370 copies in the declining viremia phase. The resulting
probabillty curves that RBCs are Infectlous and the probabillty of nondetection by Ultrlo based on 95 and 50% LODs of 98,5 and
8.5 coples/mL determined by comparison against the Eurohep standard are shown at the bottom part of the diagram. The shaded
arga shows the probability that RBCs are Infectipug but not detscted by NAT and give the number of rlsk-day equivalents in the first
and second WP, which were estimated to be 15,3 and 1.3 days, respeciively, for Ultrio and 12,6 and 0.74 days, respectively, when
the more sensitive Utrlo Plus assey with 95 and 507 1.ODs of 6.9 and 4.5 copiesioL would be used. In a later stage of OBI when
antl-HBs tters have declined to below 10 t0 100 mIW/mL occult persisting HBY DNA In the kiver can reappear it plasma and the
bloed can become potentially Infectious agabn, The probability that blood fram oceult HBV carriers is infectious but not detected

by NAT s unk and not add d [n this artfele,

when HBV DNA was detectable in the presence of antl-
HBs as the sole detectable serum markey, followed by an
increase in anti-HBs titer and delayed anti-HEc serocon-
verslon. If, however, no follow-up sample was available er
ho increase in ant-HBs titer was observed, it cannot be
excluded that the donor was a chronic occult HBV carrier
with anti-HBs as the sole detectable marker. Since there
were only a few of these, we classified them as acute NAT
yields.

Analyses of the HBV transmission case

A 47-year-old regular male blood donar tested positive for
HBsAg and HBY DNA on his 53rd whole blood danation
in January 2009, The donor had given a whole blood
dopation 60 days before the positive index donation (X)
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and this donation had tested negative for all markezs of TTL
The previous whate bleod donation (X — 1) hed been pro-
cessed inte a red Blood cell unit (RBC), a random-doner
platelet (PLI} unit, and a fresh-frozen plasma (FFP} unit.

Once it was confirmed that the X donation was pasi-
tive for HBsAg and HBV-DINA, a donor- triggered lookback
investigatian was initlated. This investigation eatablished,
that the RBC unit and PLT unit of the X-} donation had
been transfused and that the fresh frozen plasma (FFP)
unit had been forwarded to the South African National
BioProducts nstitute [Pinetown SA). a plasma fraction-
ation facility.

To confitm transmission of HEV by the X-1 donation,
follow-up blood samples were taken from the recipient
and from the donor at 110 days and 120 days post-
tansfusion, respectively. The fellow-up samples were



sequenced and genotyped (see helow) and tested for
HBsAg, ant-HBc (IgM), anti-HBc (total), and anti-HBs
titer. Liver function tests—alanine transaminase (ALT),
aspartate tansaminase (AST), alkaline phosphatase
(ALF), garmuma-glutamyl transferase (GGT}, lactate dehy-
drogenase [LDH) and total bilirubin—were alsg per-
formed on donar and recipient samples.

Wiitten informer consent to perform additional labo-
ratory tests, including tests to characterize the virus, was
obtained from both the donar and the recipient, Approval
to molecularly characterize the HBV isclates was obtained
from the Human Ethics Committee of the University of the
‘Witwatersrand.

Viral foad eatimation
The FFP unit from the X - 1 donation was recovered from
the National Blood Fractionation Centre and aliquoted
into 3.5 mL. samples and frozen at -80°C. Probit analysis
can be used to estimate the HBV concentration and the
number of viral particles in the units transfused, which are
below the detection limit of the Ultric assay. This was
undertaken by sesting the donor's FFF unit in 30 replicate
_fests on the Ulirio and the new genezation Ultrio Plus
assay and comparing the propartions of positive results
with those found en the Eurshep HEV DNA Subgenotype
A2 standard ditutions calibrated in copies/mL,* compa-
rable to the copies/mL quantified by the Versant bDNA 3.0
viral load assay (Slernens, Tarrytown, NY).* The Eurchep
standard has subsequendy been used far preparation of
batches of the WHO standard and it has been estimated

that one IU of the Iyophilized material in the international .

standard is equivalent to approximately 5 HBEV DNA
copies or virions.™ An aliquot of plasma from the FFP
unit was also provided to Gen-Probe for testing 30
replicates on the Procleix Ultio Plus assay. Another
aliquot was sent to the Paul Ehrlich Institute for testing 12
replicates in the Ultrio ‘and TagScreen assays (Roche
Molecular Systerns) in 1D format.

HBV ampifification

For both the donor and the recipient, total DNA was
extracted from the plasma samples using a DNA roini kit
[Qlaamp, QIAGEN GmbH, Hilden, Germany), according
to the manufacturer's instructions. The surface and
basic core promoter regions of both the donor and the
tecipient HBV isolates were amplified directly fram
DNA extracted from serum. A nested PCR procedure
was carried out to 2mplify the complete 5 apen reading
frame: primers S1F 5-TCAATCGCCGCGTCGCAGAAGAT
CTCAATC-3" (2410-2439 from SeoRE site) and SiR
§"-TCCAGACCXGCTGCGAGCAAAACA-S" (1314-1291 from
EcoRI site) were used for the first round (denaturation
94°C for 60 sec, annealing 66°C for 3 min, extension 72°C
for 3min, 40 cycles) and S2F 5-AATGITAGTATTCCIT
GGACTCATAAGGTGGG-3° (2451-24B2 from EcoRl site)
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and §IR 5-AGTTCCGCAGTATGGATCGGCAGAGGA-3'
(1280-1254 from EcoRI site) for the second round (dena-
Turation 84°C for 60 sec, annealing 68°C for 3 min, exten-
sion 72°C for 3 min, 40 cycles),

The basic core promoter/precore region was
amplified using a slight modification of a previously
published nested PCR:* primers BCP1F 5'-GCATGGAGAC
CACCGTIGAAC-3 (1606-1625 from FEcoRI site) and
BCPIR 5-GGAAAGAAGTCCGAGGGCAA-Y  (1974-1955
from EcoRI site) were used for the first round (denatur-
ation 94°C for 60 sec, annealing $5°C for 1 min, extension
72°C for 2 min, 40 cycles) and BCP2E 5'-CATAAGAGGA
CTCTTGGACT-3 (1653-1672 from EFcoRI site} and BCPZR

~GGECAAAAMACAGAGTAACTC-3 {1959-1940 from EcoRl
site] for the second round, with the jdentical eycling can-
ditionas as the first-round PCR.

The complete HEV genome was amplified using a
single amplification,® with madified primers P15"-CTTTT
TCACCTCTGCCTAATCA-3' (1820-1841 from EcoRl site)
and P2RM 5-AAAAAGTTGCATGRTGMTGG-3' (1825-1806
from EcoRl site).

Croning

The complete genome amplicons were gel purified using a
gel DNA recovery kit (Zymoclean, Zymo Research, Irvine,
CA} and claned individually into & cDNA vector {pSMART,
Lucigen, Middleton, WT) according to the protocol pro-

vided by the manufacturer and the clones sequenced
divecety.

Sequencing

The amplicons and clones were prepared for direct
sequencing using a cycle sequencing ready reaction
kit (BigDye Terminator v3.1, Applied Biosystems) and
sequenced on a genetic analyzer with 16 capillaries
(ABI3130xl, Applied Biosystems), In addition to the
primers used for amplification, vector-specific primers
as well as HBV-specific primers (19598 5-CTTCTGACTT
CTTTCCITC-3" [1859-1977 from EcoRl site]; 2B37R
5-CCAAGAATATGGTGACC-3 {2837-2821 from PcoR[
site); 2454F 5-GTTAGTATICCTTGGACT-3' [2454-2471
from EcoRIl site}l; 1B5R 5-GTCCTAGGAATCCTGATG-3'
(185-168 from FEcoRI sitel; 60F 5'-CIGGTGGCTCC
AGTTC-3' [60-75 from FcoRl site]; 734R 5-CTGAAAG
CCAAACAGT-3 [734-719 from EcoRI site]; 595F 5'-
CACCTGTATTGCCATC-3" [595-610 from EcoRl site]; 1431R
5-GACGTAAACAAAGGACG-3' [1431-1415 from FEcoRl
site]; 1258F 5'-CTGCCGATCCATACTG-3" [1258-1273 from
EcoRI site]; and 1769R 5'-CAATTTATGCCTACAGCCTC-
¥ 11769-1777 from EceRI site]) were used for sequencing.
All sequences were analyzed in both the forward and the
reverse directions. The accession numbers of HEV isalates
sequenced in this study have been deposited in GenBank/
EMBL/DDB]: IN182318-TN162334.
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Phylogenstic analyses

Cornplete and subgenomic HBV sequences were com-
pared with corresponding sequences belonging to the
eight genotypes of HBV (A-H} from GenBank. Multiple
sequence alignments and nucleotide divergence calcula-
tions were carried out using Dambe® The alignments
were edited maoually in GeneDoc® and fed inte PHYLIP
{Phylogeny inference package) version 3.69.% DNAML
(maxdmum likelihood) atone and DNADIST consecutively
with NEIGHBOR [neighbor-joining) were used to generate
dendograms. SEQBOOT, DNADMST, and NEIGEOR were
used for bootstrapping of 100D data sets, CONSENSE was
used to compute a consensus tree. Trees were visualized
using TreeView Win 32 Version 1.6.6.3*

WP transmission risk analysls
We used the recently refined wansmission risk model of
Weusten and cdlleagues'® to estimate the HBV residual
transmission risk posed by RBC transfusions from repeat
donors. Using a preformatted calculation spreadsheet the
relevant variables were entered, that is, the MP size, the
amount of plasma in a RBC unit {estimated at 20 mL),
the total number of repeat donations over 4 years of
testing, the number of acute HBV infections or HBV DNA
and/or HBsAg seroconversions in the repeat donors, the
mean preseraconversion interdonation interval, the mean
viral doubling time of 2.56 days for the ramp-up phase,
and the mean half-life of HBV (1.6 days) in the recovery
phase.™ For the Ultrio assay the recently established 95%
and 50% detection limits on the Eurchep genotype A2
standard in a SANBS validation study were used for the
caleulations (98.5. and 9.5 copies/mL, respectively). The
50% minimum infectious dose (IDy) estimated in the pre-
ID-NAT WP was estimated at 3.7' but in the second HEV
DNA-negative WP the IDs; was estimated to be approx-
mately 100-fold higher (and set at 370 copies) as could be
deduced from infectivity studies in hwman liver chimera
tmice.3®

The formula below describes the WP transmission
sk for HBY in 1epeat donors:

risk = —dm Doy xincidence rate adjustment factar,

Thervean Droos

where the total number of risk-day equivalents in the
acute phase is the sum of that in the first and second WE
thenween is the mean preseroconversion interdonation inter-
val in repeat donors with interdonation intervals less than
12 manths, Deny is the number of setoconverting repeat
doners, and Dy, is the total amount of repeat donations.
Because of the transient detectability of HBsAg and HBV
DNA in the acute phase, the observed incidefce rate is
an underestimation since seroconversion to anti-HBc
and ant-HBs, without detectable HBsAg and TRV DNA,
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remains unrecognized, Korelitz and colleagues® esti-
mated a mean HBsAg detection period of 63 days on the
basis of previous follow-up studies. The length of the HBV
DNA detection period in acute infection can be estimated
from the number of concordant HBsAg and HEV DNA-
reactive donations in repeat donors and the additional
number of acute NAT-yield infecticns in this study. The
NAT detection periad can then be estimated by dividing
the total number of viremic acute infections by the
number of acute HEsAg-positive infections and multiply-
ing the estimated HBsAg detection period with this
factor.?

The incidence rate adjustment factor can then be
deduced by dividing the mean preserocanversion interdo-
nation interval by the estimated HBEV DNA detection
period. To estimate the risk of HBV infection in frst-time,
lapsed, and all donations, the acute-phase NAT yield rate
in repeat donors was compared with those in first-time,
lapsed, and all danors. The HBV transmission rigk in first-
time, lapsed, and all donors was then determined by
multiplying the residual risk in repeat donors with the
NAT-yield rate ratios in the respective donation categories.

RESULTS

Classificalion of acute HBY infections

To estimate the risk of HBV wransmission by WP donations,
it is important to classify the HBY NAT-yield donations as
acute or chronic infections. Table 1 shows the number of
acute and chrenic HBV infections in first-time, lapsed,
and repeat donatians as detected by HRV DNA and TIBsAg
screening during 4 years of ID-NAT screenihg. Qwer ¢
years, 170 repeat donors seroconverted to both HBsAg and
HBV DNA, while another 84 seroconverted to BV DNA
without detectable HEsAg. The mean preseroconversion
interdanation interval (and range] in the total of 254
acutely infected repeat donors was 127 (35-364) days.

Of the 149 acute-phase NAT-yield cases found in first-
time, lapsed, and repeat danors, 114 were classified as
early WP donations in the pre-HBsAg or pre-anti-HBc
seroconversion phase. Seventy-nine (69%) of these WP
infections were confirmed by the presence of HEsAg, HEV
DNA, and/or anti-HBc in a follaw-up sample, whereas in
35 (31%) no follow-up sample was available. These laster
seronegative donations were classified as being in the WP
because the TaqMan viral load assay was pasitive and/or
HEV DNA was reactive in multiple replicate Ultrio and
dHBV assays on aliquots taken fram the frozen plasma
unit. Six infections were classified as probable primary
OBIs because HBV DINA was reactive in at least two
foliow-up samples several weeks apart without serocon-
version to HBsAg, followed by serocorversion o anti-HBc
and anti-HEs in a later sample. Thirteen infections were
classified as possibie abortive or vaccine breakthrough
infections because of presence of HEV DNA in anti-HBs-
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TABLE 1. Acute and chronlc HBY Intaction rates as datected by
HBEV-DNA and HBsAg screening

Number HBV infections in donations

HEYV infection_classification First time Lapsed Repeat All
Number donaticns 315,488 302,970 2,303,102 2.921,551
HBsAg+, DNA+ 2,302 13 170 2585
{rate) (1:137) (1:2,681} (1:13,548) (1:1.130)
Acite MAT yield 46 19 84 149*
(rate} (1:8,859) [4:15,346) [1:27,418) (1:19,608)
Chrgnic QB NAT yield BG 27 61 177t
{raie) (1:3,545) (1:11,221) [1:34,375) {1:16,506)
HBsAg+DNA— 86 0 0 ag
{rate) (1:3,668) (1:33,972)
Unelassified 3 1 8 10

All HBV infections 2,523 153 35 3,007
(cate) - {1:125) {1:1,805) [1:7311) (1:872)

* ©Of 149 acule-phase NAT yields, 95 donors were in the pra—anti-HBc WP, sbx were
likely to be primary occull Infections, 13 wera possible vaccine braakthrough infectons,
and 35 wara in tha IgM anii-HBo+ early recovary phase.

t Ot 177 donors with chronic OB, 75 were potentially infactious {anti-HBc+, anti-HBs-)
and 102 were nol infectious {anti-HBc+, anti-HBs+). Ansthar five donors could have
been classified as OB| with antl-HBs as the sale marker, but wa chose to classty
these as acule phasa NAT ylalds.

signs and symptoms of acute hepa-
titis B, 84 days after transfusion, with
markedly abnormal liver function test
results: ALT 866 [U/L (normal range <50
TU/L), AST 470 WYL (normal range <38
S/L), ALP 254 pmolfL. (normal range
40-130 pmol/L}, GGT 222 IU/L (normal
range <60 IU/L), LDH 322 [U/1, (normal
range 100-250 IU/L), and total bilirubin
of 60 wmol/L {normal range 5-21 pmol/
L). A further sample taken 110 days after
transfusion showed that the recipient
wag positive for HBV TINA, HEsAg, and
IgM anti-HBc. Six months after transfe-
gion the recipient was clinically asymp-
tormatic but did not avail himself for
repeat serologic and liver function
teating The PLT nunit was issued to a
patient with an unreported diagnosis,
who, despite concerted efforts, remains
untraceable. :
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TABLE 2. HBV markers in samples from both donor and racipient past iransfusion

Donor (47-year-old reguiar bloed donor)

Markar Indax danaticn (X + 2 months) {X + 5 munibs] Recipient (110 days after transfysion)
HBeAg (3/CQ 1alic) Positve (362% Negative {8.27) Negatwe Pusitive {743.45)

HBY DNA, {S/CC ralic) Positiva® Positivet Negative Positive (14.3)

dHBV (S/CO rafio] Positive {23.1) Nagative Positive {25.2)

Anti-HB3e (IgM) Posiive Negative Posgilive

Arti-HBg {lotal) Pysithe Positive Positive

Anfi-HBs Negative Positive (310 UR) Negative

" Paositive on threa replicates (S/CO ratios of 15.2, 15.6, and 14.9).

&/CO = signal lo culof,

t Pasilive on two replicates (S/CO ratios of 13.3 and 12.8) ang negative on one replicala {S/CQ ratio 0.12),

TABLE 3, Proporifon of reactive tast results on WP sample in
ditfferent laboraterlas*

Laboratory ;obas TagScraen MPX test Uhrio assay  Ullric Plus assay
Paul Ehrlich Institute 2h2 (1N 212 {17)

SANBS 3/30 {1031 10430 {33)
Gen-Probe : 7/30 (29)t

* Dala ara reported as numhber (%) reactive.
1 Estimaled concentraiion In probil analysis against lhe Eurchep Genclype A2 standard
was 1.5 (1.2-1.8) ane 1.6 (1.1-2.1) copies/mL in Uliro and Liltro Plus, respeciively.

The conseusus sequence of the
donor HBV clones was identical to that
of the recipient HBV clones but differed
at 2B nucleotide positions from the con-
sensus generated from 33 Subgenotype
Al sequences. Fifteen of these muta-
tions were synonymous and 13 were
nonsynonymous (Fig. 3),

positive {or negative) denations, followed by a significant
increase in ant-HBs titer in the second sample {and in
four cases followed by delayed anti-HBc seroconversion,
detected in a third or fourth sample obtained from the
donor}. In four of the possible vaceine breakthrough infec-
tions na follow-up sample was available. Thearetically;
these donatiens could also be classified as pccult carriers
with anti-HRBs as the sole detectable serum marker, bt for
the purposes of this study they were assumed to be acute
infections. One of these four Infections was a repeat
donor. Misclassification of this case as an acute phase NAT
yield would negligibly affect the incidence rate of 254 in
2.3 million repeat donationa.

Another group of acute NAT yields, most of them with
very low viral loads (below the detection limit of the viral
load assay), were the IgM anti-HBc-positive donations in
the early recovery phase. Tn 33 of the 35 early recovery
NAT-yield donations, the anti-HBs titer was determined.
In 23 of 33 (70%), anti-HBs was reactive and in 19 (58%)
anti-HBs titers were above 100 mIU/mL. Ten of the Igh
anti-HBec-reactive early recovery phase donations (30%)
were anti-HBs negative (<10 mIU/mL) and potentially
infectious. A total of 177 (54%) of the HEV NAT vields were
OBls, of which 75 (42%) had no detectable anti-HBs and
coutd potendally be infectious,

HBV transmlssion case

The blood donor was confirmed positive for HBsAg and
HEV DNA on his 53rd whole blood donation. It was
determined that the RBC component had been trans-
fused to a 28-year-old male undergaing surgery after a
mator vehicle accident. This recipient developed clinical

The donor remained clinically
asymptomatic thronghout the follow-up period and upon
questioning did not reveal any risk behavior for HBY, He
was retested at 2 and 5 months after the X (positive) dona-
tion (Table 2). Two months after the X donation, although
he was HEsAg negative, HBV DNA was still detectable by
[D-NAT. This sample was ant-HBc IgM pesitive and

" anti-HBs hegative, Five months after the X danation, the

donor was anti-HBe and anti-HBs positive and HBV DNA
negative,

Viral load estimation

Table 3 shows the propertion of reactive results in repli-
cate Ultrio, Ultrio Plus, and TaqScreen assays in the HBV
transtission sample as found by three laboratories. Three
af 30 (10%) replicate Ultio and 10 of 30 (33%) replicate
Ultria Plus assays performed on the recovered FFP unit
tested positive for HBY DNA by SANBS. The sample was
also tested in Ultrio Plus assays by Gen-Probe and was
found reactive In 7 of 30 (23%) replicates. In the Paul
Ehrlich Institute the infectious HBV WP sample tested
reactive in 2 of 12 (17%) replicates in both the TagScreen
and the Ultrlo assay. Using probit analysis, the 95 and 50%
detection limit on the Eurahep standards were 98.5 {59-
189) and 9.5 (6.5-13.9) copies/mL for the Ultrio and 46.9
[26.4-B2) and 4.5 (3.0-6.7) copies/mL for the Ultrio Plus
assays, respectively, showing a 2.1 (1.2-4.0)-fold enhance-
ment in analytical sensitivity of the Ultrio Plus assay. From
the probit curves the HEV DNA concentration in the
plasma unit was estimated to be 1.5 (1.2-1.8) and 1,6 (1.1-
2.1 copies or virions/mL In Ultria and Ultrio Plus, respec-
tively. From this estimation of the low viral {oad the RBC
unit would have contained 32 (22-43) HBV virions in
20 mL of plasma. According to the infectivity risk formula
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ofWeusten and colleagues,'® the transmission risk of the
amount of HBV virions in the RBC unit would have been
98.7% (98.4%-100%).

Sequence analysis of HBY in donor and recipient

The complete genome of HBV isolated from both the
recipientand the donor was amplified and cloned. The full
3221 nucleotides of the HBV genome were successfully
sequenced from five clones from the donor and three
clenes from the recipient. In addition, less than genome
length sequences were obtained for four clones from the
donor and five clones from the recipient because nucle-
otldes were lost from the 5 and 3’ ends during the cloning
process. These sequences were compared phylogeneti-
cally to reference sequentces from public databases.
Neighbor joining trees for both the complete HEV gename
(Fig. 2} and a 3141-nucleotide subgenomic fagment
{(Nucleotides 1855-1775; Fig- 2 inset) show the lsolates
from both the donar and the recipient cluster together
and belang to Subgenotype Al.

The intragroup divergence of the recipient and denor
clones did not ditfer significantly from each other or from
the donor-recipient clone intergroup divergence. On the
other hand, the mean intragroup nuclectide divergence
for the donar-recipient HBV clones [0.31 + 0.0006%,
mean * standard deviation [SD]) was significantly lower
than intragroup divergences for the South African
(2.1% + 0.006, mean x5D), African (2.33% = 0.006,
mean * §D), and global (2.81% % 0.85, mean + SD) Sub-
genotype Al sequences, respectively (p < 0,05],
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HBY WP transmission risk
TD-MAT screening interdicted an additional 84 of 254 (33%)
acute viremicinfections in repeat donors. From the relative
proportions of detection of HBsAg and HBV DNA it was
estimated that the mean HBsAg detection period of 3
days” was extended to 95.4 days [Fig. 1) by multiplying the
63-day period by a factor of 254 in 170 or 1.49, Assuming a
50% HBsAg seroconversion point at 1000 copies/mL* jn
HBsAg PRISM and a IDs; of 3.7 capies'® the infectious pre-
HBsAg WP is estimated at 32,5 days, which can be reduced
to 15.3 days by Ultrio and 12.6 days with the Ultrio Plus
assay in ID-NAT format, when modeled on the detection
limits found on the Eurohep standard. The WP reduction
times by intreduction of ID-NAT are then calcwlated to he
17.1 days for Ultrie and 19.9 days for Ultrio Plus. Using the
same seroconversion risk model of Weusten and col-
leagues'®in a reversed manner in the declining HBsAgand
HEY DNA clearing phase it can be estimated that with a
half-life of 1.6 days™ and a 100-fold reduced infectivity of
HBVbecause oflmmuneneutralization,® still 1.28 and 0.74
risk-day eguivalents remain in the second WP for Ultrio or
Ultrio Plus, respectively (Fig. 1). Ifthe relative sensitivity of
HBsAg and HBV DNA assays were to be the same in the
pre-HBsAg ramp-up phase as in the HBsAg declining
phase, the reversed Weusten model estimates a post-
HBsAginfectious WP 0f9.9 days. This means that Ultrio has
shortened the second post-HBsAg WP by 86 days.
However, when the risk-day equivalents are estimated on
the basis of the proportion of IgM anti-HBc-positive NAT
yields we can calculate a shorter reduction perind as
follows: In 14 repeat donors HBY DNA was detectable
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longer than HBsAg in the IgM anti-HBc-positive early
recovery phase. Since we found 70% of IgM and-HBc-
positive donors to be anti-HBs pasitive (>10 m[U/mL),
304% of the 14 repeat donors (equivalent to 4.2 cases) could
be patentially infectious. Hence the proportion of HBsAg-
negative denors in the anti-HBs-negative, but H3V DNA—
and IgM anti-HBe-positive detection phase, can be esti-
matedto be4.2in 254 (1.6%). Since the HBVDNA detection
pettod by Ultrio in [-NAT was estimated at 95.4 days the
length of the HBV DNA—positive but HEsAg- and anti-HBs—
negative second WP would be 0.016 x 95.4 days or 1.5 risk-
day equivalents. This is less than the 86 risk-day
equivalents determined by the reversed madeling accord-
ing to Weusten and coworkers,'® indicating that worst-case
risk estimates for the second WP were calculated in this
Teport.

Since the mean preseroconversion interval in repeat
donors was 127 days and the length of the HBY DNA
detection period was estimated at 94.5 days, one-third of
the acute HBYV infections would remain unrecognized.
Therefore, the incidence rate in our study needs to be
multiplied with an adjustment factor of 127 per 94.5 o1
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§.34. Using the refined risk analysis'® far Ultrio in ID-NAT
based on 15.3 and 1.3 risk-day equivalents for the first and
second WP (tota] 16.6 risk-day equivalents} a residual HBV
transmission risk of 17.% per million donations in the first
WF and 1.5 per million in the secand WP was calculated
(for a total residual risk of 19.4 HBY transmissions per
million repeat donations). Since the HBV WP NAT-yield
rate [Table 1) was found to be 4.09-, 1.72-, and 1.40-fuld
higher in first-time, lapsed, and all donations, respec-
tively, we estimared the residual risk in these donations to
be accardingly higher than in tepeat donations, that is,
77.6, 33.4, and 27,1 per million, respectively. In other
words, the residnal HEV transmission risk from acute HBV
infectians was estimated at 1:12,880, }:29,95686, 1:46,164,
and §:36,800 donations in first-time, lapsed, repeat, or all
donars, respectively. Note that these risk estimates do not
take into account the unknown risk caused by 1D-NAT-
hegative donors with OBI (see Fig. 1), During 4 years of
observation the SANBS lookback program has revealed
one clinical posttransfusion hepatitis B event in 2.3
million ID-NAT-screened donations, an observed HBV
transmission rate of 0.34 per million.



DISCUSSION

This communication reports the first transfusion-
transmitted HBV infection by blood that had been
screened by ID-NAT. Definitive proof of a TTI can only he
obtained by genomic analysis of both the donor and the
recipient viral strains.® In this case, the clones of the HBV
strains derived from the donor and the recipient were
9.7% homologous but had a number of nucleotide posi-
tions, which distinguished this strain from the consensus
sequence of Subgenotype Al, the predominant subgena-
type circulating in South Africa™ (Fig. 3), Of the mutations
depicted in Fig 3, as far as we can ascertain, only the
synonymous Cl224A mutation in the polymerase open
reading frame could possibly have any funetional or regu-
latory significance. The C1224A mutation is within the
NF-1 binding site of the HBV enhancer I* and may there-
fore affect transcription of the pregenomic and HBx
mRNAs.® Further functional characterization would be
required to confirm this. The high homategy of the ton-
sensus sequences of the HBV strains from both the donor
and the recipient excludes any possibility of a hospital-
acquired infection or viral reactivation in the recipient.
" Furthermare, these strains form a unique branch within
the Subgenatype Al clade with 100% bootstrap support
(Fig. 2).

The viral load in the pre-ID-MAT WP donation was

estimated by probit analysis to be 1.6 (1.1-2.1) copies/mL -

and was only detectable in 10% of replicate ltrio assays.
This translates to approximately 32 (22-43) HEV virions in
the estimated volume of 20 L of plasma in the trans-
fused RBC unit. The viral Ioad in the WP donation was also
below the deteetion limit of the more sensitive Ultrio Plus
and TagScreen assays, which detected the sarple 33 and
17% of the time in replicate assays, respectively.

‘The possibility that a unit of blood will transmit vicus
to a bloed recipient is determined by the infectipus WE
For HBsAg, using the Abbott PRISM ChLIA systern, the
infectious WP has been estimated to be 355 days if one
viral particle or DNA capy in a RBC transfusion is infec-
tious,"* The WP reduction, using an HBV NAT assay system
with a 50% limit of detection {LOD) of approximately 10
copies/ml, was independently calculated to be 17.9'* and
14.9 days." yielding a calculated WP for HBV by ID-NAT of
20.4 and 24.3 days, respectively. We previously estimated
the 50% LOD to he 29 copies/mL and the infectious WP to
be 24.3 days.” These reported WP estimates were all based
on the assumption that one virus in a bload transfusion is
enough to be infectious, The variation in the estimated
lengths of the WPs in these reports is mainly caused by
vartation in the 95% and 50% detection limits ohserved in
the analytical sensitivity studies. In this study the infec-
tiots WPs with Ultrio were considerably shorter because
the refined transmission risk model of Weusten and col-
leagues™ also brings the likelihood of infectivity of a low
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viral burden or the 1Dy into the equation. Using a D of
approximately four HBY DNA copies (as found after reca-
libration of the viral load in a chimpanzee chalienge
plasma with a known infectivity titer® in multiple bDNA
assays'®), we estimated an infectious WP of 15.3 risk-day
equivalents with the Ultrio assay and an additional 1.3
risk-day eguivalents in the second ant-HBe—pasitive
WP, Compared to the calculated infectious WP for HIV
by ID-NAT (2.9 days} and the calculated infectious WP
for HCV by ID-NAT (1.3 days)," it is evident that there is
statlstically a greater probability that a blood donation wilk
be in an HBV infections WP relative ta thase of HIV and
HCY,

During the first 4 years of ID-NAT testing, SANBS
detected 2523 HBV confirmed positive donations in
315,488 first-time donations, a prevalence of 0.80%. Ln the
same period the incidence rate of acute HBV infections
was 254 in 2,303,103 repeat donations (1:9067}. In all
2,921,561 donadons 3007 HBV infections were confirmed,
¥ielding an infection rate of 0.10%., Of these confirmed
positive HBY infections, 336 donations were detected by
ID-NAT only and, of these, 149 were in the HBsAg-
negative WP, 177 were OBls, and 10 were unable to be
claselfied. Therefore, for 149 WP donations interdicted by
[D-NAT (rate, 1:19,600), only one donation was found to
be in the pre-ID-NAT WP and caused infection in the
recipient (1:2,00,000). We estimated the residual risk of a

- donation being in the first or second infectious WPs for

HBY in Sauth Africa to be 27.1 per millian donations
(1:36,800), This translates to 79.2 HBV transmission events
in the 4-yeas ID-NAT screening period or an estimated
19.8 HBV transmissions per year.

Why is the estimated residual risk far higher using
mathematical modeling than the ohserved transmission
rate? Several reasons may account for the 80-fold lower
observed transmission rate than the estimated WP trans-
mission risk: 1) A proportion of approximately 40% of the
transfusion recipients in South Africa have alseady been
exposed to HBV and are immune;* 2) the younger popu-
lation has, since 1995, been vaccinated in infancy against
hepatitis B;** 3) low levels of HBV that escape LD-NAT
screening can be easily neutralized by anti-HEs present in
simultaneously administered blood products; 4) the infec-
tious dose of HBV in ID-NAT-nonreactive WP danations
may notlead to clinically recognized HBV infections in the
majority of recipients since previous studies in prisoners
showed that the incubation time.and the occurrence of
clinical hepatitis B-was inversely correlated with the Infec-
tious dose;™ 5} HBV infection in lookback programs may
be underreported and underdiagnased for several reasons
among which is lack of pretransfusion sampling and for-
tuitous timing of HBV assays in posttransfusion samples;
6) the incubation time of HBV can be much longer when
HBV is present in immune complexes;" and 7] possible
reduction of the infectivity of HBV in stored RBC units.
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Many studies have focused on the transmission risk
posed by donozs with chronic QBLZ % So fay, twe lookhark
studies have been reported that indicate that the risk of
HBV transmission by low viral load occult HBEV carriers is
3% or less.®* The HBV transmission case in this report is
consistent with the premise that transfusion-transmitted
HBY is greater than 10-fold move likely to occur when the
donor is in a recent postexposure infectious WF compared
ta the presence of low-level viremia in OBL?® The risk of
HBV transmission by ID-NAT-screened blood donations
fram donors with OBl is considered to be very low, but
further systematic lookback studies are required to
confirmn this. ’

It has been suggested that the variation in analytical
sensitivity of the current Ultrio test system may not only
be HBV genotype dependent but alse individual strain
dependent."” In particular, a variation in relative sensitivi-
ties of HBV DNA detection on the Tigris system compared
to the Roche 5201 (Roche Molecular Systems) has been
.observed with Genotype A seraconversion panels.'” This
variation in sensitivity may have further contributed to
the lack of detection of HBV DNA on the initial ID-NAT
screening of the bloed donation in this HBV transmission
case. However, the comparison of the proportions of reac-
tive results in the WP transmission sample did not dem-
cnstrate a large difference in sensitvity between the
Ultrio, Ultrie Flus, and TagScreen assays, The HBV trans-
mission sample was not detectable 90% of the time in
replicate Ultrio assays, but would also not be detectable
67% to 83% of the time by the Ultrio Plus and TagScreen
assays in ID-NAT configuration. Clearly, [ID-NAT is not
sensitive enough to prevent HBV transmission by dona-
tions in the early window phase. Further studies are
required to determine whether [D-NAT is sensitive
enough to prevent HBV transmission by donors with QBT
In the South African high-prevalence setting of hepatitis B
a lpgkback program in recipients of donors, later identi-
fled as pccwlt carriers, can only provide meaningful results
if a control group of recipients that received blead from
antl-HBe-negative donors is alse subjected to the same
lookback procedures and the proportion of anti-HBe-
positive Teciplents in each group is compared to deter-
mine significant difference between the two groups. Sa far
such a compatison study of prevalence of HBV markers, in
particular anti-HBc, in recipients of bload from occult
HBV carriers and a noninfected control group has not
been undertaken.

This communication reports the first known case of
transmlssion of HBV by blood that had been screened by
ID-NAT and confirms that blood donations that test nega-
tive for HBY DNA may transmit the virug when the dena-
tion is in the infectious WE Transmission was confirmed
by the $9.7% sequence homology between the complete
genome sequences of both the donor and the recipient
viral strains. Our study has demonstrated that the intra-
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duction of ID-NAT has sigrificantly enhanced the safery of
the bloed supply in South Africa, but dees not completely
elirninate the transmission risk.
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Minimization of hepatitis B infection by a 25-year universal
vaccination program

Yen-Hsuan Ni'*, Mei-Hwei €hang'2, Jia-Feng Wu', Hong-Yuan Hsu™, Huey-Ling Chen'?,
Ding-Shinn Chen?
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Batkground B Alms:Hepatitis B virus (HBV) infection was
hyperendemic in Talwan before the implementation of the uni-
versal infant hepatitis B immunization program,; which was
lausiched Iny 1984. Five previous seraepidemiolegic surveys were
capducted at0, 5, 10, 15, and 20 years after the launch of the vac-
cipation program.
Methods: We enrolled 3332 subjects younger than 30 years of
age, with approximately 100 of them in each age cohort Subjects
were recruited voluntarily from schools and other institutions in
Taipel, a5 i previons surveys. RV serommarkers jnciuded hepari-
tis B surface antigen (HEsAg) and antibodies to HBsAg {anti-HBs)
and hepatitis B core antigen (anti-HBc). HBY DNA levels were
medsured in anti-HBc positive/HBsAg negative subjects [anti-
HEc anlyl.
Results: The HBsAg, anti-HBs. and anti-HBc seropositive rates
weere very different between subjects born after the program in
2009 and the baseline group in 1984 (0.9% ws. 10X 35.9% vs.
24.5%, and 7.0% vs 28%, respectively). [n this 6th survey, we
showed that HBsAg prevalence further decreased in the vacci-
nated cohors. A positive maternal HBsAg status was found in
a6% of vaccine failures. Serum HBV DNA was detected in 4.2%
(6/142) of anti-HBe positive/HBsAg negative subjects, with a
ferve Teved of HBY DNAL AL of these six subjects’ HBV were gena-
type C.
Conclusfons: The universat infant HEV jmmunization program in
Taiwan has completed its 25-year follow-up and its e(ficacy in
young adults is clear, The continued decrease in HBsAg preva-
_ lence suggests that the eliminaton of HBV infection is becoming
a reality.
'@ 12 European Association for the Study of the liver, Published
by Elsevier BV. All rights reserved.
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ingoduddon

The world's first nationwide hepatitis B virus (HBV) uiniversal vac-
cinatipn program for infants was launched in Taiwan in July 1924
(1. Al infants were mardated to receive scheduled HBV vacdina-
tions. !n addition. infants boen to hepatitis B e antigen (HBeAg) posi-
tive mothers received hepatitis B immunoglobulin (HBIG) 24 h after
birth {2]. Threugh January 2010, the coverage rate for infants who
compieted the 3-dose HBV vaccination program was estimated to
‘be UB.5% |nttp:}jwww.cic.gov.owlpublic/Dataj087 1442577 4.pdf).

‘We have serially performed five seromarker surveys in the
young people covered by the universal infant HBVvaccination pre-
graminTaipei City. The first survey was abaseline study conducted
just before the launch of the universal progratn In 1984 (31, and the
ansuing seroepidemiologic surveys were done every 5 years in
1980, 1994, 1399, and 2004 |4-7]. In children <1S years of age,
the seraprevalence of hepatitis B surface antigen (HBsAg) declined
from 10% [3] {pte-varcination era) to 0.6% after 20 years of univer-
sal vacdnation|7), Consistent with the decrease in chronic HBY
infection, the incidence of HEV-related pediatric hepatocellular
carcinoma {HCC) in Taiwan alse decreased [8]. From 1981 (o
1994, the incidence of pediatric HCC declived from 0,52 to 0,13
per 109,000 person-years. In 2004, the incidence of HCC in the -
0. 10-14, and 15-19 age groups decreased ro 0.15, 0.19, and 0.16,
respectively [5.10} -

The 25-year universal infant HBY vactination pragram has pro-
vided long-term pratection (> 20 vears), and subjects who received
a primaty vacciration did not require a universal booster [11].
Thpugh largely diminished, mother-to-infant transmission was
nat completely blocked by immunoprophyfaxis [7). The emerging
escape mutants caused some concerns, but they did not increase
the sisk of chronic infection [12). Occult HRY infection had
vecently attracted same attention. Even if subjects are HBsAg neg-
ative, they may harbor HEV DNA in serum or liver 13], in addition

" to the risk of transmission of infection to others, persons with

occult HBV infection are at risk of reactivation when they receive
chemotherapy er immunasuppressive theeapy [14,15].

This study will continue to maniter the HBY seroprevalence in
children and aduslts in the same area that has been surveyed for
the last 25 years. We aimed al eradicating HBV infection by tar-
geting all possible sousces of infections, lnduding mother-te-
infant transmissian and occult HBV infection,
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Patients and methods
Vaccinetian progrem

The HBV universal infant vaccination program was launched in Taiwan on fuly 1.
1984 {1]. Before July 1992, four doses of plasma-derived vacrine (Hevac B; Pas-
teur-Mérieux, iyon, France. or its equivalent decivative, Lifeguard bepatitis B vac-
cing; Hiin-Chu, Taiwan) were given to [nfants at 0.1, 2, and 12 months af age.
After July 1932, three doses of the recombinant vaceine H-B-Vax Il (5 na!
05 ml: Merck Sharp & Dohme, Rahway, N, USA} or Engerix-B (20 pgal ml;
SmithKline Beecham, Blxensart, Belgium) were administered ar <1.week
1 month, and 6 manths of age,

I adlition, all pregnanr wamen were screened for HBsAg. If HEsAg was posi-
live, hepatitis B e antigen (HBeAg) would be checked. HEIG 0.5 ml (100 IU) was
given within 24 after bitth to newboms of HBeAg positlie carsier mathers.
Decails of the vaccination program have been previausly described |2.15],

Study pepulaticn

From Jamuary to December 2008, serum samples were collected from 3332 appar-
eaty healthy individuals [M:F = 1696:1626) youager than 30 years of age. All the
subjects were recnited from schools, institutes, or warkplaces in Taipef Clty, the
same area in which the baselioe and follow-up semepidemioiogic shudies were
condescted. Tie study protaca! was sppraved by the Natiora! Taivan Uirversity
Hospital's Institutional Review Board.

The 3312 subjects cansisted of 290 chilfren <3 years of age enrolied from the
well-haby clinic and aursery room of the Department of Pediatrics, Natiotal Tal-
wan University Hospital, and one day—care center; 453 children aged 3-6years
from four Mndesgartens: 715 children aged S-11yearx from two alementary
echools; 595 adolescents aged 13-1B years [rom two middle schoots and one high
schael; 406 callege students aged 13-22 years from two universities; and sub-
jects aged between 22 and 29 years Incuding 495 graduate students fram the
graduate schoats of sur university and 378 new employees of two general hospi-
@ls and twa local commescial companies,

All the subjects were voluntarily recruited through poster advastisements, of
health staff invitations. Either the subjects themselves or their parents signed an
informed cansent and provided the vaccination history, which was tecorded in 2
health boaider distributed {0 each newborn by the Department of Health (DAaR), if
available. Because the HBY vaccination program dld nog include al) newboms
until 1988, only the vaccination histores of thase below 23 yeirs of age {born.

after 1986) were inchad: rigs, Once an HBsAp positve carrier was .

deteeted, we not only checked their vaccination histaries and family Kistories
pravided by the subjecis themzelves, but also verified their vaccination histories
vsing the HEV vaccnation database of the Oep of Health and

the family history by taking blaod sampler, if possible.

HBY serology

The prasance of serum HBsAg, its antibody (anti-HEs), and hepatitis B core anti-
body {anti-HBc) was tested in all the subjects (Abbott Laborataries, Naorth Chi-
eago, IL, USA), Anti-HBs 15 considered positive if the titer is 3 10 m IU{mt, The
maternal HBsAg status was also Lnvestigated, IFindicated.

HEV DA detectionfquantification

Ta elucidate any otcult HBY infection, we assayed BV DNA levels of ant-HBe
pasitive and HBsAZ negalive subjects, irespective of the presenca of ant-HEs.
HBY DMA viral load measurements were performed as described previously
117]. Briefly, HBV DA was extracted from 50 u of senmm and subjected 0 poly-
merase chajn reacrion (PCR). Real-time PCR measurement was performed using
the LightCy<ler analysis software, version 3.5 {Rothe Diagnostics Apptied Science,
Mannheim, Germany). KBV genocypes were analyzed by POR using type-specific
primess, as deseribed preqousdy 18],

Sraristics

Differences in Irequency between groups were examined using the Chl-square
test with Yates® correction or the Fisher's exact test, where appropriate, A g value
of <0.05 was deemed 2o indicate stalistical significance, A trend test was used 1o
evaluare the cohort srudy.

Results

The universal vaccinotion pragram signiffcantly decreased HBV
prevalence

HBsAg prevalence in this and five previous seroepidemiclogic
surveys showed a clear effect: subjects wha were born after the
implementatian af the univesal HBY vaccination program had
a low seropositive tate compared ta those born before the imple-
mentation (Fig. 1) The prevalence of HBsAg and anti-HBc in chil-
dren <15 years of age was C.5% (9/1651) and 2.9% (43/1550),
respectively. The prevalence rate of HBsAg in the population
£25 yeats of age, bomm in or after the year of the launch of the
program, was D.9% (Table 1). This is notably lower than that of
subjects aged 26-30 years, who were born before the vaccination
program (8.2%, 31/378) (p <0.0001, Chi-square test) (Table 1),
Overall, HBsAg anti-HBs, and ami-HB¢ Seropositive rates were
D.9%, 55.9%. and 7.0%, respectively, in subjects born after the vac-
cination program (<25 years old} in 2009,

N frtcrease it HRsAg frevalence with age By Sirth cofars

Table 2 lists the HBsAg seropositive rates of each birth cohort
born after the universal vaccination program, at different ages.
in the five sercepidemiologic surveys conducted in 1989, 1994,
1943, 2004, and in the present study (2009) [3-7). We did not
include the cohort of those born from 1984 1o 1986 when only
neanates born to HEsAg-carrier mothers received HBV imynuno-
prophylais. In the cohart barn dusing the period 1987-1928, a
trend towards a decrease of HSSAE positivity was abserved
22 years after the primary vaccination A similar trend was
dbserved in all birth cohorts across ali the surveys (Table 2),
Though the HBsAg seropositivity did not increase in these hirth
tohorts, the anti-HBc seropositivity, which is a surrogate marker
of - natural -infection,- i d dualf inal
follow-up {Table 3).

y in the Jongitud

16

HBsAg prevalence {%)

ST S :
NGRS PO q:\ﬁ?‘}w"i?"ﬂ‘:?

Aga [y}

FIg. 1. Age- ific ki itis B surface antlgen P ratesin 1984,1989,
1994, 1999, 2004, and 2004 in Talpei, Taiwan. In 1984, none of the subjecis were
mder universal vacelnation coversge. In 1989, anly children <5 years of age ware
covered. Subsequently. children less than 10, 15, 20, and 25 years of age wers
caverad by the universal vaccination in 1994, 1999, 2004, and 2009 respectively.
‘Those who ware barn before the implementation of thiz program had a higher
HBsAg carrier rate than thasa born after the implementating,
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Table 1. HBY 25 years after of tha uni v. In Taipei Taiwan: HIsAg pesitive and anti-HBc positive vates (%).
Aga No. persohs  HBsAG”® Ant-HEc alone Anti-HHC + Anti-HBs alone Negativity
) (95% CI) [@5% CY) anti-HBs 195% CI) {95% G

(95% CI)
<1 101 20 69 70.2 21.8 10
(1.7-2.3) (8.4-7.4) (69.4-71.2) (21.0-22.6) 0.8-1.2)
1-2 148 0 o] 248 B9.4 7.9
(2.5-2.8) (89.1-89.7} {7.6-B.2}
34 253 ’ Q o 1.2 715 21.3
{1.4-1.3) (77.2-77.8) {21.0-21.6}
-6 200 1.5 a 1.5 435 54.5
{1.4-1,6) {1.4-1.5} {43.0-44.0) {54.0-55.0)
78 206 0S5 1.0 1.5 55.8 413
{0.4-0.5) (0.8-1.1) (1.3-1.6) (55.3-56.3) (40.5-41.7)
9-10 181 V] o 21 39.2 58.6
{1.8-2.2) (38.8-39.8) [58.1-59.1)
1112 318 0,3 25 1.9 233 72.3
(0.3-0.4) {2.4-2.6) (1.8-2.0} (23.0-23.5) (r2.0-72.6)
1314 183 1.0 0.5 2.6 9.2 75.1
) 0.8-1.1) {0.4.0.6) (2.4-2.7) (18.8-19.6) (74.7-756)
4517 402 1.7, . 25 208 . 65.7
: (1.7-1.8} (2.4-2.8} (29.8-30.1} (65:4-65.9}
1819 221 14 23 43.9 61.1
{1.3-1.9) (2.1-2.4) (43.5-44.3) (50.7-51.6)
2021 185 I RN 22 - 514 449
- . T {20-23) - [50.8-51.9) (44.3-45.4)
2-23 297 1.7 4.4 64.6 273
{16-1.8) (4.24.5) (64.3-65.0) (27.0-27.6)
24 g o .9, ... B8.3 178 .
. N (10.3-11.5) (67.4-69.2) {17.1-18.6
Total 2857 11 80 509 45.9
: (1.9-1.9). (5.0-5.0 {50.9-50.9) {45.8-45.0)
25 o7 ‘a B 10.3 629 196
: (2.7-10.9) {61.9-63.9) (18.8-20.4)
26.27 199 0 9.5 70.4 148
3 (9.39.8) (69.9-70.8) {14.2-14.9}
2828 179 108 . 45 168 50,2, 17.8,,
- {108t AT ({13 (44.7-50.8} {17.5-16.3) .

“All HEsAg positive subjects were anti-HBe pasitive.

*WMegativily cepresents these subjects who were nagative for all three HBY seromarkers, i.e. HBSAZ anti-HBc, ang anti-HEs.

), confidence interval,

Saurces of HEV infection in voccine faiflures

We detected 25 HBsAg carriers bomn after the implementation of

negarive, Twenty-one of these 71 subjects were antl-HBc positive
and two of the 21 had detectable HBV DNA (4.7 x 10°, and
2.7 x 10° copies/ml), while one of the remaining 50 subjects

the universal infart vaccination Al were ronfirmed 1o
have received ar least three doses of hepatitis B vaccine based
en the subjects’ own records and the DOH databhase. The histories
of HBV infection in the families of these 25 subjects were investi-
gated. One subject declined the inquiry and the family histories of
twao subjects conid not be traced. Among the remaining 22 sub-
jects, 17 had a HBsAg carrier mothez {but not father), both parents
of two of them were HBSAE positive, and twa had a HBsAg carrier
father. Only ane subject had na family history of HBY infection,
hawever, he did have a history of blood transfusion during early
childhood. In other wards, 86.4% (1922} of the vacdination fail-
ures were likely related to the maternal HBsAg carrier status.

Detection of occulr HBY infection

Among the suhjects born after the launch of the universal vacci-
nation pragram (n = 2954}, 71 were anti-HBc positive and HBsAg

pesitive for both anti-HBt and anti-HBs was HEV DNA positive
(2.0 x 10? copies}m}). All three were genotype C and bom ta
HBsAg carrier mothers.

Among the 378 subjects born before the launch of the univer-
sal infant vaccination program, 71 were anti-HBc-positive and
HBsAg-negative. Nine of the 71 were anti-HBc positive and
anti-HBs negative, One of the nine subjects had detectable HEV
DNA (mixed genotypes B and C, 3.8 x 107 copiesfml). Two of
the remaining 62 subjects who were beth anti-HBc and anti-
HBs positive had detectable HEV DNA {13 x10° and
1.6 % 10° copiesiml, respectively) (Table 4}, Again. both were
genotype C. The family histories of these three cases were not
solicited.

Ocrult HBV infection was significantly more prevalent in sub-
jects born before the impiementation of the universal infant vac-
cination program than in thase horn after {3/378 vs, 3/2054,
p=0.003, Fisher’s exact test). The frequency of occult infection

Journal of Hepatology 2012 vol. x| soei-x0 3
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Tahle 2. HBSAZ seTopositive rates in birth enhorts born after the i

progeam in Gwve surveys d in 1989, 1934, 1999, 2004, and 2009,
Birth year 1989 184 1989 aom4 2008 pvalue*
N(%} OR N[%) CR N(%) ©R N(%) OR N(%) OR
{85% C)) {35% Cl) (895% CI) {95% C1) (5% €Y
19871988 3205 1 T1 0585 oi2as  © 714088 1,19 5262 131 0.07
(1.45) (081 (0.09-343) (q) (0-1.64) (174)  (0.33-36D) (1.91) (0.34.5.02)
1989-1993 - . 2574 1 7455 428 5116298 233 6595  2.91 0.19
(0.38) (1.54)  (0.81-29.8) (0.81) (0.62-9.53) (10%) (0.67-14.28)
18941998 - - - - w241 1 CBATI0  1.08 3606 113 1.00
(0.41) (045)  (0.47-B.57) (0.50)  (0.16-10.82)
19992003 - . - - - - AT 1 2479 0.88 1.00
0.47) (0.42) (0-3.79)
20042008 - - . - - - M1 9 2580 039, . 042
. {091 (0.36)  [0.054.29)
2009 - - - - S - . - 701 . -
. (1.98)
= Trecd test,

DR, 0dds’ ratie;, C1, confidence interval,

Table 3. Anct-HBC seropositive rates in birth cohorts born after the vactination program In four consecutive surveyt coidiicted in 1985, 18982004, and 1003,

Birth year 1994 1999

2004 2008 A valye*
N (%) OR N (%) OR N (%) [+ N (%) OR.
_ {95% C1) {85% CI) (95% CIj {95% CI)__
19871988 @34z - 1 Lo a@at - 03 7 ABBMOBETT T1TR CABIRGE T s B
2.6%) w" . 4.60) (0.92;3.4 FOE A R
1989-1993  11/604 1 221481 270 1496208 1.1 228 <0.001
o (1.82) (#77} {1.24-8.00) -{2.37) (©.71-2.40) (1.44-5.69)
19841808 - - B84 By 231790 L - 1685 <0061
: [3.73) [1:28) 014081 (3 {0.44-2.54)
19992003 - . - - 171478 1 117479 202 0.07
(1.15) : {230 10.96-4.27)
2004-2008 - - - v . B 12564 . .
: : (2,13}

"To avoid the interfs
DR, 0445’ ratio; €1, confidence interval

in the anti-HE¢-alone and anti-HBc plus anti-HBs groups, irre-
spective of the year af tirth, was 10X (3/30) and 2.7% (3/112)
(OR: 5.6: 95CI: 1.2-26.5; Fisher's exact test, p=0.036) respec-
tively. This suggests that the presence of anti-HBS may indicate
2 more complete protectian and a lower risk of HBV carrier status
than anti-HBc alone.

Discussion

In this 2009 survey, the seropaositivity rates of the subjects born
after the program were as follows: HBsAg 0.9%, anti-HBs 55,9%,
and anti-HBc 7.0%. In contrast, in the baseline 1984 study, HBsAg,
anti-EBs, and anti-HB¢ positive rates were 10%, 24.5%, and 28%,
respéctively [3] Therefore, the younger generations in Taiwan
20w Enjoy a low HBV prevalence. )
In the 2004 study, we found higher HBsAg (1.5%) and anti-HBc
(4.0} serapostive rates in subjects aged 15-17 years (1986-89
birth cohorts), and HBsAg and anti-HBc seropostive rates of 2,1%
and B.3%. respectively, in those aged 18-19 vears { 198436 birth
cohort) [?]. The 15-17 year old group in the 2004 study {HEsAg
seropuositive rate, 1,5%) is the same cohort as the 20-21 age group
in the 2009 study, which had an almost jdentical HBsAg sesopos-
itive rate (1.6%). The HBsAg seropasitive rate of the 18-19 age

bry maternal-transferred unti-HBc effect, we excluded data obtained in the Best yzar of lifs, A rend test was used,

group in 2004 was 2.1%, similar to the 2.0% in 2009, The relatively
higher HBsAg seropositivity of these two cohotts may be
explained by the lower coverage rates of HBY vaccination. A
nationwide seraepidemiclogic survey conducted in the G-year
ofd subjects in 1993 showed a hepatitis B vaccination coverage
rate (23 doses of vaccine] of 88.7% in the entire country [16]
According ta the data provided by the Taiwan CDC, the national
coverage rafe increased to 97% jn 2002 and later on (heep:)f
www.cde gov.tw/public/Dataj09714425771.pdE). The importance
of extensive primary vaccination coverage cannot be overempha-
sized. Such good coverage in infants could not be replaced ot com-
pensated by the later hoost program because the chronic infection
status'is established early in lfe, and cnly rarely In the adoles-
cence or young adutthopd.

The birth cohort analysis (Table 3) showed no increase in
HBsAg sernpositive rates in subjects aged >20 years. After the pri-
mary vacrination in infancy, 4 universal booster strategy may not
be necessary since the HBsAg seropositivity is not increasing [19-
2] Beyond early childhood, HBV infection is ustally associated
with a favarable outcome, The tisk of chronic HBV infection
decreases markedly with increasing age, with appraximately
25% of preschoel children and 2.7% of university students infected
|23,24]. One recent study showed that immune memory to HBY
vantives may have disappeared in some university students

4 Journal of Hepatology 2012 vol. xxo¢ | xxx-xxx

Table 4 Serum EEV DNA positivity ratesin subfects with eccult HEV infection:
anti-HEc positive and negative HEsAZ.

Posilive serum Anti-HBs (-} Ant-HBS (+) p value
HBY DNA and anli-HBG (+) and anti-HBc [+)
Birth cohort”
ARer (n = 2054) 221 1/50 015
Before{n=378) 119 2/62 0.27.

+2954 subjecis were born after the implementation of tha universal Infane vae-
cinatizn program in 1924 in Talwan while 38 subjscts were born before that
paioL These subjects were recruited from the general popuolation ax described in
the “Study population” section.

[25], This is consistent with pur observation that anti-HBc sero-
pasitivity, but not that of HBsAg, increased after this age.

Mpthear-to-infant transmission remains the most important
route of HBV acquisition in the past-vaccination era, A high vac-
cination coverage rate can rule out compliance as a concern for
new HBsAg carriage in Taiwan Intrauterine HBV infection {28)
2nd a high maternal viral load {27} are possible underlying causes
of vaccine failure in mother-to-infant transmission. Only a few
hotizontal transmitted infections remained in this study, perhaps
through close family contact or occult infection.

The prevalence of occolt HBV infection was about 0.1% (3/
2954) in a populagon under universal vaccination program cav-
efage, Occult HBV infection may cause problems in special cir-
cumstances, such as transfusion or organ donation. Once the
majority of the donor population is born alter the implementa-
tion of the universal program, we may exciude subjects with
pasitive anti-HBc 43 donors to minimize the risk of eccult HBV
infection. This scenario is expected to occur in the near future.
since most donors are young adults, The anti-HB¢ positive ratz
is now 6.2% in subjects aged <25 years, which is lower than that
(B0X) of the papulation not cavered by the vaccination program
[28].

To move toward the elimination of HEV infection, three Issues
raust be addressed: (1) elimination of infectious sources, {2)

interruption of all transmissinn routes, and (3} immunization of .

all susceptible individuals {29). The program we describe here
bas successfully addressed the third issue. With respect to the
first issue, the pool of infected praple has been markedly reduced
in the vaccinated population. An effective treatment strategy for
the eradication of the virus from all the infected persons is now
requlred. Most current treatments are unable ta achieve this goal
30} Concerning the second issue, the mother-to-infant transmis-
sion route must be interrupred, perhaps by administering antivi-
1a] agents to pregnant mothers {31]. In addition, patients with
HBYV infection, even the occult one, should be excluded fram
use in bléod transfusion and argan transplantation |32). Theillicit
drug user and sexual transmission routes should be handled by
general preventive measures and immesnization

Genotype B is dominantin Taiwan and outnumbers genotype €
at a 3.1 ratio [33]. Howewry, genoiype © Was prevalent in the
vaccination failure cases in our previous study £34], This study
demonstrated that genotype C predominated in occult HBV infec-
tions, HBeAg serotonversion in genotype C patients occurred dec-
ades later compared to thase with pther genatypes [33]. Genotype
C-infected pregnant mothers tend to be HBeAg positive and have a

high viremia; thus, these mothers are more likely to transsnit the

infaction to thejr infancs [34].

JOURNAL OF HEPATOLOGY

In conclusion, our data demonstrate that universal vaccina-
tion in infancy provides long-term protection against HBY infec-
tion. This strategy transformed a hyperendemic area into one of
low prevalence. Elimination of this infection in the next severai
decades is therefore feasible, Mother-to-infant transmission
remains the key route of vaccine failure that needs to be over-
come, To achieve complete caontrol of HEY infection, an effective
strategy for detecting all the vaccination failure cases is needed.
including accult infection, which would allow implementation
of an apprapriate treatiment as early as pessible.
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Abstract

Hepatitis B virus (HBV) is ane of the most important human pathogens. lts existence in food animals could presant
a significant threat to public health. Tre objective of this study was 1o determine if HBY s present in serum and
iiver of chickens. A total of 129 serum samples from broiter chickens were collected for the detection of HBY
antigens and antibodies, and 193 liver sarmples were tested for HBY DNA sequence by PCR and for the existence
of HBY antigens by immunchistachemistry. The owverall prevalence of HBsAQ, ant-Hes, anti-HBc was 28.68%, 53.45%.
17.05%, respectively, whereas HBeAg, anti-HBe were barely detectable. Three serum samples were found to be
positive for both HBsAg and HBeag. Further enalysis of these samples with transmissicn electron microscopy [TEM)
revealed two morpholegic particies with 20 nm and 40 nm in diameter, which were sirilar to small spherical and
Dares particles of HBY. The viral DNA sequence identified in two of the chicken livers shared 92.2% of one known
HBY strain and §7.9% nucleotide saquence of anather HBY strain. Qur results showed the existence of HBY in
chickens. This would present a significant risk to people who work with Iive chickens or chicken products if HBY
found In chicken coutd be confirmed to be the same as human HBV.

—

Background

Hepatitis B virus (HRY) is one of the mast important
human pathogens. Mote than 350 million pecple world-
wide are persistently infected with HRV and are at risk
of developing chronic liver disease, cirrhosis and hepato-
cellular carcinoma [1]. While vertical transmission of
HBV from mother to neonate always results in chranic
hepatitis, infection during adulthood results in lifelong
protective immunity [2]. Although measures such as
vacclpation have been taken for years, the prevalence of
HBYV has not been contrelled effectively, and it is still a
major threat to human health,

The HBY gename is & relaxed circular DNA of ~ 3
200 gucleotides and consists of full length of the nega-
tive sttand and a shorter positive strand. Serologic mar-
kers of hepatitis B virus infection include both viral
antigens {surface antigen, HBsAg, and e antigen,
HBeAg) and antibodies (anti-HBs, ant-HBc, anti-HEe).
HBsAE is the most frequently used to screen for the
pregence of HEV infection. The presence of HBeAg in a
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host’s serurn is associated with much higher rates of
viral replication and enhanced infectivity {3]. Detection
of ali the seralogic markers is meaningful for clinical
diagnosis of HEV in human.

Infection of HBV has already been documented in
non-human primates (NHPs)[4] such as chimpanzees
[5,6] and gorillas (7,8] in sub-Saharan Afeica; gibbons
and orangutans in South-East Africa [7.9). Epiderniologi-
cal stodies have shown a high prevalence of HBV infec-
tion in great apes, that js comparable to humarn
population in Gabon and Congo [7]. Furthermare, our
tean has found the existence of HBV in swine {10},
indicating the possibility of HBV Infection in food ani-
mals. Although there is currently no evidence that
human popuiatlon have been or are infected with foed
animal-associated HBV variants, existence of HBV in
faod animale deserves greater attention from researchers
and the general public. Chickens are widely consumed
by people all over the world, but it is not clgar whether
chickens have HBV infection. The ebjective of this pro-
ject was to determine If HBV is present in chickens.

Results
High percentages of the serum samples were found to
be positive for HBsAg (28.68%, 37/129), 2nti-HBs

© 2011 Tian el al; lkensss Sioked Cengrai Lid. This b an Open Access article distrbuted under the 1erms of the Crealive Cormimons
Atmripution License (hporeativecommonsorglicensesby/2.10), which pemits unrestrictad wse, distibution, and reproduction in
any medium, provided The original work is propery cited
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Table 1 Detection of HBY Magkers in Chicken Sarum
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Tahle 2 Detection of HBsAg and HBcAg in Chicken Liver

Samples Samples By I ! ical Staining {n = 183}
Samples  FPositive Samgples  Pritive Ratio HB3Ap HBcAg
il It i Positive samles {n) 106 8
Heshg 12 ¥ 2866 Pasitive Ratin (4 T a5
anti-+Bs 129 69 5340
::;;::C ,I:j = 22 L;'C;S (Table 2). Under the microscope, HBsAg was detected
in cytoplasm of hepatocytes, while HBcAg was mainly
sl 129 2 30 distributed in the nucleus of hepatocytes. In addition, a
HBsAg + 129 3 23

HBeAg

(33,4%%, 69/129] and anti-HBc (17.05%, 227128},
whereas HBeAg and anti-HBe was detected only in
4.65% (6/129) and 9.3% (12/129) of the samples respec-
tivel. Only three of the 129 serum samples were positive
for bath HBsAg and HBeAg (Table 1),

Further analysis of these serum samples with TEM
found that they cantained two types of particles, the size
and marphology of which were very similar to complete
and empty viral particles of HEV (Figure 1), The one
with a dlameter of 40 nm appeared to be HEV Drane
particle; and the other, with a diameter of 20 nm, was
similar to small spherical particles of HBV in human
Serums.

Immunohistochemical staining showed that tiver tis-
sues from chickens were positive for HBsAg and HBcAg

number of lymphocytes were found in the portal area
and amang hepatocytes, indicating that HBY was patho-
gehic ta chickens, and replication of HBV might be
responsible for the hepatitls lesions ohgerved in the sec-
tions (Figure 2).

Of the 193 liver samples, only twa were found to contsin
HBV DNA (Figure 3} of the same sequence (Figure 4),
This DNA shared 92.2% of the nuclentide sequence with
the known HEV strain EF157291 (Hepatitis B virus isolate
B3586-YKHD4, complete gename, fapan)(11) and 97.9% of
nuclentide sequence for the HBV strein ABO14397 (Hepa-
titis B virus genamic DNA, complete sequence, isolate
3BY20HCC, Japan)i12), respectively (Table 3).

Discussion

The present study is the first to repore high prevalence
of HBV infection in chickens, as indicated by the find-
ings that 28. 68% and 53.49% of the chicken serum

(

‘ &, T ARG B

100 nm).
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Figure 1 Observation of hepatitls B virus like particles in chicken serum with TEM. Arraws show HBV-like panicles (4, Bar 200 nm; B, Bar =
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Flgure 2 lmmuwhwtucherﬁkal analysis of HBsAg and HBCAQ bn liver tissues of chickens. HBsAg was distributed mostly in cytoplasm of
eparccytes (A, KKIxj, 3t HEcAg was distibuted mastly in 1he nucleus of hepatocytes [B, 400x).

samples were positive for HBsAg and anti-HBs, and
54,9% and 44.6% of the liver samples were positive for
HBsAg and HEcAg {Table 1, Table 2), Hepatitis B virus
has been reported in other mammals {arthohepadna-
viruges) and birds (avihepadnaviruses), Avihepadna-
vituses have been reparted in varicus duck species
(WMHBV), grey herons (HHBV), geese (GHBV), Ross's
goose (RGHEV), starks (STHBY), and cranes (CHBV)
[13-15]. However, there were no reports of chicken
HBYV in the literature. How did the chickens get infected
by HBY is unknown, Duck hepatitis B virus was the fitst
of its kind to utilize an avian host where it was found in
the bloodstream of an egg-laying duck. The virus was
passed on from the infected duck to the egg resulting in
congenital infection [L6). It is conceivable that the sarne
could happen with HEV in chickens. The fact that dif
ferent HB antigens and antibodies were detected in
some of the chicken serum and liver samples but not in

others might reflect different stages of HBV infections
in the chickens. lnterestingly, two types of viral particles,
found in serum samples positive for both HBsAg and
HBeAg, were similar to Dane particle and small spheri-
cal particle of human HBYV in size and morphalagy, pro-
viding morphological evidence of HBV infection in
chickens.

Immunohistochemiistey staining is 2 common method
for HBV detection [17], Others veparted that the marker
and intensity of hepatocytes staining positive far HBsAg,
as well as the cellular pattern of distribution, were
related to HBV replication in patients with HBeAg-pasi-
tive chronic hepatitis B (CHB). In general, HBsAg was
located in the cytoplasm, whereas HBcAg was predomi-
nantly lacated in the nucleus in livers of HBV infection
{18,19). In this study, positive signals of HBsAg and
HBtAg were both observed in liver specimens fram
chickens. Distribution pattern of the two antigens was

Negative contral; 3, 4 Liver samples.

Figure 3 Idemification of the PCR products of HBV in livers of ehickens by agarose gel electrophores|s. 1, 5: L2000 DA marker; 2
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the same as observed in HBV patients. Moreover,
inflammatory signs observed in some of the liver sam-
ples such as accumulation of lymphocytes in the portal
area and among hepatocytes saggest that HBY infection
could lead to pathological changes in the liver of chick-
ens. However, prevalence of HEsAg and HBcAg in liver
was much higher than HBV DNA detected by PCR
method. We found the same phenomenon in HEV
(hepatitls E virus) infection in swine and chicken (data
not show),

Alhough hepadnaviruses are usually host specific,
HBYV infections also occur fréquently in chimpanzee,
gorillas, gibban and other ape populations in sub-

Takle 3 Comparison of Amplified Sequences from the
HBV in Chickens with That from HBV EF157290 and
ABO14397*

Strain No. ChlickenHBY EF157290 ABO14397
ChickenHBv 1000 922 979
[114] 922 97.9
£F15725%0 83 a3 915
ABG14397 2.2 22 21

*The kdentites (%] a1¢ In the fght-up part of the table, and the divergences
(96) are in the left-gown part of the table.

Saharan Africa and South-east Asia where the HBY
infection rate in apes was remarkably comparable to
that of human population in these aveas [5-9]. Scientists
are cencerned about the ability of HBV to cross species
barriers. PCR detection in this study confirmed the exis-
tence of HBV In liver tissues of chickens. Although
HBV DNA was detected In only twa of the 193 liver
samples, the DNA sequences from the two samples
were identical, indicating the same HBV strain might be
responsible for the HBV infection in chickens. It was
not surprising that why HBV DNA was only detected in
two liver samples that were positive for HBsAg and
HBcAg by immunochemistry method, because HBV was
only detectable during the incubation period and many
of the chickens probably had passed that period.

Most HBY infection in human can be traced to neo-
natal transmission, drug-injectlon, sexual activity, er
occupational exposure. Other, causes of infection, less
frequent, include household contact, hemodialysis, trans-
mission from a swgeon [20], and a receipt of organ or
bload products. Hawever, far maore than 20%-20% of
patients, no clear risk factors counld be identified. The
high homology of DNA sequence of HEV from chicken
with the knawn human HBV strains is of concern from
a public health point of view, because it raises the

Tian et ol Virology Jousnal 2012, 9:2
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possibility that the HBV found in chicken could be the
same of a varisnt of HBV that is responsible for hepati-
tis B in human, Qur team has reported the presence of
HBV in anather food animal, the swine [10]. [t is very
common that people come into contact with food ani-
mals such as swine and chickens or food animal pro-
ducts. If chickens were infected by HBV, chicken meat
could become a source of infection for people who work
with it, especially when they have accidental cots in
their hands. However, it is premature to speculate that
HBYV infection in food animals such as chicken might
contribute to the spread of HBV among human popula-
tions. Further research is needed to confirtn how com-
mon HBYV infection is in chickens and whether HBY
can be passed from people to chickens and vice versa.

Conclusions

In conclusion, high prevalénce of HBV antigens and
antibodles was found in chicken serum and liver sam-
ples, indicating HBY infection in chickens. If the HBYV
found in chicken could be confirmed to be the same as
human HBY, HBV infection in chicken would represent
a very significant risk to people who work with chickens
ar chicken products.

Meathods ) N )

Broiler chickens (42 days old) were processed in a slaugh-
ter house in Beijing, following the standard “Chicken
Slaughteting Operation Procedures GB/T 19478-2004".
Elood was drawn from the jugular vein immediately after
the chickens were stunned by an electric shock. Serura
was collected after blood samples were allowed to coagu-
late and centrifuged, and was kept frozen at -20°C until
analysis. All serum samples were screened for hepatitis B
serological markers (anti-HBc, HBsAg, anti-HBs, HBeAg,
and anti-HBe) with respective enzyme-linked immuno-
gorbent assay (ELISA) kits (SIIC Kinghaw Biotech Co,

Ltd., Beijing, China) zccording to the manufacturer’s

recommendations. The absorbance was read at 450 nm
{Multiscan Titertek MCC). Blank, negative and paositive
cantrols were included on each plate.

To abtain ultrastructural evidence for the presence of
HBV-related viral particles in thickens, the three seram
samples found to be positive for both HBsAg and
HBeAg, were centrifuged at 4000 rpm for 1) min, then

- 0.01 M poly ethylene glycat 6000 (PEGG0M)) was added

into the subsequent upper agueous phase. After incuba-
tion overnight at 4°C, the serum was centrifuged at
20,000 rpm for 1 h, resuspended in PBS and stained for
1 min with 1% uranyl acetate. For the thin section
study, the fixative used was 2.5% paraformaldehyde-glu-
taraldehyde in 0.1 M cacodylate buffer {pH 7.4). The
sections were postfixed in 1% Os04 for 1 b, and treated
with 1% uranyl acetate, dehydrated in ethanol and
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embedded in Epon 812. All electron micrographs were
obtalned with JEV1230 transmission electron micro-
scope (JEOL Lid, Tokye, Japan) at 80 kV.

Liver samples were eollected when chickens were evis-
cerated, A portion of each liver sample was fixed in
2.5% (v/v) glutaraldehyde-polyoxymethylene solution
immediately with the rest frozen at -80°C for the detec-
tion of HEBV DNA sequence. The fixed liver tissue sam-
ples were dehydrated and embedded in paraffin wax,
Serial paraffin sections [4 um) were prepared and kept.
at 37°C for more than 12 h. The sections were
immersed in three consecutive washings in xylene for 5
min to remove paraffin, and then hydrated with five
comsecutive washings with aleohol in descending order
100, 95, 80, 70, 50% and deionized water respectively.
Sections were incubated for 15 min and blocked with
3% peroxide at room temperature for endogenous per-
oxidase ablation. The following steps were carried out in
a moist chamber, Sections were incubated with blocking
buffer (Zymed Laboratories nc,, San Diega, USA) con-
taining 20% normal goat serum {Gibeo) and 80% PBS
(0.01 M, pH 7.4) at room temperatuce for 30 min. After
discarding the goat serum, sections were incubated in
primary fmonoeclonal antibodies against HBsAg and
HBcAg (Zhangshan Golden Bridge Biatech Cao. Ltd,,
Belfing, China) diluted in PBS, for 2 b at 37°C. After rin-
sing for 3 times in PBS-T, sections were incubated with
the goat anti-mouse IgG conjugated with HRP (Sigma)
at 37°C for 40 min and rinsed 3 times in PBS-T. The
specimens were incubated with 3,3-diaminobenzidin
(DAB; Zymed Laboratories Inc) at room temperature for
10 min in the dark. Finally, sections were stained with
hematoxylin for 5 min after rinsing for 3 times in PBS-
T, dehydrated, and mounted with neutral gums. Sections
for the negative control group were prepared by the
samne steps as described above but with the HBsAg and
HBcAg antibodies replaced by PBS.

Liver tissues (50 mg) were homogenized in 450 pl of
Tris/NaCl/EDTA. After addition of MaDodSQ, (Sodium
dodecyl] sulfate) and proteinase K ta a final concentra-
tion of 1% (wt/vol) and 1 mg/ml, respectively, the
homogenates were incubated for 24 h at 42 ~ 48°C
before they were extracted with a phenol- chioroform-
isoamylol, 25:24:1 {vol/vol} mixture. The DNA was pre-
cipitated by adding 1/1C vol of 3 M NaOAc and 2 vol of
100% EeOH. After being centrifuged and washed with
70% ice-cold ethanol, the DNA was dried under vacuum
at roam temperature, It was redissolved jn TE buffer
and store at -20°C,

Two primers [21] were used to detect genetically
divergent strains of HBV (Table 4). Amplification condi-
tions for PCR was: 30 cycles of $4°C for 4 min; 94°C for
30 5, 58°C for 30 5, 72°C for 40 5, 72°C for 5 min. Nega-
tive {water) control was included in each detection to




Tian et al. Virolagy Sournal 3012, 9:2
httperww.virologyj om/cantent/4/1/2

Table 4 Primers Used in Detection of Hepatitis B Virus in
Chicken Livers

Sequence Losation Product Size
HBVs-F1 5-GEAT GTG TCT &6 5 gene 261 bp
HGTITTAY

HBWs-R1 S TITTTCACCTCTGOCTAATCA-3

exclude the possibility of contamination and failure of
amplification. PCR products were sequenced by BGI
(Beijing Genomics Institute, China}. The sequences were
compared to two known Japan HBV strains [11,12] in
the GenBank database over the Internet by using the
NCBI BLAST server [22).
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Tears From Children With Chronic Hepatitis B
Virus (HBV) Infection Are Infectious Vehicles
of HBV Transmission: Experimental
Transmission of HBV by Tears, Using Mice
With Chimeric Human Livers

Harukd Komatsu,' Ayana i, Tsuyoshi Sogo,' Akihiko Tateno? Reile Shimakawa,’ and Tomoo Fujisewa

"Division of Hepatolagy and Gastentarelogy, Department of Pediatrics, Eastern Yakah Hospital, Kanag Dep of Pediatrics, Toha
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(See the editorial commentary by Heiberg and Hogh, on pages 464~5)

Background. Body fluids such ag saliva, urine, sweat, and tears from hepatitis B virus (HBV) carriers are

potential sources of HBV transmission.

Metheds.  Thirty-nine children and § adults who were chronically infected with HBV were enrolled. Real-time
polymerase chain reaction was used for the quantification of HEV DNA. _

Results. HBV DNA was detected in 73.7% of urine samples {14 of 19), 86.8% of saliva samples (33 of 38),
100% of tear samples (11 of 11}, and 100% of sweat samples (9 of 9). Mean HBV DNA levels {+SD} in urine,
saliva, teats, and sweat were 4.3 * 1.1log capies/ml. 59 1 1.2 log copies/mL, 6.2+ 0.7 log copies/ml, and 52+
06 log copiesiml, respectively. A statistically significant correlation was observed between the HBY DNA level in
serum specimens and HBV DNA levels in saliva and tear specimens {r= 0.89; P < 001}, Tear specimens from a
child were injected intravencusly into 2 human hepatocyte-transplanted chimeric mice. One week after inocu-
lation, both chimetic mice had serum positive for HBV DNA.

Conclusions. The levels of HBV DNA in tear specimens from young children were high. Tears were con-
firmed to be infectious, using chimeric mice, Strict precautions should be taken against direct contact with body

fluids from HBY carriers with high-level viremia.

Hepatitis B virus (HBV) infection causes acute and
chronic liver diseases. Fortunately, HBV infection is a
vaccine-preventable disease, and as of 008, 177
countries (92%) have integrated HBV vaccine into
toutine jnfant immunization programs. However,
Japan and northern Buropean ¢ountries, where the en-
demicity of HBV is low, continue to implement an
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HBY Immunization sirategy that targets high-risk
groups, rather than a universal vaccination program
{1}. Nonetheless, HBV infection by sexual contact and
household contact daes occur in Japan [2-5). Children
with chronic HBV infection are usually asymptomatic
and have high-level viremia, Therefore, it is believed
that children with chronic HBV infection may be a
major tesecvoir for spreading HBV to other close
susceptible individuals [6-8]. This scenaric wauld
especially threaten the countries that adopt an “at-
risk” imumunization steategy [6, 9-13].

Buody fluids such as saliva, semen, urine, sweat, and tears
are also potential sources of HBV transmission. Several
studies have reported that HBV DNA. in these body

. fluids can be detected by polymerase chain reaction

(BCR) [9-18). Of thése body fluids, however, ondy serum,
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saliva, and semen have been demonstrated to bhe infectious in
humans or experimental animal models {19-21].

Ir: this study, HBV DNA levels in urine, saliva, tears, and
sweat were quantified by real-time PCR. Body fluid samples
were collected from HBV-carrier children and HEV-ecarrier
tothers. After quantification of HEV DMA levels for each
specimen type, we evaluated the infectivity of tears from HBV
carriers. Mice with severe combined immunodeficiency, carry-
ing a urokinase-type plasminogen activator transgene con-
trolled by an albumin promoter (WPA/SCID), and with
transplanted human hepatocytes have recently been used as
an appropriate animal medel for studying viral hepatitis due
to HBV and hepatitis C virus [22-24]. Using these mice, we
evaluzted whether tears from HBV-carrier children were
infections,

MATERIALS AND METHODS

Fatients and Materinls
Eligible patients were chronic HBY carriers who attended our
outpatient clinic. Their chronic HBV infection status was rou-
tinely evatuated by blood examination. Al of the patients were
asymptomatic. Serum, urine, saliva, tears, and sweat samples
were collected when possible from each patient.

Serum samples were collected in preparation tubes. Each
urine sample was collected in a sterile plastic tube. Saliva, tear,
and sweat samples were collected using an indicating FTA

‘Micre Card (Whatman, -GE-Healtheare;- Tokyo, Japan) znd-

sterile foam-tipped applicators (Whatman). When children shed
teats spontaneously, we collected tear samaples using the FTA
cards, Serum, urine, saliva, tear, and sweat specimens were col-
lected en the same day, Informed consent was obtained from all
patients or all patients’ parents. This study was approved by the
Research Ethics Committee of Eastern Yokohama Hospital.

HBY ONA Extraction and Real-Time PCR

HBV DA in serum was measured by COBAS TagMan HBV
DNA test, version 2.0 {Roche Diagnostics, Tokyo, Japan).
HBV DNA was extracted from 200 pL of urine, using the
QlAzmp DNA Blood Mini Kit (QIAGEN, Hilden, Germany).
HEV DNA was extracted from saliva, tear, and sweat speci-
mens that were spatted on FTA cards, using QiAamp DNA
Mini kit {QIAGEN). Three circlas were punched from the
FTA card by use of a single-hale paper puncher (Harris Micro
Punch 3,00 min, GE Healthcare) and were used for HEV
DNA extraction. The extracted DNA was dissolved in 100 uL
of elution buffer.

Quantification of HIEV DNA in urine, saliva, tear, and sweat
samples was performed using an in-house TagMan real-time
assay. The real-time PCR was performed using a genotype-
independent methed described previously {25]. PCR was
performed in an MX3I000F (Stratagene), and the results were

analyzed with MxPro software (version 3.0). The lower limit of
detection was >100 copies/mL. All assays were performed in
duplicate with negative control samples. This assay was standat-
dized using HBV DNA samples of knewn concentmtinns
measured hy the COBAS TagMan HBV DNA test and recombi-
nant plasinid coatrols. In this study, the standard of qualifica-
tion is based on the result of COBAS TagMan HBY DNA test.
Therefore, the conversion factor between HBV copies/mL and
HBV [UfmL is considered to be 5,82 copies/[U. Genotyping of
HBV was determined by the PCR-Invader assay [26).

Tear Specimen for Experimental Transmission

For experimental transmission, a tear specimen was collected
from a 10-month-old girl with chronic HBY infection. The
source of het HEV infection was mother-ta-child transmission
due fo the failure of prophylactic freatment. A total of 200 L of
tears were gently collected from her face when she cried, using a
LO-mL syringe. The 200-yL tear sperimen was diluted with
1300 yL of sterile saline, yielding a total volume of 1500 pL. The
specimen underwent filter sterilization with a 0.2-pum filter.

Inoeulation of Chimeric Mice With Livers Repopulated by
Humen Hepatocytes

Three male chimeric mice were purchased from PhoenixRio
(Hiroshirza, Japan). Homan hepatocytes were imparted from
BD Binscience {Wobwm, MAY, Of the 3 mice, 2 {mouse 101 and
mouse 102) were Inoculated once intravenously with 100 pL of
the sterilized tear sample. The remaining mouse (mouse 103}

* ‘was orally indeulated with 100 uL 6f the sterilized fear sample

every 4 weeks, After Inoculation, blood samples for real-
time PCR assay were collected from the chimeric mouse every
week

HBY DNA Exiraction From Mice Samples and Real-Time PCR

A total of 50 pL of whele bloed samples were callacted from
the mice every week after inoculation, and serum was sepa-
rated. Saliva and tear spacimens were colizcted from chimeric
mice, using FTA cards. HBV DNA was extracted from 20 L
of mouse serum, using SMI-TEST EX-R&D (Medical Biolagi-
cal Laboratories, Aichi, Japan). The extracted DNA was
dissolved jn 20l of nuclease-free water. HEV DMNA was
quantitatively measured using real-time PCR  with the
TagMan PCR Core Reagent kit (Applied Biasystems, Foster
City, CA). Real-time PCR. was performed in a 25-yL reaction
mixtare containing 0.125pl. Ampli Taq Geld with 0.2 pM
primers {forward primer; 5'-CACATCAGGATTCCTAGGAC
C-3 [nucleotides 166-186); reverse primer: 5-AGGTTGGTG
AGTGATTGGAG-3' [pucleatides 325-344]), 0.3 uM probe
(5"-FAM-CAGAGTCTAGACTCGTGGTGGACTTC-TAMRA -
¥ [nucleotides 242-267]), and 5 pl extracted DNA. The
nucleotide position was based on GenBank accession number
AB300361 (genotype C). After incubation fac 2 min 2t 50°C
and far 10 min at 95°C, the PCR cydling program underwent
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53 2-step cycles, one at 95°C for 20 seconds and the ather at
60°C for ¢ minute. TagMan PCR was performed with an ABI
Prigm 7500 (Applied Biosystemns). In this study, the volume of
serum collected from each mouse was 20 ul, which is a very
small amount compared with that used in human studies.
Therefore, we considered the upper limit of detection of
teal-time PCR for a small-volume sample to be >10000

copies/ml, which pravided us with mote reliable results. This
assay was standardized using mouse HBV DNA samples of
known concentrations and the recombinant plasmid controls,
as previously described {27].

Immunostaining far HBY Surface Antigen {HBsAg) and HBY
Cora Antigen {HBcAg)

[mmurostaining for HBsAg and HBcAg was performed on
frozen sections, using the Ventana i VIEW DAB detection kit
(Ventana Medical Systems, Tucson, AZ) and the Dako Envision
kit (Dako, Tokyo, fapan), respectively. Primary monoclonal
antibodies to HEsAg (Santa Cruz Biotechnology, CA), at a
1:100 difution, and polyclanal antibadies to HBcAg (Dako), ata
k:500 dilution, were used. Liver tissue was taken from mice after
they were euthanized, and the tissue was stored at —80°C.

Stanistical Analysis

Categorical variables were compared between groups, using
the Yates corrected #* test or the Fisher exact test. Noncatega-
rical variables were campared between groups by the Mann-
Whitney U test. For analysis of the correlation between log
HBY DNA level in serum and in saliva and tears, we used the
Pearson correlation coefficient. All tests were 2-sided, and a
P value of <05 was considered to indicate statistical signifi-
<ance, All statistical analyses were performed with StatMate 1V
for Windows (Advanced Technology for Medicine & Science,
Takya, Japan) and Microsoft Office Excel 2007,

RESULTS

Patients and Materials

Bretween August 2009 and September 2010, 39 children and 8§
adults who were chronically infected with HBV were ran-
domly enrolled in this study. Twenty-six subjects were male,
and 21 were female; the mean age (1SD) was 1241120
years, and the median age was 9 years (range, 0-47 years. The
47 HBV carriers fell into the following age groups: 0-5 years,
n=18 (16 were HRV e antigen [HEVeAg] positive); 6-10
Years, n=11 {3 were HBeAg positive); 11-19 years, n=9 (7
were HBeAg positive); and 20-27 years: n=9 (7 were HBeAg
positive). OF the 47 patients with chronic HBV infectian, 39
were positive for HBEeAg, In addition, 39 patients had serurn
HBY DNA levels of 6 log copies/mL. One, 6, and 40 patients
were infected with genotype A, genotype B, and genotype C,
respectively. Serum samples were collected from all patients.

From the £7 patients, we collected 19 urine samples, 38 saliva
samples, 11 tear samples, and 9 sweat samples. One subject
provided urine, saliva, and tears only; 3 provided urine, saliva,
and sweat only; 10 provided urine and saliva only; 10 provided
saliva and tears only; 1 provided urine and sweat only; 1 pro-
vided saliva and sweat only; 4 provided urine only; 13 pro-
vided saliva only; and 4 provided sweat only. Samples were
collected individually at the same time. The characteristics of
body fuid samples are shown in Table 1. There were no sig-
nificant differences in sex, the number of patients with a
serum HBV DNA level of >6 log copies/mL, and the preva-
lence of genotype C amang patients supplying different types
of samples. However, there was a significant difference in the
age of patients supplying the different kinds of samples.

HBV DNA Detection in Body Fluids

All patients were positive for HBV DNA in serum by the
COBAS TagMan HBV DNA test. The levels of serum HBV
DNA ranged from 2.1 log copies/mL to >9 log coples/ml. The
median HBV DNA level itx serumn was 59 log copies/mL. HEV
DNA was detected in 73.7% of urine specimens {14 of 19),
B6.8% of saliva specimens (33 of 38), 100% of tear specimens
(10 of 11), and 100% of sweat specimens (9 of 9 (P=.07). In
patients- with a high viral load (ie, >6log copies/ml), HEV
DNA was detected in 85.7% of urine samples {12 of 14}, 100%
of saliva samples {32 of 32}, 100% of tear samples {11 of 11),
and 106% of sweat samples (9 of 9) (P=.24). Although the fre-
quency of HBV DNA detection in urine was slightly lower than
that in other bady fluids, there were no significant differences
in the frequency of HBV DINA detection among body fluids.

Quantification of HBY DMA From Rody Flrids

Figure 1 shows the levels of HBV DNA in bedy fluids. Mean
levels (2SD) of HBV DNA in urine, saliva, tears, and sweat
specimens were 4.3+ 1.1log copies/ml, 5.9+ 1.2log copies/
ml, 62+£0.7log copies/ml, and 52+06 log copies/mL.

Table t. Characteristics of Body Fluid Samples

Body Fluid
Urina Saliva Tears Sweat

Charactensﬂc In _191 In= 38:- n=11) =5 P

* Significant differance batween ufing and saiiva, between uring and lears,
betwasn salhva and sweat, and betwesn 1ears and bweal.,
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HEY DNA {log Fopics/ml.)
L8] w F-Y n -3 ~b « R -1

Figura 1. Hepatitis B virus [HBV) ONA levels in vrine, saliva, tear, and
sweal specimens from 47 patients. The levels of HBY DNA in urice
samples were significantly lower than thosa in saliva, tear, and sweat
samplas {P<.05). The bar indicates tha mean of the lavels of HBY ONA.
SDs are indicated by vertical bars.

respectively. Levels of HEV DNA in urine were significantly

Jower that titze ind other body Huids Tevels of HEV DNA in

body fluids fram patients wha had a high virl load (ie, »9 log
coples/mL] in serum are shawn in Figure 2. Mean levels (£$D)
of HEV DNA in urine (n=10 specimens), saliva (n=23),
tears (n=8), and sweat {n=8) were 44+ 0.9 log copies/mL,

HBY DNA {log copivs/imk)
WOy - ol

[ R T A

Figure 2. To adjust serum hepatitis B virus IHBY) ONA levels amnng
groups, wa show the HBY DNA levels in urine, saliva, tear, and sweat
samples from patients whese levels of HBY DNA in serum were =9 log
copies/ml. Altthough @ sigrificant difference in H8Y DNA levels between
urine and sweat specimens was not present, HBY DNA levals in urine
specimens wem significantly lower than those in saliva and tear soech-
mens (P<.05) The bar indicates the mean of the levels of HBY DNA.
SDs am indicated by vertical bars.

6.4 £ 0.9 log copies/mL, 6.4 £0.9 log copies/mL, and 5.3 £0.6
log copies/mL, respectively, Even after the HBV load in serum
was well matched, the HEV DNA levels in urine specimens
were significantly Iower than those in saliva and tear
specimens.

Although there was nao significant difference in HEV DNA
levels hetween saliva, tears, and sweat specimens from patients
with high viral load in serum, the quantification of HEV DNA
it saliva and tear specimens showed almost the same levels
(Figure 2}. Levels of HBY DNA in the 11 pairs of saliva and
tear specimens are shown in Figure 3. Mean HBYV DNA, levels
(£5D) in saliva and tear specimens were 6.1 + 1.0 log copies/
mL and 6.2+08log copies/ml, respectively. The levels of
HBY DMNA in tear specimens were as high as thase in saliva
specimens.

The association between the levels of HEV DMA in serum
specimens and in saliva and tear specimens was evaluated.
Because the upper detection limit of the COBAS TagMan
HBEV DNA test was »9 log copies/mL, we used data from
patlents in whom the lzvels of HBY DNA in serum ranged
from 2.9 to B.8leg coples/mL. Data from 15 patients {15
serumn samples, 15 saliva samples, and 3 tears samples) were
available for the correlation alysis. A significant cotr
was observed in the levels of HEV DNA between serum
mens aznd saliva and tear specimens (r=0.88; P <.001)
(Figure 4A). The refationship between HBV DNA in serum
specimens and HBV DNA in saliva and tear specimens was
deseribed as follaws: [log HBV DNA load in saliva and tear
specimens] = ~3.23 + 106 x {log HBV DNA load in serum
specimens]. On the other hand, there was no significant

Wol sighifeant

a=1l

HBY DNA {log copiesinl.)
w
i
*
--I—

Seliva Tears

Figure 3. Hepatitis B virus (HBVI ONA levels in saliva and tear
samples thal were paired. Both groups showed the same HEV DNA
levals. The bar indicates the mean of the levels of HBY DNA. SDs ae
indicated by vertical bars.
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Figure 4. A The association between hepatitis 8 virus (HBV) DNA levels in serum samples and saliva and tear samples {n = 18). Data from patients
whase levels of HBY DNA in serum ranged fram 2.9 to 8.8 og copies/mL wers used for analysis, There was a significant corelation hetwean HEV
DNA levals in serum specimens and saliva and tear specimens {r=0.88 P<.001). £ The associstion between HBY DNA levels in serum and uring
samples {n=3]. Data from patients whose serum HEV DNA levels fanged fram 2.1 to 9.0 (og copies/mL wers used for analysis, There was no significant
correlation batwaen HEY DA lovels i serum and wine speomens fr=04%; P=10)

association between HBV DNA loads in seram and urine
specimens (HBYV DNA levels in 9 serum specimens ranged
fram 2.1 to 8.6 log copies/m1; r=0.39; P= .30} (Figure 45).

Transmission of HBY by Tears

The level of HBV DNA in tear specimens collected from a 10-
month-old girl (genotype C: serum HBV DNA Joad, »3.0log
copies/mL) were 7.1 log copies/mL. The final concentration of
HBV DNA in filter-sterilized teav specimens was 6.1 copies/ml.

~ 121
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Dayg eftcr Inlravancus fnotulation

Figure 5. Hepatitis B virus (HBY) DNA levsis In serum from chimeric
mice aftar intravenaus inoculation with tear specimens. The level of HBY
ONA in a tear specimen collected from a girl with failure of immunopeo-
phylaxis [HBV DMA load in serum, »8.0%oq copies/mL} was 7.1 log
copies/ml. After sterilization, tha final concentration of HBY DINA in the
tear sample was 6.1 copies/mL. One hundred microliters of the tear
specimen was injected intravenously into chimeric mice,

A total of 100 UL of the filter-sterilized tear speclmen was in-
jected intravenously into 2 chimeric mice, One week after inocu-
lation, both chimeric mice became positive for KBV DNA in
serum {na. 1 had an HBV DNA level of 5.2 log copies/mL,
and ne. 102 had an HBY DNA level of 5.1 log capies/mL). The
levels of HBV DNA in serum from the chimeric mice gradually
increased with time. Seven weeks after inoculation, the levels of
HEV DNA in serum from the chimeric mice increased to 9 log
copiesiinl and remained at this level thereafter (Figure 5}, Saliva
and lacrimal fluids were collected using FTA cards at day 80
{for mouse 101) and day 91 (for mouse 102). Alhough HEV
DNA was extracted from a very small spot {1 pinched-out circle
from the FTA card), the kvels of HEV DNA were 44 lag
copies/mL (in saliva) and 4.5 copies/mL (in lacrimal fuids) in
mouse 181 and 40 log copies/mL (in saliva) and 4.3 1og copies!
mL (in lacrimal fluids} in mouse 102, The remaining chimeric
mouse (mouse L03) was orally inooulated with 100 pL of the
filter-sterilized tear specimen. Unfortunately, we had to discon-
tinue oral administration because of the deterjoration of the
muouse’s health 35 days after inoculation. The chimeric maouse
{mouse 103) had been inoculated orally twice (on days 0 and
28) before discontinuation. Real-time PCR performed 6 times
(on days 0, 7, 14, 21, 28, and 35) detectsd no HBV DNA in
serum,

Immunohistalogical Analysis of Liver Tissize for HEV Antigens

Immunchistochemical staining was performed on a liver
specimen from the mouse with HBY viremia {(no. 101). The
hepatocytes were positive for HBsAg and HicAg (Figure 6).
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Figure . Immunchistological staining for liver tissue with antibodies ta hepatitis B virus |HEV) surface antigen (HBsAg} and HBY core antigen
(HBcAp). A, HBsAQ was expressed on cytoplasmic membrana (ariginal magnification 400}, 8, HBcAg were exprassed in nucies of hepatonytes foviginal

magnification »400}. Amows indicate the ruclei of HBeAg-positive staining.

These findings indicated that HBY transmission from lears
could be replicated in a human Yver chimeric mouse model.

DISCUSSION

Alhough it has been reported thas HEV DINA was détectable
by PCR in tears from chronic HBV carders [11, 17], tears
have been considered to be low risk for HBY transmission,
However, this study demonstrated that tears from children
chronically infected with HBV were highly infections. HRV
DNA from serum could be detected in both chimeric mica 1
week after inoculation. Moreover, the levels of HBY DNA in
serum continuously increased and reached the upper kmit of
the PCR assay 7 weeks after Inoculation. A previous study
showed that chimeric mice usually became positive for HBY
DNA in serum 4 weeks after intravenous inoculation with
seturn from HEBV carriers {28]. The levels of HBV DNA in
tears used for this study were much higher than those
in serum wsed in the previons study, Therefore, BV DNA in

. serum from the chimeric mice bacame detectable quickly after

inoculation. .
Recent studies measuring HBV DNA In body fluids from
HBV carriers have been conducted in the Netherlands,
Sweden, and Denmark. Including the present study, all studies
‘ate from countles in which a selective HEV immunization
pragram has been implemented [9-13]. Clearly, physicians
frora these countries are keen to know whether various body
fluids might be sources of HBV transmission, Additionally,
physicians are concerned that a vaccinatlon strategy that
Focuses on at-risk groups is ineffective for prevention of HBV
infection. Although recent studles have shown that HBY DNA,
in urine, saliva, tear, and sweat specimens from chronic HBY
carriers was detectable by PCR, these studies did not show
that body fluids from chronic HBYV cariers were infectious in

animal experiments. Approximately 30 years ago, the infec-
tivity of semen and saliva from HEV carriers was proven by
experimental transmission, using gibbans {20, 21]. Since then,
no other body fluids have been evaluated for infectivity. This
study is the first to confirm that tears are infectious sources of

“HBYV.

Tears are presamed to originate from circulating blood.
HBY DNA was first detected iny tears in 1994 by PCR. In 2
previous study, tear specimens from 47.1% of HBV cartiers
(16 of 34) were positive for HBV DNA [17]. In 2006, a pre-
vipus study measured HBV DMA in paired saliva and tear
specimens. Of 7 patients with chronic HBV infection, 4 (57%)
had tear specimens that were positive for HBV DNA. The
levels of HEV DA in tear specimens ranged from 0.2 x 10°
to 14x 10" coples/ml {11}, Compared with the previous
study, the levels of HBV DNA in tears were relatively high in
this study. There are 2 possible explanations for the difference
in HBV DNA levels between these studies. First, the majority
of the patients supplying tear samples in our stady were very
young children (median age, 1 year). Young children with
chronic HBV infection are asually in the immunotolerant
phase and have a high viral load. Second, the FTA card was
effective at collecting body fluids and extracting DMA.
Although the number of tear samples was small, this study
demonstrates that tears, as well as saliva, contain = large
dmount of HBV DNA. Interestingly, HBYV DNA in lacrimal
fluid and saliva could also be detected in the chimeric mice.
These findings suggest that tears, like saliva, have the potential
to transmit HBV.

Among body fluids, the highest levels of HBV DNA are de-
tected in blood. However, HBV DNA can alsa be detected in
urine, saliva, tears, and sweat, In this study, HBV DNA was
detected in a high proportion of body fluid samples. Tn
sddition, there was a statistically significant correlation in the
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levels of HBV DNA between tear and saliva specimens and
serum specimens, in which [log HBY DNA level in saliva and
tear specimens] =—3.23+1.06x flog HBV DNA level in
serum specimens), Similarly, previous studies reparted that
the levels of HBY DNA i saliva specimens were significantly
related to the Jevels of HEV DNA in blood specimens. In this
study, however, the levels of HBV DNA in urine specimens
were not sigificantly associated with the levels of HBV DNA
in sertm specimens. The kvels of HBY DNA in urine
samples were significantly lower than those in sativa and tear
samples. This finding is alsa consistent with that of a previous
study [13]. We cannot provide any clear explanation why the
levels of HBY DNA were lower than those in other body
fluids. Further studies are required to study nat only the infec-
tivity of urine but also the mechanism of the reduction of the
HBV DNA level in urine.

It has been known that the oral administration of serum
from HBV carriers causes HBV infection [15). After we con-
firmed the infectivity of tears through the intravenous youte,
tears were administered arally to 4 chimeric mouse. Although
both transmission routes were investigated using the same
sample, this study, like previous animal mxperiments [20, 21),
failed to demonstrate that HBV infection accurred through an
oral route; unfortunately, the period of observation was not
sufficient 1o evaluate the infectivity of tears. We tried to detect
HBV DNA in the Yiver of chimeric mouse 103 after discon-
tinuation of oral administration of tear specimens, but HEV
DNA was not detectable in the liver by real-time PCR (data
oot shown).

There are few studies that have measured the levels of HBV
DNA in sweat specimens from chronically infected patients. A
previous study quantified HBV DNA levels in Olympic wres-
tlers, who were negative for HBsAg but positive for HBV
DNA in blood [14], In the previous study, a statistically sig-
nificant relation between the Jevels of HBY DNA in blood and
sweat was observed. In the present study, all sweat samples
were positive for HBV DNA. In addition, the levels of
HBV DNA in sweat specimens were high {mean level [£SD],
5.2+ 06 log copies/mL). Therefare, sweat from HEV carrers
might also bave the potential to cause horizontal HBV

. infection.

The U5 Centers for Disease Control 2nd Prevention con-
siders that the risk of transmission in child-care settings is
very low [29-31], However, [reland, Naorway, and Sweden have
a policy that children shauld be immunized if another child in
a day care center is positive for HBsAg, This study showed
that varlous bedy fluids from young HBV carriers have a high
concentration of HBY DNA. Previous studies have reported
that 10% of HBV particles are infectious [32]. Therefore, all
body fluids from HBV carriers should be considered to be in-
fections, and HBV vaccine showd be recommended for day
care staff.

In conclusion, HBV DNA was detected at high proportions
in urine, saliva, tear, and sweat specimens from chronic HRV
carriers. The levels of HBV DNA in saliva and tear specimens
from young children were extremely high. In addition, tear
samples from a child with chronic HBV infection were con-
firmed to be infectious, using chimeric mice. Althaugh the
HBV transmission risk between young children in nurseries
or day care centers may be limited, strict precautions should
be taken against contact with body fluids from HBV carriers
with high-level vitemia, especially in counties implementing
an immunizing program focused on individuals at-risk for
HBYV infectian,

Notes

Financlal support. ‘This work was supported by the Ministry of
Health, Labor, and Welfare af Japan.

Potential canflicts of interest.  AM authors: No reported condlicts.

All authors have subraltted the ICMJE Form for Disclosure of Potential
Conflicts of Interest Conflicts that the editors consider eelevant 1o the
cantent of the manuscript have been disclosed.

Refersnces

L. Zuckerman ], van Hattam ), Cafferkey M, ¢t al. Should hepatitis B
vaccinatlun be introduced into childhood immumisstion programrmes

1o northeen Burope? Lancet Fnfect Dls 2007; 7:410-9.

Aomatsu T, Komatsu H, Yoden A, et al. Fulminant hepatitis B and

acute hepatitis B due to intrafamilial transmission of HBY afiter che-

motherapy for non-Hodgkin's lymphoma in an HBV carrier. Eur H

Pediatr 2010; 169:167-71.

Komatsu H, Inul A, Sogo T. Hiejima B, Kudu N, Bujisawn T. Souree

of transmission in children with chronic bepatitis B infection after the

implementation of a strategy for prevention in those at high risk

Hepatol Res 200%; 35:569-76.

4. Komatsu H, Sugewar H, [nui A, et al. Does the spread of hepatitis B
virus genotype A increase the risk of intrafomllial transmissicn in
Japan? ] Infect Chemother 2011; 17:272-7.

5. Yano K. Tamada Y, Yatsuhashi H, t al Dynamic epidermiology af

acute viral hepatitis in Tapan. Interviralogy 2010; 53:70-5.

Davis LG, Weber D], Lemoa SM. Morivontal transmisston af hepatitis

B virus. Lancet 1989; 1:B89-53.

Shapiro €N, Hadler ST, Hepatitis A and hepatitis B virns infections

in day-care settings. Pediatr Ann 1991; 20:435-41.

8. Williams 1, Smith MG, Sinha D, et al Hepatitis B virus transmission

in en elementary school petting. JAMA 1997; 128:2167-9.

van der Eijlk AA, Niestars HG, Gotz 1M, £t al. Paired measurements

of quantitative hepatitis B viras DNA In saliva and serura of chyonic

heparitlt B patients: impli for saliva as inf agent. } Clin

Virol 2004; 19:92-4,

10. Heiberg IL, Hoegh M, Ladclund 5, Nissters HG, Hogh B. Hepatitis B
virus DNA i saliva from children with chronic hepatitis B infection:

" implications for saliva as a potential mode of horizontal transmissi
Pediatr Infect Dis T 2014); 29:465-7.

LL. Kidd-Ljunggren X, Holmberg A, Blackberg J, Lindqvist B. High levels
of hepatitis B virus DNA in body fluids from chronic carciers. | Hosp
Infect 2006; 64:352-7.

12. Knutsson M, Kidd-Liunggren K. Uring from thromic hepatitis B virus
carriers: implications for infectivity. | Med Virol 2000; 6¢:17-20.

13. van der Eijk AA, Micsters HG, Hansen BE, ot ol Paired, quantitative
measurcments of hepatitiv B virus DNA in safiva, urine and serom of
chronic hepatitic B patients. Bur | Gastmentem| Hepatol 2005
17:1173-9,

12

-

-

b

w

484 » [ID 2012:306 (15 Augost) « Komatsu et al

L4. Bereket-Yucel 8. Risk of hepatitis 8 infections in Qlympic wrestling.
Br [ Sports Med 2007; 41:306- 10; discussion 310

L5. Hui AY, Hung LC, Tse PC, Leang WK, Chan PK, Chan HL. Trans-
mission of hepatitis B by human bite—confirmation by detection of
vinis in soliva end foll genome sequencing ] Clin Vieal 2005;
33:254-5,

16. Marle-Cardine A, Mouterde G, Dubuisson §, Buffer-Janvresse C,
Mallet E. Sallvary transmission in an intrafamilial cluster of hepatits
B. ] Pediatt Gastroenicrol Nutr 2002; 34:227-30,

17. shida K, Kakn M, Irifune K, et al. In-vitto and lo-vivo activity of a
new fuinolone AM-1155 sgainst Mycoglasma praumaniae, | Antimi-
crob Chemather {994; 34.875-83.

18. Noppornpanth 5, Sathirapongsasuti N, Chongsrisawat ¥, Foovorawan Y.
Detection of HbsAg and HEV DNA in serum and saliva of 1BV car-
tlets. Southeast Asian ] Trap Med Public Health 2000; 31:415-21.

19. Krugman S, Gies JP, H dJ.1 hepatitis. Bvidence for

24.

25,

26, Tadokero K, Kobayashi M, Y:

27,

28.

MNoguchi C, Imamura M, Tsuge M, f al. G-to-A hypermutation in
hepatitis B virus (HBV} and clinical course of patients with chronic
HBYV infection. ] Infect Dis 2009; 159:1599-607.

Léu ¥, Hussain M, Wong §. Fung SK, Yim HJ, Lok AS. A genotype-
independent real-time PCR agsay for quantification of hepaiitis B
viras DNA. ] Clin Microbiol 2007; 45:553-8,

guchi T, ¢ al. Classification of hepa-
tis B virus genorypes by the PCR-Inveder method with genorype-
specific probes. ] Viral Methads 2006; 138:30-9.

Abe A, Inoue K, Tanaka T, ct ol Quantitation of hepativs B virus
z DNA by real-time d PCR. | Qlin Microbiol 1999;
3T.2899-203.

Tabuchi A, Tunaka [, Katayarma K, et al. Titration of hepatitis B virus
infectivity in the sera of pre-acute and late acute phases of HBV infec-
tion: transmnission &xperiments ta chimeric mice with human Jiver

twa distinctive clinical, epidemiological, and immunological types of
infection. JAMA 1967; 100:365-73.

20. Bancroft WH, Snitbhan R, Scott RM, et al. Transmisslon of hepatitis
B virns to gibbons by exposure 1o human saliva containing hepatitis B
surface antigen. [ Infect Dis 1977; 135:79-85.

21. Scott RM, Snpitbhan R, Bancroft WH, Alter H], Tingpalapong M.
Extpetimental transmission of hepatltis B virus by semen and saliva ]
Infect Dis 1980; (42:67-71.

22. Tanska Y, Sanchez LV, Sugiyama M, et al. Characteristics of hepatltis
B virus genotype G coinfected with genetype H in chimetic mice car-
rying human hepatocytes, Virology 2008; 376:408-15.

23. Kwrbanov E, Tanaka ¥, Chub £, ct el Molecular épidemiclogy and
interferon susceptibility of the anturs] seeombinant hepatitis C vicus
strain RFL_2k/1b, J Infect Dis 2008; 198:1448-56.

29,

30,

3L

3

a

populated | yies. ] Med Virol 2008; 80:2064-8.

Weinbaum €M, Willams 1, Mast EF, et al. Recommendatlons for
identificatinn and public health managensent of persons with chranic
hepatitis B viras infection. MMWR Recomm Rep 2008; 57:1-20.
Mast EE, Margolis HS. Fiore AB, et al. A comprehensive immuni-
zation sirategy to climinate iransmission of hepatitis B virus infection
in the United States; recommendations of the Advisory Committee on
Imrsunization Practices (ACIPY part 1: immunization of infants, chil-
dren, and adolescents. MMWR Recomm Rep 26005; 54:{-31.

Shapiro CN. McCalg LE, Genshetmer KF, et al Hepatitis B virns trans-
misgion between childien in day care. Pediate Infect Dis 1989 6:670-5.

. Heermaon ¥H. Gerlich WH, Chudy M, Schasfer 5, Thomssen K.

Quantitative detection of hepatitis B virus DNA in two international
reference plasma prepacetions. Eurchep Pathobiology Group. | Clin
Microbiol 1999; 37:68-73.

HBV From Tears Infects Chimeric Mice » JID 2012:206 (15 Angust) « 485




Mo, §

AR 21

EfRSH BIREE RERSE

Aﬂ. oo o
# HIE
%mm e KR
mmwa. mm mmo mummM
it 155 X535 <®Q
e wf_..#y T 1 |7 A
o S e sRE 9g¥
= S6{HE E£= fyE
@ g% 5% EE5 5u¢
4 ¥ maeduy xEf
8 iR ERER BRC
e =¥ Fra ﬁﬁ
%8 o L g8 RR KB Bl
oy % Ba ®z Moab,g &3 k4
S ol % BB § ERZH BE N
s T Y I e i g
v 2@ 08 HRDAES HA RN,
B .5 =4 5 o WY
B JyE 5 |5d CF PehEgTet HhE
g | ifzef [°F T Einsdidz N8E
FUCTE  my LR ERUNELRS 6z LR
eEdAY MR N1 Rgyaiiim b
Mol 280455 [BE 25 I soG7h% RBLEY
Wl gEgEy [EE XD EprabEgs R
Sol g82=2% [z S§ Zgsufosg Sl T &L
Tl Bacsg [of 3b PLABHEIE mmowg
g S| FEEET . % By T RIHGRR THENE
228388 fe% AL fgbewdils R
R mo L@ REMTETET gt
# wr fg FSEoBAMT T g4
£ ™ SR ES .G K=
i 5 &7 Shavsfls S ONGLY
o 4 e B Jcgdayle bEL s
g e S Td Sokmomlhe a0
B 4 i 28 SO RR5EE Hel
P e ud Mmmmmﬁwﬁ ﬁﬁm%
& [KE oE TEsaRial R5YE
B ok pr Ezlzeips o
P [ 29 23%3NR5E0 | meiss
Losg KE 8@ 3ZoIRTRED ol r
o |BIHIERE 59 SSRRircef | SEwEC
Ofgg D HF eRomlhidas B ol R
cafhE g wp STTFEE a2 eHR
2|l e BR psigidgr | BLEER
mLESE o Py Y] s o
2| 28232 log Wy SREZmAEay g
| kERkk CC A7 wx¥Eeagps [plSulse
B |ssiii o3 $p fonEiiRel  mRSsLT
Py 3 — .\JOO!. _._u b
$RREE =2 S0 BEDSRIRED  ISiDaSie
gprgks BF peTHME, 0N X GEE
pERdd or DULEGITREE K |z 05 0%
Behes S SI=SHELOHG g et
Bord “—m&u_klc“& SENMNW..@ .ﬁr._ ﬁﬂmﬁm
& ~ {2 Tl IgVEdixes B R
C| W EE RagSHoUSEaR EhEE
gn | ¥ @ (HE SRoaF-JdEag0 LmEs
%) ¢ QUIRgIERESEcrEr | HeREL
| & | @ [eEEtisusiSESEECR Rl uad
B I 5
= P DR 40 S K EREo 58

MedDRA/) Ver.15.0J

JRC2012T-028

MAJORARTICLE.

A 25-Year Study of the Clinical and Histologic

Qutcomes of Hepatitis C Virus Infection and Its
Modes of Transmission in a Cohort of Initially
Asymptomatic Blood Donors

Rabert D. Allisan,' Gathy Canry-Cantilena,' Detaris Knziel,? Cathy Schechterly,! Paul Ness,? Joan Giblle,
David €. Kleiner," Marc G. Ghany,’ and Harvey J, Alter’

'Department of Transtusien Madicine and TBiostatistics and Clinical Epidemiclagy Service, Chmical Garter, S aboratory of Pathalogy, National Cancer
Institute, and SLivar Diseases Branch, National Instituto of Diadetes and Ohgestve and Kidney Diseases. National institutes of Health, Pethasda, and
ngpartments af Pathalogy an Docalogy, The Johns Hogking Medical Institute, and *Greater Chasapeara & Potomac Regian, Amercan Fad Cioss,
Baltimor, Maryland

Background. A tota of 733 volunteer blond donors who were positive for anti-~hepatitis C virus (HCV) were
assessed for risk factors and putcomes for up to 15 years within the study and up to 54 years from the estimated
onset of infection.

Methads, A third-generation recombinant immunoblot assay (RIBA) was pecformed to distinguish true from
false anti-BCV reactivity. Findings of HCV polymerase chain reaction classified subjects as having chronte HCV
infection or as having recovered. Llver blopsy specimens were staged by Ishak fibrosis score and graded by histo--
Topic Activity indes.

Results.  Of 738 anti-HCV-positive subjects, 469 (64%) had positive RIBA results, 217 (29%) had negative
results, and 52 (7%) had indeterminate results. Primary independent rigk factars were injection drug use {odds
ratio FOR], 35.0; P <.0001), blood transfusion (DR, 9.9; P<.0001), and intranasa] cocaine use, including 79
“snorters” who repeatedly denied injection drug use or blood transfusion (QR, 8.5; P<.0001). Classification and
regression frée and random forest analyses confirmed these risk factors. A total of 384 RIBA-positive donors
(52%) were HCV RNA positive; of these, liver biopsy specimens from 185 (48%) showed no fibrosis in 33%, mild
flbrosis i 52%, bridging fibrosis in 13%, and dirhesis in 2% 4 mean duration of 25 years after infection. Aralysis
of 63 repeat biopsy specimens showed that 8% progressed >2 Ishak stages over 5 years (mean progression, 0,06
[shak stages/year).

Conclusions, Injection drug use and blood transfusion before 1290 are dominant risk factors for HCV acqui-
sitlon; intranasal cocaine use tnay be a surreptitious route of parenteral spread. After a mean of 25 years of HCV
infection, histologic outcomes were relatively mild: 85% had no or mild Bbrosis, and only 2% had cirrhosis.

Neatly one-fifth spontaneously tecovered.

‘While the frequency of new hepatitis C virus (HCV)
infections in the United States has declined consider-
ably In the past decade, the disease burden from
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cumulative infections over the past 5¢ wﬂa is sub-
stantial 2rd is rising, as the long duration of individ-
ual infections allows evolution into cirrhosis and
hepatocellular carcinoma (HCC) [1, 2]. The full spec--
trum of HCV-related outcomes i difficult to discern
because milder disease often goes unrecognized, and
slowly evolving chronic sequelac pgeperally are not
amenable to prospective ascertainment. The intro-
duction of routine donor sereening for antibody to
HCY in 1990 afforded the apportunity to place oth-
erwise unselected subjects inte long-term follaw-up
to assess (1) the proportion of HCV-infected
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individuals who become chronic carriers, {2} the risk factors
for HCV acquisitian, (3) the leng-term outcomes based on
findings of liver histalogic evaluations, and (4} the relation-
ship of liver fibresis ta a variety of demographic, viralogic,
sernlogic, and biochemical indices. This cohort of anti-
HCV-positive blood donors was previously analyzed in 1995
[3]. Reported herein is a further decade of data sccrual,
allowing for up to 15 years of follow-up within the study and
a mean interval of 15 years fram the time of a parenteral
exposure that presumably initiated the infection to the time
of liver biopsy.

METHODS

Screening and Confirmation of HCV Enfection

At study initiation, a first-generation enzyme immuncassay

{EIA) was used by the American Red Cross (ARC; EIALD;
Ortho Diagnostics, Raritan, NJ) and the National Institutes of
Health (NIH) {BIAL.0; Abbott Laboratories, Abbott Park, I1L)
to screen donated blood for HCV antibodies. A more sensitive
second-generation EIA (EIA20; Ortha Diagnestics and
Abbott Laboratories) was introduced in 1992. The specificity
af anti-HCV-positive reactions was tested by second and/or
third-generation recombinant immunoblot assays (RIBA HCV
2.0 SIA; Chiron, Emeryville, CA) [4]. Danprs who were RTBA
positive were considered to have confirmed antibady to HCV
and, thus, to have been infected with HCV. Donors who weze
RIBA negative were cansidered to have false-positive antibody
reactivity by EIA and, thus, not 1o have been infected with
HCV, The HCV antibody status of donors with an indetermi-
nate result of RIBA conld not be determined, and danors with
this result underwent testing for HCV RNA but were other-
wise excluded from analysis.

At least 1 sample fram zach participant was tested in dupli-
ate for HCV RNA, using reverse-transcrlption polymerase
chain reaction {PCR; COBAS Amplicor HCV Test, version
2.0; Roche, Branchburg, NJ; limit of detection, 100 IU/mL}
[3]. Quantitative securmn HCY RNA levels were measured bry
the COBAS Amplicor HCV Monitor Test, version 2.0
(Rache), and genotyping was performed by the INNO-LiPA
2.0 assay (Innogenetics, Ghent, Belgium). Samples that were
obtained priar to licensure of these PCR assays were retrieved
from frozen storage for later testing.

Enrotlment of Participants .

Volunteer blood dunors from the Greater Chesapeake -and
Patomac Region of the ARC and from the NIH Department
of Transfusion Medicine who tested anti-HCV positive on
replicate testing and provided informed consent were enrolled
beginning in August 1990, The study protocel was approved
by the ARC and NTH institutional review boards and has been
reviewed annually.

Initial Evaluatian and Follow-up

On the initial visit, the donor was interviewsd by a physician,
who completed an extensive questionnaite that recorded demo-
graphic. characteristics, blood donation history, sexual history,
and past medical history, including assessments of alcobol use,
illicit drmg use, and other potential risk factors for HCV infec-
tion. Participants completed a second questipnnaire in private
about illicit drug use. A physical exaraination was performed,
and samples for biochemical and hematologic blood tests were
obtained at baseline, A physician performed an interim history
and physical examination annually, and laboratory testing was
repeated biannually for the duratlon of study. RIBA-positive
subjects cantinue to be followed up in this ongoing study,
donors who were repeatedly RIBA. negative and HCV RNA neg-
ative were discharged from the study after 6-12 menths of
follow-up because they were considered to have betn unexposed
ta HCV and to have had false-positive results of ELs,

Histologic Evaluation of Liver Biopsy Specimens

Biopsy specimens were obtained from 185 HCV RNA-posi-
tive, treatment-naive participants, All specimens were read by
the same hepatic pathologist (DEX.) without knowledge of
the patient's clinical history. A biopsy specimen was consid-
ered adequate if it contained >10 portal tracts, The extent
of liver fibrosis was scored from 0 to 6, using the Ishak
fibrosis scale (0=no fibrosis, 1-2 = portal fibrotic expansion,
34 =hbridging fibrosis, and 5-6 = cirthosis) [5]. Mecrosis and
Inflammation were graded using 2 modification of the hista-
logic activity index (HAI) on a scale of 0-18 (6,7].

Martality Follow-up

Vital status, date of death, and cause-specific mortality from 1950
through 2005 were obtained by searching the National Death
Index (National Center for Health Statistics, Hyattsville, MD).

Statistical Analysis

Analyses were performed with standard statistieal packages
(SP55 v15,0 for Windows, SPSS, Chicago, IL; SAS 9.2, SAS
Institute, Cary, NC). Only data collected prior to HCV trest-
ment were included. Associations between categorical variables
were assessed with the unadjusted ¥* statistic or a 2-tailed
Fisher exact test.

Univatiate analysis of variance was used to assess associa-
tions befween continuous variables and group status. When
normality could not be assumed, the Kruskal-Wallis test was
used. The Bonferroni method was used to adjust for rultiple
cornparisons. When an a prioxi order in the group status was
assumed, the Jonckheere nonparametric test for trend was
used, with a 2-sided P value. Por comparlsons of proportions
to population proportians, the exact binomial test was used.

A multivariate logistic regression model was used for analy-
siv of tisk factors. A forward selection method with a
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significance {evel 0f 0.05 for entry was used, and odds ratios
{ORs) with 95% confidence intervals were calcnlated based on
the profile likelihood, Subjects who were EIA positive but
RIBA negative and HCV RNA negative were used as contrals
in the risk factors analysis, Results of the forward logistic re-
gression analysis were confirmed using backward and stepwise
selection methads. Classification and regression tree {CART)
and random forest analyses were used to confirm the findings
of logistic regression and were performed with B statistical
computing language.

RESULTS

Enroltment, Demngraphic Characteristics, and RIBA Status
Seven hundred and thirty-eight anti-HCV-positive blood
danors were enrolled: 692 (94%) were enrolled from the ARC,
36 (5%) were enrolled from the NIH, and 10 (1%) were
enolled from other blood centers. A total of 454 anti-HCV-
positive ARC donors were enrolled from 1990 through 1994
(11% of all anti-HCV-positive ARC doners in the region);
238 ARC donors were enralled from 1995 through 2005 (43%
of all anti-HCV-pasitive donors). Carvespondingly, 28 anti-
HCV-positive NIET donors [$4% of the total detected) were
enrolled from 1990 through 1994, and & (17% of the total)
were enrolled from [995 through 2005.

Demographic data on 1040 713 blood donars who donated
at the ARC between 1990 and 2005 were compared with the
692 ARC danors enrclled in the study. The populations had a
similac sex distribution, but study participants were older
{41.4 vs 38.0 years; P < .01), more likely to be African Ameri-
can (14% vs 8.9%; P<.01), and less likely to be first-time
danors (23.8% vs 76.5%; P < 01).

Demographic data on 14400 NTH volunteer blood donars
who donated during the study pericd were compared to data
for the 36 who were enrolled. Enrolled dorars were similar
with respect to sex and African American race (13.9% vs
6.5%; P =16}, were younger {41.9 vs 49.0 years; P<.01), and
were less likely to be first-time donors {13.9% vs 80.1%;
P < 01). Study participants from the ARG and the NIH were
compared, and there were no differences in sex, age, African
American race, or first-time donor status.

Among ant-HCV-positive blood donors, 469 (64%) were
pasitive by the third-generation RIBA, 217 (29%) were nega-
tive, and 52 (7%} had indeterminate results. Characteristics of
RIBA-positive and RIBA-negative individuals are compared in
Table 1.

Risk Factors Analysis

Independent risk factors for HCV Infectian in the muitivariate
logistic regression analysis (Table 2) included, in order of
entry inte forward and stepwise logistic regression models, in-
tratasal cocaine use (OR, 6.4; P<.0001), blood transfusion

Table 1. Charactesistics of Blnad Donors, by Hepatitis C Vines
{HCV) Antibady Status

Results of Third-
Generation RIBA"

Positive MNegative
Characteristics {n=469) n=217)

22 10}

o

<0
SR
<0

Cata are no. 1% of danors, unless otherwise indicerad,

Abbreviationa: ALT, alenine aminctrznsferase; MSM, men who have Sax
with man; AIBA. recombinant immunablot as5ay; STD, sexuslly trensmited
dso4se.

* All subjects had postive BREHCY findings by enzyme immunoassay (EL8).
Donors with positive rasults of RIBA ame considered 1o have baen nfactad
With HCV. Danars with negative rasuks of RIBA are considared to have
false-positive antHCY findings by EMA.

b AL initial avaluation, ALT level was clevated in 48% of RIBA-positve
donrs, compared with 5% of RiBA-negativa donors (F < .001).

priox to 1991 {OR, 9.9 P<0001), history of injection drug
use (IDW; OR, 35.0; P <.0001), sexual promiscuity (>5 part-
nersfyear, history of sexually transmitied disease, exchanging
sex for drugs or money, or a combination of these factors; OR,
2.3, < 001}, ear piercing (OR, 1.8; P <.01], and occupational
exposure to human bleod (QF, 3.8; P = ¢18). Ear pigrcing was
a significant risk factor in 70 (28%) of 253 RIBA-positive men
(P <.0001) but not in women,

Among 292 RIBA-positive subjects wha snarted cocaine, 213
(73%) alsa reparted a history of IDU or blsed transfusion prior
to 1991; 79 (27%) who snorted cocaine repeatedly denied IDU
or other parenteral risk factars both in personal interviews ang
on d questionnaire. Among 70 men who had ear pieyeing as a
tisk factor, 67 (35%)] had alsa smorted cocaine, had received
a blood transfusion prior to 1991, had a history of IDU, or had
a documented needlestick axposure to human blood.

The CART analysis identified the same risk factors for
HCV infection and in the same order of impartance as did
the farward, backward, and stepwise logistic regression
methods, except that CART did not identify occupational ex-
posure as an important variable. Random forest analysis con-
firmed the importance of the risk factars identified by logistic
regression; ovcupational exposure and sex were ranked as least
important CART and random forest analyses confirmed
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Table 2. Multivariate Logistic Regression of Risk Factors for Hepatitis € Virus Infection

Results of Third-Generation RIBA

Multivariate Logistic
Regression Analysis®

Positive, no. (%) Negative, no. %) Odds Ratio
Flisk Factor‘ n= 468} n=2171 HSS% Cl) P
e 4:2»] ;

élcod tmnmusxun ‘

Emm%ﬁ;@ﬁﬁ,.

MaIe 30X 254 154} 121 (56)

Acupun :tu re

126(27]

99(55—183)
BRI

H545-151] <0001

5 . 5

Data sre ordered by odds ratio.

Abbreviations: Cl, confictence imerval; IDU. injection drug use; NS, nansignificant: RIBA, recombinent immuncblot assay.
*Order of entry inta the modsl (forward selection mathod); 1] intranasal cocaine use, (2) blood transtusion, (3} 10U, {4) sexual promiscuity, {5) sar plareing, and

{6) occupational axposure.

* Ellipses indicate that the risk factor did ot meet ceiteria for antry into the model.

© Resutts from analysis of a subset of 161 subjecta who deniad IDU and hlood transfusion 1163 RIBA positive, 198 RIBA nagativel,
* Results fram snelysis of & subset of 376 malos {254 RIBA, positive, 121 RIBA negatha.
* Rosults from analysis of a subsst of 311 fembles (216 RIBA positive, 96 RIBA nagativel,

findings of the subset analyses of 361 subjects, presented in
Table %,

Susvey of Intranasal Cacaine Use

Six hurdred and wvinety-two donors completed a detailed
Survey on cocaine uvse. Of 273 RTBA-positive subjects who
used intranasal cocaine, 236 (86%) had shared straws or other
snarting devices, 87 {32%) had z;cpcrienr_ed epistaxis during
or after intranasal use, and 67 {25%)} observed epistaxis in
others with whom they were sharing materials. Longer dura-
tion of intranasal comine use was associated with positive
RIBA results (P=.01) but not with detection of HCV RNA,
Intranasal cocaine use was a significant independent risk
factor for HCV infection, whether analyzed in the entire pop-
ulation (P <.0001) or in the subset of 79 who snarted cocaine
but deaied IDU and bleod transfusion (P < .0001; Table 2).

Detection of HCV RNA by PCR and Follaw Up of HCV
RNA-Fositive Subjects

Among 469 RIBA-positive blood donoss, 384 {52%) were HCV
RNA positive, and 85 (15%) were repeatedly HCV RNA nega-
tive. Of the 85 RIBA-positive, HCV RNA-pegative donors,
RIBA was performed a mean of 7 times over a mean period of
2.75 years, during which results remained pexsistently positive.

The longest interval of RIBA-positive, HCV RNA-negative
status documented in this study was 9.7 years, Patients who
were RIBA positive, HCV RNA negative on at Jeast 2 accasions
were presumed to have been exposed to ICV and spontaneaus-
Yy recovered. All 217 RIBA-negative donors and 52 persistently
RIBA-indeterminate donors tested negative for HCV RNA
Among RIBA-positive subjects, age, sex, and rce were not sig-
nificantly different between those who were HCV RNA positive
and those who were HCV RINA negative: mean age, 40.2 vetsus
386 years (P=.18), male sex, 54% versus 53% (P=.R1), and
white race, 7% versus B5% (P =,1%).

At the time the database was frozen for analysis, 257 of 334
HCV BNA~-positive subjects (67%) were still being actively
followed; 95 (379%} were treated for HCV infection. Since this
was a patural histary study, cutcomes in these patients were
only analyzed up to the time that treatment was initiated,

Among 258 HCV RNA-positive repeat blood donors, 5%
were donating potentially HCV-mfected bloed for >1Q years,
and 42% had donated >1G times.

ALT Levels and Clinicel Liver Disease [n HCV

RNA-Positive Subjects
Elevated alanine aminotansferase (ALT) levels were found at
initial evaluation in 214 HCV RNA-positive subjects (56%),
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Tabla 3. Patism of Mean Alanine Aminotransierase (ALT) Level Elevations Among Hepatitis C Virus RNA-Positive Blood Donors

ALT Lavel, Mean No. {%j
e e
o

Elevated

Mo, (%! Biopsied
T

Maan HA MNo. |%) Severe Fibrosis®

Abbrevistions: HAI, histologic setivity index: ULM, upper imit of nommal.
* Dafined as Ishak stage 3.6 {bridging fibrasls or cirthasisl.

* Parsistentty nomalin 57 of 127 danors (45%). OF these 57, 7 [12%) undsrwent biopsy, with nana having severe fibrosts.
“Tner is o significant trend of increasing HA! with Increasing ALT group.
4 Thers is a significant trand of severe fibrosis with increasing ALT group.

Over an average follow-up of 5.7 years, the mean ALT level
was 62 U/L (range, 13-344 U/L), compared with 22 U/L in
354 among HOCV BMA-negative subjects (P < .001). Tifcy-
stven HCV RMA-positive subjects (15%) had persistently
normal ALT levels; 7 (12%) wnderwent biopsy, with all having
an Ishak fibrosis score of < 1. The pattern of mean ALT level
elevations is shown in Table 3.

Fifty-one of 384 HCV RNA-positive patients (13%) had
physical signs of chromic liver disease: icteric sclerae was de-
tected in 6, spider angiomata in 40, collateral venous circula-
tion in 1, palmar erythema in 9, splenomegaly in 2, and
encephalapathy in I; none had ascites.

Extent of Liver Disease a1 Biopsy

On initial liver biopsy of 185 chronically infected subjects, 61
(33%} had no fibrosis, 57 {52%) had mild fibrosis, 23 (12%)
had bridging fibrosis, and 4 (22%) bad cirrhosis (Figure 1).
One pattent developed HCC. Associations with liver Sbrosis
are shown in Table 4, Bath age at infection and duration of

Chranic HCV ifection
48%
Maan
Mréﬂn a Liver Blopsy
of Infaedan
2Bty

[ sttmany | [orisznt | [0z | [1ew |

NoFrosls Stagei2 Stage 34 Shage 58
Mg Bridgling Cirehesls
Fibrosis Fibrosts

Figure 1, Stage of liver fibrosis among 185 hepatitis € virus (HOV}-
positive patients undargoing initial fver biopsy. After a mean of 25 vears
based on the interval since 3 known parenteral exposure, B5% had no or
minimal fibrosis, 2% had cirthosis, and 12% had bridging fiorosis that
might progress to cinhoss,

HCV infection were extrapolated from the reparted date of
probable exposure, specifically, bloed transfusion prior to
1991, the first year of IDUZ, or the date of a well-defined nee-
dlestick exposure; 125 (69%) of 185 biopsied patients had
these defined risk factars. On the basis of these risk exposures,
the mean age at the onset of HCV infection was 21 years
{range, hirth to 53 years), and the mean duration between in-
fection and the last liver biopsy specimen obtained in the
study was 25 years (range, 9-43 years)., Within this time
frame, the duration of infection was not associated w;t.h in-
creasing severity of fibrosis,

Sex, race, education level, alcohal use at the time of HCV
diagapsis, and total peak alcohol use were not significantly as-
sociated with the stage of fibrosis; body mass index was posi-
tively correlated with worsening fibrosis (P =.005; Table 4).
Patients with bridging fibrosis or cirthosis had higher HAT
scores than those with mild or oo fibrosis (P < .001). Elevated
levels of serum markers of liver inflamumation were highly as-
sociated with increasing stage of fibrosis (ALT and aspartate
amingtransferase levels, P< 002; lactate dehydrogenase level,
P=010). The alpha-1 fetoprotein level was only significant
when one patient who developed HCC was included
(P = 006).

Among biopsied patients, 182 (38%) were genotyped, and
135 (76%) were genotype 1; 111 (60%) of biopsied patients
had quantitative HCV RNA load measured, with a mean level
of 3.32 x 10° capies/mL (range, 1.14 % 10 to 481 x 107 copies/
mlL; median, 120 x10% copies/mL). Neither genatype nor
HCV load were associated with a more severe stage of Liver
fibrosis.

Extant of Liver Disease at Repeat Liver Blopsy

Sixty-three patients (34%) underwent a second biopsy after a
mean interval of 4.6 years between biopsies. Ovar that interval,
21 {33%) had fibrosis that increased by at lesst 1 Ishak stage
(5 increased by at least 2 stages), 34 (54%) had no change, and
8 (14%) showed a decrease of 21 Ishak stage (Figure 2). The
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Table 4. Cheractaristics of 185 Hepatitis € Vinrs—Positive Patients Who Underwsnt Liver Blopsy, Staged by Ishek Fibmsis Scorm
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mean progression rate between biopsies was 0.06 Ishak stages
per year (0.28 for patients whose fibrosis increased).

Treated Varsug Untreated HCV ANA-Positive Subjects
Among 384 HCY RNA-pesitiwe subjects, 95 (25%) wer
treated with Interferon with or without ribavirin, or with

pegylated interferon plus ribavirin. Compared with those who
were not weated, subjects who recsived treatment were of
similar age (40.2 vs 40.1 years; P=.97) and similar s=x (48%
vi 56% were male; P=.18). However, subjects who received
treatment were more likely to be white (89% vs 74%; P < .01)
and had a higher mean ALT level (785 vs 564 P<.01).
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Figure 2. Fbmsia pmgession among B3 hepatitis © vins {HCV-posi-
tve patients ndemoing repest fiver biopsy. After a8 mean intenval
between biopsies of 45 years, 54% showed no changs in intenval hiop-
5ies, 14% showed Wasaned fibrosis, and 33% showed increased fibmsis
by at least 1 stage; 5 [8%) increased by >2 stages.

When llver histologic findings were compared between biop-
sicd subjects who were and those who were not treated,
treated subjects had 2 higher mean Ishak fibrosis stage (1.65
vs 0.87; P <.01) and HAl (7.90 v 6.64; P <.01).

Muartality

From 1990 to 2005, there were 28 deaths (4%) in the total
study population, and 22 (79%) of those who died were HCV
BMNA positive (OR, 3.5; P<.01). The mean age at death was
51 years. Ameng those chrogically infected with HCV, only 2
(9%) died from liver-related causes, one from HCC and the
other from complications of cirrhasis,

DISCUSSION

Informed decisions for the treatment of chronle HCV infec-
tion require knowledge of the natural history of the disease
because the key issue o not which drug or dosage to use, but

vhether t is indicated Given that current trestments
are arduous, expensive, snd fraught with adverse events, and
given that fibrosis progression is neither linear nor inevitable,
one has to balance the prabability of disease progresslon
against the near certainty of deleterious drug-induced stde
effects. Bacly retrospective studles averestimated the severlty of
chronic HCV infection by focusing on those with established
chronic liver direase while excluding the much larger number
of silent infections {8-10). This study prospectively followed

asymptomatic individuals found to be anti-HCV positive at
the time of blood donstion. Although the study is biased by
limiting enrollment to volunteer bloed donors, we believe it
provides a valid model for assessing tranemission patterns in
low.risk populations, the rate of spontaneous recavery in im-
munocompetent individuals, and the long-term cutcomes of
HCV infection.

Epidemiologic comparisons between RIBA-positive and
RIBA-negative (EIA false-positive) controls demonstrated
striking differences. Although all donors denled IDU at the
time of donation, in subsequent private interviews with a phy-
siclap, 41% of RIBA-positive donors admitted to TDUJ at some
peint in their life, compared with only 1% of RIBA-negative
conirols; none were current drug addicts. Thus, even in a pre-
sumed low-risk population, IDU was the greatest risk factor
for HCV acquisition, with an OR of 35.0 (P <.0001), Unex-
pectedly, intranasal coraine nse was an additional strong inde-
pendent risk factor in a multharlate logistic regression
analysis and in CART and random forest analyses Although
intranagal cocaine use often overlapped IDU, there were 79
RIBA-positive subjects who snorted cocaine and repeatedly
denled DU or blood transfusion, and cocaine snorting
temained a strong independent risk in this subset (DR, 8.5;
P <.0001). Although one can never be certaln of the veracity
of IDU denial, there is plausibility to the concept that cocaine
snorting might transmit HCV, in that (1) 86% of those who
snorted ndmitted to the chared use of snorting devices, 2 pre-
viously implicated risk factor [11, 12]; {2) cocaine is known o
denude mucous membranes, allowing direct access o bloed
vessels; (3) HCV RNA has been detected in nasal secretions
[13]; (4} approximately 30% of subjects who snorted either ex-
perienced or observed nosebleeds during shared intranasal
cocaine use; and {5) antl-HCV positivity was significantly as-
sociated with the duration of cocaine use Thus, intranasal
cocuine use may be a covert parentersl route of viral transmis-
ston, a route that might be applicable to human immunadefi-
clency virus and hepatitis B virus infection, as well as to HCV
infection,

Over a mean interval of 25 years from onset of infection to
Itver blopsy, only 14% had severe histologic outcomes, and
only 2% had cirthosis; 85% had no or minimal fibrosis. Other
studies have shown a similarly low propartion of severe histo-
logic outcomes during the first 2-3 decades of HCV infection
[14-17]. Further, this low incidence of severe qutcomes is a
werit-case scenario because blopsied patients had higher
average ALT levels than nonbtopsied subjects, as thers was re-
luctance to biopsy the approximate 30% who had normal or
tow-level ALT elevations. Thus, although this study has a se-
lection blas based on the propensity to biopsy and treat those
with the most severe dinical or biochemlcal profiles, this bias
wolld be in the direction of observing more severe histologie
outcomes tather than the relatively mild outcomes actuaily
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observed. If subjects with spontanecus recovery {15%) are fac-
tored into the outcome analysis, the number of acutely infect-
ed patients who progress to severz outcomes would be
proportiomtely less. However, there is a further caveat to this
oulcome analysis, Despite a2 mean duration of follow-up of 25
years between the time of probable exposure and the time of
the last available biopsy, patients biopsied in this study were
still vefatively young and had not reached the 30-40-year
disease duration that seems critical to fibrosis progression in
HCV infectlon {18]. Indeed, the histologic progression ob-
served between S-year-interval biopsies in one-third of our pa-
tients porlends worse outcomes for some In the ensuing
decades, Nonetheless, it 35 probable that thase who have
shown na or Little fibrosis progression aver 25 years will have
4 nonprogressive or slowly progressive course that will provide
time for more cffective and safer therapies to emerge and
induce sustained virologic responses that appear tantamount
t0 eure [19]. Clearly, a subset of patients will have progressive
histologic deterioration either because treatment was not ac-
cessed oy because antiviral therapy failed to achiewe a sus-
tained viralogic response. Identification of silent HCV carriers
and access to trestment remain major public health hurdles,
but among treated subjects the number who will not achieve 2
sustained viralogic response has been reduced dramatically
with the recent licensure of protease inhibitags (20, 21], Since
the majority of HCV-infected individuals will not be treated
in the near term, continued long-term follow-up is critically
needed to provids better estimates of clinical and histologic
outcomes after x3 decades of HCV infection, although one

small study has shown relatively benign outcomes even after a

mean observation period of 45 years [22). Although the prog-

nosis for the individual patient with HCV infection can be in-

creasingly optimistic, the global burden of this disease is

staggering on the basis of the sheer magnitude (estimated 100

maillion) of those who are already chronically infected.
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Hepatitis E Virus
Infection among
Solid Organ
Transplant
Recipients, the
Netherlands

Suzan D, Pas, Rob A. de Man, Claudia Mulders,
Aggie H.M.M. Balk, Peter T.\WW. van Hal,
Willem Weimar, Maricn P.G. Koopmans,
Albert D.M.E. Osterhaus,
and Annemiek A, van der Eijk

We screened 1,200 living heart, lung, liver, and kidney
transplant recipients for hepatitis E virus infection by reverse
transcription PCR. In 12 {1%) patients, hepatitis E virus
infection was identified; in 11 patients, chranic infection
developed. This immunocompromised population is at risk
for hepatitis E virus infaction.

epatitis E virus (HEV) can cause acule or chronic

infection in humans. Four genotypes have been
identified in humans. HEV genotype 3 predominantly
infects pigs and deer, but is also recognized as a zoonotic
agent. As awareness increases, more reporls of HEV
infection among humans, especielly immunecompromised
persons, have been published {1,2).

Analysis of exposure histories of persons with HEV
genotype 3 infections has demonstrated its underdiagnosis,
and a spurce was not identified for most cases (3). Because
HEV has been reported as a cause of liver diseass in solid
organ transplant (SOT) recipients (4), we screened all
living recipients of 50Ts during 2000-2011 at Frasmus
Medical Center, the largest $OT center in the Netherlands,
for HEV RINA. This study was designed to identify SOT
recipients with acute or chronic HEV infection.

The Study

A cross-sectional study was performed of all living
adult SOT recipients for whom serum or EDTA-plasma
samples were available in the Erasmus Medical Center
biokank {stored at ~20°C and —R0°C, respectively, and
collected during previous routine visits to the outpatient
clinic; complete methods are described in detail in

Aulhor  affifation. Erasmus Medical Center, Rallerdam, the
Meatherlands

DOl witpefidx doi org/10.3201/eid 1605111712

the online Technical Appendix, wwwne.cde.gov/EID/
pdf&/11-1712-Techapp.pdf). Seme recipients eventually
had been referred to peripheral hospitals. A Laboratory
Information Management System database search was
performed for availability of the most recent follow-up
sample, Thirty-nine HEV RNA—positive samples in the
center’s biobank from non-SOT patients were genotyped
and used as reference for phylogenetic analysis. Samples
were screened for HEV RNA by using real-time reverse
transeription PCR (RT-PCR) (5) with primerg detecting
all 4 genotypes and validated according to Intemational
Standards Qrpanization guidelines 9001 and 15189 (wuwnw,
iso.orgfiso/search.him). HEV 1gM and 1gG were detected
by using the PE2 HEV-IgM and [gG ELISA (Wantai
Biological Pharmady Enterprise Co.. Lid., Beijing,
People’s Republic of China). A case of HEV infection was
defined by the following criteria: an HEV RNA-positive
sample, confirmed either by presence of HEV [gM or 13G
or HEV RNA in sequential samples. Chronic infectian
was diagnosed by retrospective testing of stored samples
and defined as HEV RNA positive for >6 months. We
retrospectively tested samples from HEV RMNA-positive
patients so the antibody kinetics and viremia levels could
be studied. For calculating phylogenetic relationships, HEV
open reading frame (ORF) 1 sequences wers generated with
primer set MJ-C (d). All viral sequences were deposited
into GenBank (accession nos. JQO15399-1Q015443),

The 1,200 SOT recipients consisted of 259 heart
transplant (HTX), 33 lung transplant (lungTX), 300 liver
transplant (LTX), 574 kidney fransplant (NTX), and
14 multiple SOT recipients (4 HTX-NTX, 1 JungTX—
NTX, and 9 LTX-NTX). Twelve HEV-infected patiznis
wete identified: 5 HEX, 1 lungTX, 3 LTX, and 1 NTX
reciplents and 2 multiple SOT-recipients (1 HTX-NTX
and 1 LTX-NTX). For 11 patients, HEV infection was
chronic (Table 1). The median age of the HEV-infected
patients was 56.% years (range 19.5-63.5 years}; © (75%}
were men. In [} HEV patients, immunosuppression was
achieved by using prednisolone and tacrolimus, combined
with mycophenolate mofetil {(n = 3) or everolimus (n =
2). Two patients received regimens of cyclosporine and
prednisolone or mycophenclate mofetil and prednisolane.

Table 1. Querview of HEV Infections among SOT recipients, the
Hethedands, 2000--2011*

HEV infections, no. (%)

SOT group No. recipients Confirmed Chronic
HTX 259 5(1.9) 5(1.9)
LungTx 53 1(1.9) 1(1.9)
LTX 00 A0 3(1.0)
NTX . 574 1 (0.2} 1(0.2)
Multipla SOT 14 2(14.3} 1 [7.1)
Talal 1.200 12{1.0 1 (0.9

*HEV, hepatills E virus; SOT, solid organ transplant; HTX, heart
transplant; ungTX, lung tramsplant; LTX, fiver transplant; NTX, Kidhey
transplanl.

19 NTX-LTX, 4 NTA-HTX, and 1 NTX-ungTx.
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DISPATCHES

All patients who had chrenic HEV infection had
elevated liver enzyme levels; bilirubin levels were elevated
In 45.5% of the patients (Table 2). Although it proved
difficult to identify abnormal liver functions uniquely
related to the HEV infection, HEV RNA detection always
coincided with or was followed by an increase in alanine
aminetransferase. Apparently no avert clinical symptoms
were assaciated with infection; however, such symptoms
are difficult to recognize in immunosuppressed SOT
recipients_nflammation compatible with viral hepatitis was
shown in § of 9 patients with chronic infection far whom
liver biopsy specimens were avazilable. Other findings
were FO-FZ fibrosis, steatosis 1-2 (Brunt classification),
cholestasis, and Councilman bodies.

Samples ftom all 12 HEV patienis were tested for HEV

* RNA and HEV IgM and [gG. One infection was traced ta

2603 (fungTX), 1 to 2008 (NTX]}, 1 to 2609 (multiple SOT
recipient, NTX-HTX), 7 to 2010 (5 HTX, 1 LTX and 1
multiple SOT recipient, NTX-LTX) and 3 to 2011 (all
LTX). Among the patients, 1 LTX recipient had an acute
HEV infection and cleared the virus within 6 days. Because
HEV IgM and IgG were detected 4 years before HEV
RNA detection, both reactivation and reinfection shoyld
be considered. The median span of HEV RNA-positive
time peried of chronic HEV cases was 16 months {range
6—55) with a median peak cycle threshold value of 20.0
(range 16.7-26.6). HEV RNA was detected during viremia
{median cycle threshold value 19.9, range 15.5-28.3) in
feces from § patients with chronic ilness. ’

To assess the value of diagnostic techniques for
detection of HEV infection in SOT recipients, we studied
antibody kinetics (HEV IgM and IgG) and viremia. The
median ime from RNA positivity 1o TgM detection was
32 days {range (0—-326 days). Five patients had detectable
HEV IgM at the time of HEY RN A positivity. In 1 casc, no
HEV IgM was detected. HEV 1gG titers were detectable
an average of 124 days Jater than HEV RNA (range
0826 days). HEV [gG was absent in 2 samples, and in
4 samples, HEV [g(G was detectable when HEV RNA
was detected. The median time between transplantation
and first HEV RN A-positive result was ~0.3 to 20.0 years
(median §.99 years}.

Vireses isolzted from samples from 11 HEV-infected
patients were all within the genotype 3 group, Because no
QRF1b sequences from the Netherlands were available
in GenBank, ORF1b sequences were determined frem
samples from non-SOT HEV-infected patients in the
Netherlands (Figure). No indications for a common or
nosecomial spurce of HEV transmission were found.

Conclusions

Recent HEV infections in SOT recipients (4,7-9)
prompted us to perform a survey among SOT recipients
admitted to the largest transplantation center in the
Metherlands. CQur findings showed that they are at risk
for HEV infection. Nine of 12 case-patients were treated
postoperatively with a tacrolimus-based regimen, which has
been associated with increased risk for HEV infection {9).

The cross-sectional RT-PCR screening detected 12
HEV infections but could not provide information about
previously acquired and cleared HEV infections. Real-
time RT-PCR scresning was performed for 2 reasons.
First, because a patient received immunosuppressive
drugs, specific antibodies against HEV might be ahsent,
Second, ELISAs have been developed to detect antibodies
to genolypes 1 (Myanmar) and 2 {(Mexico) and might not
be sensitive enough to detect antibodies to genotype 3 or
4 (10). Information about results of screlogic assays to
validate HEV genotype 3 is limited, and sercprevalence
measured can vary with the assays used (Ji-/3).
Furthermore, independent studies found that sensitivity and
specificity of HEV RNA assays from laboratories in the
Netherlands {S.D. Pas and B. Hogema, unpub. data) and
other European countries (74) differ greatly. Therefore,
international standardization should be encouraged.

Although the observed 1% of HEV-infected SOT
recipients may seem Jow, HEV infection may be life
threatening in immunocompromised patients, Misdiagnosis
of HEV infection as drug-induced liver injury or auto-
immune hepatitis has been reported (15} empirical treatment
of these misdiagnoses by raising immune suppression
would exacerbate the condition. Temporary reduction of
immunosuppression resulted in immune-mediated control
and clearance of HEV in 30% of cases (9).

Table 2. Parameters in chronic HEV infections among SOT reciplents, the Netherlands, 2000-20117

Faremater

Median Range ULN [FIM)
Paak alanine aminolransfarasa, UL an 81-909 30/40
Peak aspartate aminotransferase, UL 17z 66-1018 30436
Paak gamma-glutamil ransferase, UL 299 72-114p 34449
Peak bilirubin, ymoliL 16 5-100 1616
Peak HEV RNA, cycie thrashold values 2040 16.7-266 NA
Pericd of HEV RNA positivity, mo 16 6-55 NA
Time betwesn SOT and first HEV RNA-positive result, mo 2.0 -0.3te20.1 NA
Time of HEV RNA posilivity befare HEV [gM positiva, d 32 0-826 NA
Tino of HEV RNA posilivity before HEV lgG positive, d 124 0-526 NA

"HEV, hepaiitis £ virus; SOT, solid ergan transplant; LILN [FM), upper limk of narmal (fermala/mate); NA, not applicable.
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Figure. Phylogenefic tree of hepaiitis E. vius {HEV) open
reading frame [ORF) 1 sequences, including HEV infections,
the Nethedands, 2000-2011. Phylogeneic ralation of a 308-
bp ORF1 region was calculated by using maximurn-liketihood,
Kimura 2-parameter analysis with beotslrapping (n = 1,000). HEV
sequences originating In the Netherlands are Indicated as NL
with year of isolation and isolale number { 1k

Hepatitis E among Sofid Organ Transplant Reciplents

This stedy also found that in patients with chronic HEV
infection, HEV RNA was detected an average of 32-124
days before HEV IgM and IgG, respectively. Therefore,
in 8OT recipients with elevated liver enzymes (alaning
aminatransferase), the diagnosis of HEV infectiom should
be considered and verified by detection of HEV RMA,

This systematic survey of HEV infections amiong
50T recipients in a major transplant center shows that
this population i3 at risk for HEV infection. Given the
™ ¥ es of HEV infection, SOT recipients with liver
function impairment of unknown etiology should be tested
for HEV RNA.
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Human
Parvovirus 4
Infection, Cameroon

Myriam Lavoie, Colin P. Sharp,
Jacques Pépin, Christepher Pannington,
Yacouba Feupouapouoghigni, Qliver G. Pybus,
Richard Mjouom, and Peter Simmonds

In a post hoc analysis of samples tollected in 2009, we
determined seroprevalence of panvovirus 4 (PARV4) amang
elderly Gamaroonians. PARV4 seropasitivity was associated
with, receipt of intravenous artimalarial drugs, intramuscular
streplomycin, or an inframuscular contraceptive, but not
hepatitis C virus seropositivity. Findings suggest parenterat
acquisition of some PARVM infections.

uman parvovirus 4 (PARVY), also known as

partetravirus, was identified in 2005 from the plasma
of an intravenous drug user (IDU) (), In separate studies
that used PCR, PARV4 was subsequently documented in
autopsy lissues from 1DUs and persons with hemophilia; in
bone marrow aspirates from patients with A1DS; and in the
blood of transplant recipients, hemodialysis patients, and
infants in Ghana (2-5).

En 2007, 199 (32.4%) of 626 adults tested in Burkina
Faso, Demacratic Republic of the Congo, and Cameroon
were seropositive by first-generation serologic assay for
PARV4 (6). In South Africa, prevalence was 36% among
HIV-infected blood donors but anly 4% among their HIV-
seronegative counterparts (6). Although PARV4 presence
in IOUs and hemophilia patients suggests parenteral
transiission (7,8), this route has not yet been studied and
other mades of transmission have not been ruled out The
pathogenicity of PARV4 remains unclear, but PARV4
DNA recently was found in the cerebrospinal Ruid of 2
children from India who had unexplained encephalitis (9).

Dwuring 2010, to investigate the epidemiology ofPAR V4
in Africa, we tested for PARV4 antibodies in serum samples
collected during a 2009 study of a defined population of
elderly Cameroonians among whom prevalence of hepatitis
C virus (HCV) infection was high. Previous exposures to
parenteral and sexual risk factors had been documented for
this population (F0-/2), indicating that this population haq

Author affifiations: Université de Sherbrooke, Sherbrocke, Quebeg,
Canada (M. Lavoie, J. Pépin); University of Edinburgh, Edinburgh,
Scolland, LK (C.P. Sharp, C. Penningion, P. Simmonds); Centra
Pasteurdu Camercun, Yanundé, Cameroon (Y. Foupouapouagnigni,
R. Njouom); and University of Oxford, Oxforg, UK (0. Pybus)
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been excessively expased to impropesly sterilized syringes
and needles and that the main risk factor for HCV was the
administration of intravenous antimalaria! drugs, mostly
before 1960.

The Study

The ethics committees of the Cameraonian Ministry
of Health and the Centre Hospitalier Universitaire de
Sherbrooke {Sherbrooke, Quebec, Canada) approved the
2009 study and 2010 follow-up specimen testing. The
stady was eonducted in Ebolowa, southern Cameroan
(Z0). Inclusion criteria were age >60 years and consent.
Exclusion criteria were dementid or inability to
communicate. With cooperation from community leaders,
we visited a convenience sample of houses to identify
participants. We obtained venous samples from participants
and gathered sociodemographic data and information
about past intravenous treatment for any disease, past
patentera) treatment for infectious diseases, transfusions,
scarifications, and circumeision. Vaccine scars were
documented, :

We perfermed PARV4 3G detection on each sample
in teplicate by indirect ELISA by using baculovirus-
expressed viral pratein 2 and control antigens (&) arbitrary
unit (AU) values were calculated relative 1o a control
sample. Becanse of a high background reactivity observed
for this cohort, we additionally stipulated that for positive
samples, the optical density ratio (ODR) of viral protein 2
to cantrol must be >1.2; ODRs belaw this threshold were
considered negative.

Seralogic assays for HCY and treponemal antibodies
were described in the original study by Pepin et al. (74). We
detected antibodies against hepatitis B core antigen (HBcAg)
by using AxSYM (Abbott, Montreal, Quebec, Canada) and
anaiyzed data by using Stata 10.0 (StataCorp LP, College
Statian, TX, USA}. Proportions were compared by using
either the 7 or Fisher exact test. Variables assoclated with
PARV4 seropositivity in univariate analysis wers tested in
logistic regression models through nonautomated forward
selection, continuing umtil no other vardable reached
significance. Each variable was then eliminated to assess its
effect by using likelihood matio tests. We retained in the final
model variables that enhanced the fit at the p<0.05 level.

The study comprised 451 persons 60-102 years of age
(median 70 years); 56% were HCV seropositive, 74% had
antibodies against Treponema (10, and 95% were anti-
HBeAg seropositive, Seventy-nine {17.5%) persons rarried
PARV4 antibodies,

PARYV4 antibodies were more prevalent among persons
60-54 years of age than among older persons (Table 1).
Prevalence did not vary by sex or by presence of anti-HCV,
anti-HBtAg, or treponemal antibodies. The prevalence
of anti-PARV4 incressed, but nat significantly, with
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Table 1. Prevalence of human parvovinus 4 by patient
charadterstics, Cameroon, 2009

No.virus pasitive/” g

Characteristic no. lested (%) value
Age. y 004
§0-64 32125 (28)
5569 13798 (14)
T0-74 177903 {£7)
275 171427 (1)
Sex 0.5
M 251178 (14)
F 54/273 (20)
HEV serologic rasulls 081
Negative : 20/178 (18)
Positve 477252 (18)
Aalti-HBGAG 1.00
Negative 321 (14)
Positive T8/430 (18)
Trepanemal anlibodies 0.06
Absent 28/119 (24)
Present 517332 {15)
Intravenaus reatment for malatia 0.04
No 291216 {13)
Yes 500235 (21)
Intravenouss trealment for olher diseases 0.93
Mo 424239 (18]
Yes 3212 (1)
No. past intravenous treatments 0.38
] 12138 (14)
1-3 33/208 (18}
b . 25116 (22)
Unknown 941 (22)
Tuberculosis 0.04
Ma 720433 (17)
Yes, reated with cral drugs only 412 (33)
Yas, reatment included 3/6 {50}
streplomycin :
Transfusion 0.09
Ho 784408 {19)
Yes 343 ()
Dapo-Provera injectionst 0.008
No 501288 (16)
¥Yes 4/5 {80)
Scarifications 0.2
No 30/165 {18)
Yes 4D/286 (17)
Vactine scar, eft arm 0.005
Absent 17453 (32)
Present 814397 (15)
Vacelng scar, right am 0,78
Absent 27185 (18)
Present 517284 (18)
Circumcision (males oniy} 0.74
Madical UTI{12)
Traditional 167105 115)

*HCY, hapatiliz C vinis, HEcAp, hepaliiie B core antigen,

{Pharmacia & Upiohn Company. New York, MY, USA.

exposure 1o intravenous treatments in general. Receipt of
intravenous antimalarjal drugs was associated with PARV4
seropositivity, which was also more frequent among persons
treated for tuberculosis and ameng the few women who
had received injections of the contraceptive Depo-Provera
(Pharmacia & VUpjohn Company, New York, NY, USA).
PARVY sexopositivity was not associated with treatments
delivered by injection against yaws, syphilis, leprosy, or

Human Parvovirus 4 Infection, Cameraon

trypanosomiasis({datanet shown)or with sexuslly transmitted
infections. PARV4 seropasitivity was less commen armang
persons who had a vaccine scar on the left arm,

In  multivariate  analysis (Table 2), PARVY
seroposilivity was associated with younger age, intravenous
teceipt of antimalarial drugs, and parenteral receipt of
antituberculosis treatment (the latter was of borderline
significance) and was less common among persons with
a left-sided vaccine scar. In that model, Depo-Frovera
injections were associated with PARV-4 seropositivity
among women (adjusted odds ratio 17.27, 95% CI 1.57—
189.78; p = 0.02).

To confinm that associations were not biased by
assay sensitivity, we conducted a secondary analysis that
excluded 31 borderline PARV4-negative persons (AU >0.5
and ODR <1.2) and 35 horderline PARV4-positive persons
(AU 0.5-2.0, ODR >1.2) (Tzble 2). The same factors
as it the main analysis were associated with PARVA
seropositivity; receipl of intravenous antimalarial drugs
was net significant in the smaller sample.

Conclusions

We retrospectively analyzed samples obtained during
& study of elderly Cameroonians from an area where HCV
infection was hyperendemic and in which we had collected
much informafion about potential parenteral modes of
transmission of blood-borne viruses but less information
about other routes (J). Because this was a cross-sectional
study, the time sequence of exposure routes and PARV4
infection could not be determined. Thus, our results should
be considered exploratory.

The sensitivity, specificity, and ability of our assay to
identify seroconversions are comparable to those of PCR-
based methods for determining active infectians and past
exposure (7-9,13). Exclusion of samples showing low
antibegy levels that might represent nonspecific reactivity
had little effect on the analysis of risk factors.

The results provide some evidence for parepteral
transmission of PARV4 in the study community, As was
HCV infection (I0), PARV4 infection was associated
with receipt of intravenous antimalarial therapy. This risk
factor was found for half of the population we studied,
whereas intramuscular Depo-Provera and streptomycin
were administered to few patients. [n univariate analysis,
PARV4 seropositivity was also more common in patients
treated with oral antituberculosis drugs. Although the
seroprevalence of PARV4 increased with past exposure
to infravenous freatments in general, this finding was
notstatistically significant because antibodies apainst
PARV4 were common among persons wha reported no
such treatments. This finding, and the lack of association
between PARV4 and HCV serapositivity, suggests that
other, nonparenteral modes of transmission existed.
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Table 2, Correlales of study participants and human parvovirus 4 Infection in multivariate lysis, Cameroon, 2008

All patticipants Afler exclusions®

Participant characteristic Adjusted cdds ratio {(85% Cl)  p value Adjusted odds ratio {05% CI) __ p valie
Age group, ¥

GO0-64 2211.13-4.31) 0.02 288 (1.16-7.17) 0.02

B8589 1.01 [0 46-2.24) 0.88 120 {0.39-3.70} 0.78

70-74 1.16 (0.54-2.4B) on 151 {0.55-4.16) Q.42

»75 1.00 1.00
Tubsrculesis

Na 1.00 1.00

Yes, treated with oraf dougs only 200 (0.52-7 54) D26 281 {0.63-13.51} 017

Yes, treatment included streptomycin 5.21(0.99-27.37) 0.05 20.96 {1.67-262.09) 0.02
Vaccine scar, left arm

Absenl 1.00 1.00 .

Prasent 0.7 (0.19-9,71) 0.603 0.32 {0.13-0,78) 0.0
Infravenous treatmant for malaria, 0.06

No 1.00 1.00

Yes 182 (1.13-3.24) G015 1.98 {0.97—4.03) 0.08

~Afier axclusion of 81 participanis with bonderiine negative resutis and 35 wiih borderiing posiive resufls.
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i - Thi dine b et al. Human parvovirus 4 in the marrow of Ttalian patients
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BACKGROUND: Human parvovirus 4 (PARV4} is a
newly discovared pasvovirus pravalent In injecting drug
users and other groups with histeries of parentaral
exposura including persons with hemophilla exposed 1o
non-viraly Inactivated clotting factor concentrates. To
lnvestigats its potential ongoing imnsmissiar o persans
with hemaphilia treated with plasma-derived, virally
Inactivated cloliing tactors, we screened a large conan
of persons with hemaphilia far antibody serocconvarsion
ta PARV4 pver a 5-year observation period.

STUDY DESIGN AND METHODS: Samples from 195
persons with hamophilia enrolled in the Hemophilla
Grawih and Developmant Study cohant were screened
for PARV4 artibodies at the star and end of a 5-year
pericd of treatment with exclusively virally inactivated
clotting factor concentrates, Samples collected at inter-

new parvovirus was recently identified by
molecutar virus discovery methods from
plasma from a human Immunecdeficiency

virus (HIV}-infected injecting drug user (DU}
Genetically, the virus termed human parvovirus 4 (PARV4)
was found to be distinet from existing genera within the
family Parvoviridae, althaugh viruses showing 61% to 63%
sequence similarity to PARV4 have since been described in
pigs and cows.’ It has recently been proposed to assign alt
of these viruses as members of a new parvovirus genus,
Partetravirus, PARV4 is now one of four parvoviruses
known o infect humans. Others include the erythrovirus,
819V, transmitted by respiratory routes, highly prevalent, .
and generally associated with mild disease on acute infec-
ton, Adenoassociated viruses, which are acquired fre-
quently during childhood, persist lifelong but are thought
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mediate time points from sublecls seraconverting over
the siudy period were screened to narow down the
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sefoconversion time and investigate immunocglobulin
(Ig)M responses, duratlon of acute viremia, and clinical
presentatlens.

RESLULTS: PARV4 seroprevalance at the outset of the

ABBREVIATIONS: HGDS = Hemcphilia Growth and Develop-
ment Study; [IDU(s) = injecting drug user(s); PARV4 = human
parvovirus 4.
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to be entirely nonpathogenic. Human bocavirus Type 1
has been implicated in severe respitatory disease in chil-
dren {reviewed in Allander et al."), while the geneticatly
distinet Types 2 through 4 are more typically recovered
from fecal samples and may be an additional cause of
enteric disease in children and aduls.**

Several investigations, subsequent o the discovery
of PARVY, have estahlished that infections with PARV4
are likely acute resolving without long-term viremia.
However, as also described for BI9V and adenoassociated
vituges, ™" viral DNA sequences can be detected in tissues
likely lifelong after exposure.®’* The epidemiology and
transtnission of PARV4 differs surikingly from other par-
voviruses. Through the use nf autopsy tissue to record past
infection, high rates of PARV4 exposure were identified
among IDUs in the United Kingdom and Italy.®**2 Infec-
tion frequencles were higher in those who are HIV sero-
positive hut almost absent in low-risk, hepatitis C virus
[HCV}-negative/ HIV-negative contiol populatons.

To facilitace further investigations of PARV4 expostire,
we developed a serologic assay for PARV4 antibodies,
using baculovirus-expressed VP2 proteins as antigen in an
indirect enzyme-linked immunosorbent assay (ELISA).?

. Larger-scale screening coanfirmed associations between
PARVY infection and parenteral routes of exposure (IDUs)

in the United Kingdom and United States, lower infection -

frequencies in HIV-infected gay men, and a complete
ahsence in the general, low-risk population. This study
alse presented the first evidence for PARV4 infection
tarough the use of clatting factor concentrates; 15 from 35
persons with hemophitia exposed to non-virally inacti-
vated Factor VIII/IX concentrates were PARV4 seroposi-
tive, in contrast to only 1 from 35 sibling controls
occupying the same household,

Although the epidemiclogy of PARV4 in Western
countries is relatively well established, FARV4 infections
are much more cornmon and likely transmitted by differ-
ent routes in sub-Saharan Africa. A high rate of PARV4
viremia likely associated with primary infection was
recarded among children aged between 1 and 2 years in
rural Ghana.™ Using the VE2 serclogy assay, we recorded
seroprevalences of 25% to 37% in the Cameroon, Burkina
Fase, and Democratic Republic of the Congo.® A more
recent study described a 10% anti-PARV4 seroprevalence
among childrea with 2 mean age of 4.5 vears in Southern
India; acute infections of two individuals in the latter
study were assaciated with severe encephatitis, represent-
ing an important although likely rare potendal disease
assoclation of PARV4.'S

Given the evidence for a predominantly parenteral
route of PARVY infection in Western countries, we have
guantified the risk of nfeciion through treatment of
persons with hemephilia with plasma-derived blood
products previously shown ta be the source of widespread
infection with HIV-1 and HCV in thls patient group.

TRANSMISSION OF PARV4

Samples collected at the start and end of a 5-year obser-
vation period were assayed for anti-PARY4 to identify indj-
viduals infected during treatment with virally inactivated
clotting factor concentrates. The cohort design provided
samples at 6-month intervals enabling dates of infection
to be narrawed down in seroconverting over the study
period. The virologic and clinical analysis of the infecton
events, along with analysis of the types of clotting factor
administered provided a detailed characterization of the
infection fisk of PARV4 in this vulnerable patient group
and its clinital outeomes.

MATERIALS AND METHODS

Study subjects

Samples from 194 persons with hemophilia were obtained
from the Hemophilia Growth and Development Study
{HGDS) cohort.)” Members of the group with hemophilia
were born between 1972 and 1982, were between 7 and 16
years of age at study entry, and were between 10 and 21
years at the time study samples were taken. Al HGDS
study subjects with hemophilia had used non-virally inac-
tivated clotting factor coneentrate at some time before
enreiment. Nine or more infusions over that period, or
100+ U/kg body welght of factor per year over the 2 years
were yequired for eligibility. Paired samples from each
subject, one each from the time of enrollment and one
from the end of the study 5 years later, were nsed for the
initial screening and samples from intermediate time
points of approximately 5-month intervals were obtained
from subjects showing evidence of PARV4 immunoglobu-
lin {[g)G seraconversion. Follow-up history was collected

and a physical eyam conducted at 6-mmomth intervals.”

These were focused on physical growth and development,
immunolpgic, neuralogic, and neuropsychological func-
tiening. Blood samples were collected at each of these
visits, portlons of which were placed in a central reposi-
tory for subsequent testing. The human subjects commit-
tees of collaborating institutions approved the HGDS,
informed consent was obtained from parents or legal
guardians, and informed consent or assent was obtained
fram all participants, in compliance with the human
experimentation guidelines of the US Department of
Health and Human Services and in accordance with the
Declaration of Helsinki,

PARV4 ELISA

Samples were tested using the previonsly described ELISA
protocol and analysis variables' based on recombinant
PARV4 capsid protein produced in a bacidovitus expres-
slon systepn. Anti-PARV IgM was measured using a modi-
fication of the previcusly described protorol in which the
anti-human IgGchorseradish peroxidase (HREP) conjugate
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was teplaced with a goat anti-human

IgM:HRP conjugate {AbD Serotec,

TABLE 1. PARVA serclogle status at start and end of study period*

Oxford, UK). The IgM assay cucoff was

FARVS statsst

caleulated as for the IgG assay" (aptical Subjacts Puositive/positive Negalive/posilive Negativeiegative
density [OD] of the mean plus 2 stan- | Total 84 (43) 9 (8) 101 (52)

- HIV-positive &1 (48) 71(5) &5 (491
dad deviations of negative contrals | vnagaih 2 38) 2@ %
[IgG-negative, low-risk group}).

Detection of PARV4 DNA by

" Dala ara reported as number (%).
1 PARV4 semlogic status at start/end of study period.

polymerase chain reaction

DONA was extracted from 200 L of serum using 4 DNA
bleed mini kit (QLaamp, Qiagen, West Sussex, UL}
according to manufacturer’s instruictions. Samples were
screened using a nested polymerase chain reaction (PCE}
for PARVA DNA and other members of the Partetravirus
genus, inctuding all eurrently identified PARVY genatypes
to single copy sensitivity. First-round reactions were per-
formed with 5 pL. of extracted DINA using reagents (GoTaq,
Promega, Southampton, UK) accarding to manufacturer's
instructions with the outer primer pair [PARVA DS IGA
AYC AGA CCT TGA ROG SCC and PARV4_DAS CCM CCH
AWC CAY TGA GCT TTW ACT TT). Second-round reac-
tions were performed using 1 pL of fitst-round product as
template and the inner primer pait (PARV4_[5 TAY AAT
TAT GTT GGT CCT GGT AAT CC and PARV4_IAS GGT AAR
ACC TGY GAW ADT TGA ACA TC). Semiquantitation of
viral 3NA load was performed using 10-fold dilutions of
extracted serum DNA in 0.05 pg/ul salmon testes carrier
DNA (Sigma, Gillingham, UK) as template for the nested
PCR. Endpoint titers of 50% positivity in replicate reac-
tions were calculated using the Reed-Muench farmula."

Direct sequencing of PCR preducts and

sequence analysis

Positive second-round PCR amplicons wete sequenced in
both directions using the inner sense and inner antisense
primers used in the second round of amplification.
Sequencing was carried out using a cycle sequencing kit
{Biglrye Terminator v3.1, Applied Biosystems, Paisley, T7K)
according to manufacturer’s instructions. Sequences were
read at The Gene Pool facility (University of Edinburgh,
Edinburgh, UX) and analyzed using computer saftware
{SSE v1.0, P. Simmends, Edinburgh, UK).

RESULTS
HGDS eohort

A tota] of 194 subjects with hemophilia were sampled ac
§-month intervals over & 5-year period between 1989 and
1954, Subjects were 7 to 16 years on eatry, and all had
recelved non-virally inactivated clotting factor concen-
trate before enroflment. A total of 133 (69%) were serop-
ggitlve for HIV-1, and all but four were seropasitive for
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HCV at enroliment. To estimate exposure of the group to
PARV4, samples collected at enrollment were screened for
anti-PARV4 VP2 IgG ELISA (Table 1). A total of 84 from 194
subjects (43%) were anti-PARV4 positive. PARV4 exposure
was not significantdy associated with HIV infection, 61
from 133 (16%) HIV-positive subjects were anti-PARV4
positive campared to 23 from 61 (38%) of HIV-negative
subjects (p = 0.35 by Fisher's exact test; not significant).

Infection with PARV4 during study perfod

Samples collected at the end of the S-year study period,
during which time al} subjects received only virally inacti-
vated clotting factor concentrates, were similarly scresnad
for PARV4 antibodies to identify further PARV4 infections.
All subjects considered seropositive for PARV4 at the start
of the study remained seropoesitive. However, of the ini-
tially anti-PARV4-negative group, nine subjects became
anti-PARV4 positive (Table 1), Of these, seven were HIV
positlve and two were HIV negative (7/72 compared to
2/38; p=0.5). Four further subjects showed small sus-
tained increases in serologic reactivity during the study
period to levels mnging from 0.5 to 2 units. As other tests
were negative, these four subjects have been considered to
be uninfected for the purpese of analysis. No seroconver-
sions for HIV-1 occurred over the study period.

Erom the nine subjects showing evidence of primary
infecting, further samples taken at approximately 6-month
intervals were tested by ELISA (Table 2) and used to narrow
the time window of primary infection. Seroconversion
occurred between 1989 and 1991 in the seven HIV- positive
subjects and between 1992 and 1993 in the HIV-negative
suhjects (Fig. 1). Samples from or inmediately preceding
the rime of seroconversion were analyzed for anti-PARVA
VP2igM. Two of the HIV-positive subjects (subjects “B” and
“E"} showed a clear [gM reactivity cancuerent wich the first
IgG-positive sample. The short-lived nature of the TgM
response was confirmed by testing samples collected at
subsequent lime points from the positive individuals, all of
which were found to show no reactivity

Direct detection of PARVA viral DNA by PCR

To estimate the duration of PARV4 viremia during acute
infection, DNA extracted from the serum of seroconvert-
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TABLE 2. Time course for antl-PARV4 seroconversion and other markers of aguta infection during study period
PARV4 196 arbitrary PARV4 IgM QD Viral titer
Subject Exam dala unils (cuto¥ 0.5) ratio {cutoff 1.3) PARV4 PCR [DMA coples/mL}
A July 1983 0.03 NT NT
March 1980 0.00 NT -
Octabar 1990 0.00 0.8¢ + 10¢
Margh 1991 48.55 103 -
July 1981 3265 NT NT
8 May 1983 Q.00 NT NT
Celobar 1883 0.20 NT NT
May 1333 n.on 1.00 -
Novamber 1990 30.87 1.44 + 1
May 1951 100.00 0.98 -
c June 1585 D.00 112 -
January 1480 B54.28 1.22 + o
Movember 1950 100.00 NT -
August 1991 100.00 NT MT
D July 1929 015 NT NT
May 1560 0.00 NT NT
Seplembar 1950 0.00 NT -
March 1991 a.00 110 + g%
Qctobar 1994 100.00 1.01 -
E Mard‘g 1930 a8 NT NT
August 1920 Q.00 1.03 - .
April 1951 2047 167 + <10*
Octobar 1991 24.42 0.92 -
April 1982 27.30 NT NT
F May 1989 a.0a NT -
Dacember 1929 012 106 -
June 1980 18.22 1,18 -+ <10t
QOctobar 1390 5.18 NT -
Juna 1991 3.14 NT NT
a July 1992 0.24 NT -
December 1332 0.00 1.00 + <R
August 1993 100.00 1.05 + <10?
June 1894 95,10 NT -
H September 1992 a.aa 1.16 -
March 1893 2277 1144 + 10
Septomber 1993 28.55 NT -
September 1934 18.76 NT NT
i January 1990 0.12 NT NT
Juna 1950 Q.22 129 -
Febsuary 1991 42.99 1m + 10
June 1991 7B.69 NT -
December 1991 76.79 NT NT
NT = net tested.

ing subjects was screened by nested PCR As with IgM
screening, samples from and immediately preceding
seroconversion were screened. Viral DNA cowld be
found in all of the seroconverters. In six of the nine
PCR-pasitive subjects, the sample from the time of sero-
conversion was positive; in two of the nine, the sample
immediately before the conversion sample was pasitive;
and in the remaining subject there was a sustained
detection at both the time point before and at serocon-
version for antibody. The predicted resolution of viremia
was confirmed by testing of further samples from time
points before and after positive results and demmonstrat-
ing that these further samples were all negative,

Amplicons from PCR-positive subject samples wers
sequenced using both secand-round primers, All samples
were confirmed ta be PARVY and identified as Genotype 1
(Subjects E, G, and H) and Genotype 2 (Subjects A-E and D).
Viral titers were astessed by semiquantitative PCR using
10-fold dilutions of serum DNA template in quadruplicate,
As the PCR used has been shown to be sensitive to a
single copy, the limiting dilution results were used to cal-
culate semiquantitative plasma viral titers (Table 2).
Despite the relatively wide sarnpling intervals in the study,
intense viremia was detected in two of the seroconverting
subjects (Subject I, 10°° DNA copies/mL; Subject H, 10°
DMA copies/mL).
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Clinical presentations concurrent with
PARV4 infections
Treatment histories, bloed chemistry, and elinical data
from physical examinatons during sampling visits were
available from each seroconverting subject (Table 3). A
wide range of different manufactured clotting factor con-
centrates administered in the 6 manths before serocon-
version were associated with PARVY infection, including
bath salvent/detergent (5/D)- and heai-treated materials.
The absence of HIV-1 seroconversions over this perind is
consistent with a greater resistance of PARVS to the virus
inactivation methods used in this period.

Persons with hemophilla presented with a range of
symptoms and signs during the perjod of anti-PARVA

* seroconversion. Far the HIV-positive subjects, many of

these likely relate directly to comorbidities assaciated with
HIV-1 infection (for example, the lymphadenopathy of
Subjects B and F was also noted in previous examinations)
and hemophilia (such as joint problems, etc.). Distegard-

g

Antibady level (Units]
[
5

-

Cutodf [0.5) [

01

.01 T
1539 1520 1891 1992 1993 1934 1595
Sample Date (calendar year)

Fig. 1, Antibody levels in sequential samples. PARV4 anti-VP2
levels in sequential samples from the nine seroconverting
subjecta. Subjecta A through P and T were HIV infected; the
later seroconversions (1, ) were HIV uninfected,

ing these, the only repeatedly ohserved clinical presenta-
tions were rashes [Subjects I, E and 1} and unexplained
hepatitis in the two HIV-negative subjects, Subjects G and
H, although these were not associated with significant
elevation in alanine aminotransferase or aspartate ami-
notransferase levels during the period of acuie PARVY
infection {alanine aminotransferase values of 18, 26, 16,
and 17 international units (IUs]tml. for the four test
samples listed in Table 2 from Subject G and 58, 98, BS,
and 34 TU/mL for the four listed samples from Subject H}.
No clinically presenting cases of meningitis or encephali-
tis ar neurologic abnormalities (other than associated
with hemaphilia complications) were found in the cohort.
Mo measured variables on clinical chemistry (liver
enzymes, biochemistry) or hematologic (cell counts,
hemoglobin} testing showed consistent associations with
acute infection with PARV4 (data provided at http://
www.virns-evolution.org/Downloads/ Trans-2011-0496/).

DISCUSSION

This study documents, for the first time, the occurrence
and virologic features of acute infection in persans with
hemophilia with PARV4 during a period when treatment
was restricted ta virally inactivated clotting factor concen-
trates. Both the initial seroprevaience [43%) and the mea-
suwred incidence of infection pver this perivd (nine
infections among 110 initially PARV4-uninfected indi-
viduals) is consistent with previous reports for much
higher rates of PARV4 infection in this group than the
background population and sibling contrels” that can
hest bé expjained by their parenteral exposure to plasma-
derived blood products.

The association of viremia with IgG seroconversion
furthermore provides convincing evidence of the sensitiv-
ity and specificity of the anti-PARV4 ELISA. As discussed
previously,'® the use of baculovirus-derived VP2 antigens
fiom PARV4 aleng with controf antigens from meck-
infected Spodoptera frugiperda 9 cells creates a resilient
seralogic assay with low levels of nonspecificity, as dem-

TABLE 3. Clinical backg 1d and pr i3 at primary Infection
Subject Blood product lype* Inactivation{ HIv Prasentatianf
A M1 DH Positiva Sara throat, fever
B8 M2 and M3 EDAWH Positive Enlargad LNa (also pre)
[ M4 WwH Positive Enlargad [Ns
[a] NR-Al 8D or WH Pasitivae Rash, shingles
E NR-heat traated WH or OH Positive Nene
F M5-Al sD Posltiva Rash, enfarged LNs {alsa pra)
1 Mg WH Positive Rash (alsg pra}, pneumonia
<} M1 an¢ M3 WH Negativa Hepatilis exacarbation
H MG-Af and M1 SDAWH Negative Hepatills axararbation

Manufaciurar code (M1-M8; NR = net recorded) and typa of claiting factor toncenirata adminislered in the 6 months before sarcconver-
slan for PARV4. Al = monocional antibody affinity isolaled proparations.

1 Inactivation method usec: DH = dry heat itypically 80°C); WH = wel heat {pasteurization; typically 60°C}; SD = S/ inaclivation.

3 Cinical prosentation in exnmination at first time peint after seroconversian for PARVA, ENs = lymph nodes,
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onstrated by the complete absence of serologic reactivity
in control populations in Edinburgh and France without
histories of parenteral exposure. The sensitivity of the
assay is demonstrated by the uniformly high and rapid
rises in serologic reactivity in acutely infected individuals
(Fig. 1); PARV4 antibody levels in the initial positive
samples ranged from 18 to more than 100 antibody units,
where the cutoff for the assay (based on variance of nega-
tive controls) was set at 0.5, Using an assay format similar
to the one in the current study, Lahtinen and coworkers'®
have similarly documented high and rising optical densi-
ties, codetection of IgM, and viremia over at least a 4-week
peded in twe HIV-positive individuals likely exposed to
PARV4 through needle-sharing injecting drug use. As for
B19V® the performance of VP2-based assays is likely
enhanced by the spontaneous folding of expressed
protein into virus-like particles that reproduces hoth
lincar and conformational epitopes exposed during
PARV4 infection.

The association of seroconversion with intense’ PARVA
viremia recapitulates what occurs during primary infec-
tions with the erythrovirus B15V, For the latter, virus levels
peak over a period of a week during primary infection, then
decline to low levels that may persist for several weeks or
maonths after primary infection at levels of approximately
10% to 16* TUs/mL. Although the relatively wide spacing of
study samples prechuded detailed analysis of the virologic
events during acute PARV4 infections, the observation of
two individuals with high-level viremia (10°-10 DNA
copies/mL) and several mozre with lower levels [<10%-104
copies/ml) is consistent with the pattern of intense
viremia and relatively slow resolution abserved in B19V,

As well as documenting the natural history of PARV4
infection, the study provides clear evidence for the infec-
tivity of clotting factor concentrates that had been virally
inactivated using methods effective for the enveloped
viruges, HIV-1, HCV, and hepatitis B virus.?* The nine
infections that occurred during the study period origi-
nated from treatment with a variety of different clotting
factors that reflects the diversity of manufacturers’ blaod
products at thar time. While it might be anticipated that
PARV4, along with B15V and hepatitis A virus, might be
resistant to 5/D-based inactivation methods, PARV4 was
additionally resistant to pasteurization and other heat
treatments. Without kmowing the viral loads of PARV4 in
the sowxce plasma used to make the various blood prad.
uets, it is difficult to conclude whether these viral inacti-
vation steps reduced PARV4 infectivity. An [ncidence of
nine infections in 110 exposed individuals in § years is
lower than the incidence of PARV4 infection before study
enrolment, where 84 from 194 persons with hemophilia
became infected. With a mean age at enrglment of 11.5
years, this amounts to an anhualized incidence of 3.7%,
over twice that observed in the study peried (1.6%).
However, contributing to the lower incidence in the stugdy
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perlad may have been reductons in the numbers of
PARV4-viremic donors, coinciding with the introduction
of screening for HIV-1 screening and latterly for HOV, bath
asgociated with [DY risk behaviors shared with PARV4,
Viral inactivation steps have therefore [ed to, at best, a
maodest reduction in the infectlon tisk of plasma-derived
clotting factors for PARVA.

The inactivation resistance of FARV4 resembles that
of B16V, where treatment-associated infections have con-
tinued throughaout the period of use of virally inactivated
clotting factors. Both B19V and canine parvovinis used a
model virus in previous virus inacdvation experiments
that has been previously shown to be resistant to 5/D
inactivation methods and moderately resistant to heat
inactvation®* For B9V, the only effective step to
prevent fransmission is screening source plasma units for
E19V DNA, thereby preventing high-titer danations from.
contamination plasma paols wvsed subsequently for
manufacturing, restricted in Europe to 10* IUs/mL

The ongoing risk of transmission of PARVY to recipi-
ents of bload and blood products 1equires as yet undeter-
mined information on its incidence and viremia
frequency in blood and plasma donors, the effectiveness
of predonation exclusion of individuals with identifiable
risk factors for PARV4 infection (such as current injecting
druguse), its cooccurrence with HCV and HIV-1 infections
that would lead te donation exclusion, its partitioning into
plasma components, the presence and titer of neutraliz-
ing antibody from other plasma units, and finally, its resis-
tance to currently used viral inactivation procedures (that
are more effective than those used during the study
period), Although much of the information required for
this risk assessment is currenty undetermined (particu-
larly doner incidence and viral loads), detection frequen-
cies of PARV4 DNA in recently collected commercial
source plasma pools fiom several sources have been
found to be relatively low (4%; 14 from 351%) and generalky
with low viral loads (<200 DNA copies/mL). PARV4 DNA
similarly contrasts with B19V in being infrequently detect-
able in clotting factor concentrates; in recent studies,
0% to 9% of recently manufactured solvent- or heat-
inactivated concentrates were a PARVA DA, positive™ T

On the other hand, increased infectivity may arigi-
nate from a likely much lower frequency of comanufac-
tured PARVY antibody-positive plasma units, In the case
of B19V virus neutralization has been considered an
impottant factor in restricting the infectivity of bath
pooled plasma and blood producis to those with relatively
high viralloads (>107 IUs/mL?"). This protective effect may
not extend to a plasma-donating population with a low
serpprevalence of anti-FARV4.

The final factor inthe evajuation of PARV4 as apoten-
tiaf threat to blood product safety is lts capabitity fuc
causing disease in acutely or chronically infected indi-
viduals. Acute infections have been particularly problem-
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atjc to investigate; those few that have been identified to
date were usnally HIV coinfected with a series of comor-
bidities that complicate clinical assessments.™ It is diffi-
cult to draw analogies with other parvoviruses because
their clinical presentations vary considerably; B19V
causes miild disease and rash, but can cause fetal damage
as well as aplastic anemia in those with existing hemato-
logic disease. In cantrast, the recently discovered human
botaviruses have been associated with respiratory disease
in young children, and for HBoV Type 2, gastroenteritis.
Disease presentations in animal parvoviruses are similarly
diverse. .

A recent study describes acute PARV4 infections in
association with severe encephalitis in two children, in
Southern India,'® although its exact causative role remains
to be firmly established. Certainly, despite close and life-
tong clinical monitoring, no similar ocourrences of neuro-
logic presentations have been recorded in persons with
hemophilia who have been exposed to PARVY, although as
described, coinfection with HIV-1 may complicate clinical
assessments. Given the exttemely high incidence of PARV4
infection in young children in sub-Saharan Africa and
likely Southemn and Southeast Asia, severs neurclogic
disease of the severity described by Benjamin and cowork-
ers" must be rare. Among the nine infected persons with
hemophilia in the current study, seven were HIV coin-
fected and their clinical presentations of lymphadenaopa-
thy and possibly rash were potentially RIV related. It was,
however, intriguing to note the accurrence of acute hepa-
titis in the two HIV-negative subjects at the time of
primary infection. While PARVA DNA sequences have
been detected in liver and the virus may be hepatotropic,
it js possible that hepatitis symptoms otiginated from an
exacerbation of chronic HCV infection rather than a de
novo infection.

In summary, PARV4 is a transfusion-transmissible
agent that is resistant to viral inactivation. PARV4 may
still be regularly transmitted by plasma-derived blaod
products; determining the frequency with which this
occurs and disease associations of PARV4 during primary
and long-term infection both tequire urgent evaluation.
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CDC Reports More Cases, Hospitalizations and
Nation’s First H3N2v-Associated Death

The information contained in this web update reflects the situation at the time of posting, It
may not reflect the current situation. Please see Influenza A (H3N2) Variant Virug
flu/swineflu/hgngv-outhreak.htm) for the most recent information related to

H3Nav.

Today, CDC is reporting 12 additional cases of H3N2 variant virus (HaNav) infection, as
well as the first HyNav-associated death, which was reported by the state of Ohio. The
death occurred in an older adult with multiple underkyi alth conditions

flufabout/di high_risk.htm) who reportedly had direct exposure to pigs in a fair setting.
While limited person-te-person spread of this virus las been detected and likely continues
to oecur sporadically, no sustained community fransmission has been found. CDC s
monitoring this situation and working with states to respond to these evolving outbreaks,
The agency continues to urge people at high risk from setious flu complications to stay away
from pigs and pig arenas at fairs this summer. : :

"We're saddened to hear about the death of one person in Ohio associated with the current
H3zNavouthreaks,” says CDC's Dr. Lyn Finelli. "Like with seasonal flu, we have heen — and
continue to be — particularly concerned about people with factors that put them at high risk
of serious complications if they get the flu. These people should absolutely not have contaet
with pigs or visit pig arenas at fairs this summer." Dr. Finelli is Lead far the Surveillance
and Outbreak Response Team in CDC's Influenza Division.

High risk factors for serious flu complications include: being younger than 5 years

_(especially children younger than 2 years), or 65 and older, pregnancy, and certain chronic

medical conditions like asthima, diabetes, heart disease, weakened immune systems, and
neurological or neurodevelopmental conditions. A full list of high risk conditions
(/flu/about/disease/high risk.htm] is available on the CDC seasonal flu website.,

"Anyone with a high risk factor should not only aveid pigs and pig arenas at fairs, but they
should also seek prompt medical attention if they get flu-lke symptoms, especially if they
have pig exposure, but even in the absence of pig exposure,” Finelli says.

CDC has issued funformation for clinicians on HaNgy (/flu/swineflu/hanav-cliniciap.htm) ;
guidance which underscores the importance of rapid antiviral treatment of influenza,
including H3N2v virus infeétion, in high risk patients. The H3N2v virus is susceptible to the
influenza antiviral drugs oseltamivir (Tamiflu &) and zanamivir (Relenza ®).

For seasonal flu, CDC r flu/takingcare htm) that it is best that people with high
risk conditions who develop flu-like symptotns contact their doctor, tell them about their
symptoms, and remind them about their high risk status. For the current H3N2v outbreaks, -
if high risk people have exposure to pigs, it's especially important that they tell their doctor
about this exposure. '

"Like with seasonal flu," Finelli says, "prompt antiviral treatment in a high risk person can
mean the difference between having a milder illness versus a very serious iliness that could
result in a hospital stay or even death,” says Finellj, "This message is critical not only for
people who are at high risk, but for Ameriea’s doctors who are treating these patients, We
want their suspicion for H3N2v to be high right now. Ask patients with influenza-like-

httpeiwww.ede.pov/flw/spotlights/h3n2v-mare-cases.htm 21012/09/10
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illness if they have pig exposure, but regardless of whether they do, if they have a high risk
factor, treat them empirically with antivirals for influenza without waiting for testing
results.” .

The 12 new cases reported this week are from the states of Minnesota (1), Ohio (3),
Pennsylvania (1), and Wisconsin (7). Cumulative totals for 2011 and 2012 by state are
available in the .

Symptoms of H3N2v have been consistent with seasonal influenza and can include some or
all of the following: fever, cough, sore throat, ranny or stuffy nose, muscle or body aches,
headaches and fatigue. Like with seasonal flu, it’s possible that not everyone will have a
fever. This may be particularly true in elderly people or people with weakened immune
systemns, whose bodies may not mount as effective an immune response to the virus
infection. :

Found in U.S. pigs in 2010 and humans in July 2013, this H3N2v virus appears to spread
more easily from pigs to people than other variant influenza viruses. Most reported cases to
date have occurred in people who are exhibiting or helping to exhibit pigs at fairs this -
season after close and prolonged contact with pigs. "So far more than 9o percent of cases
have occurred in people who are exhibiting or helping to exhibit pigs, or who are family
members of these people. That is why our message is so targeted,” says Finelli. CDC has
developed recommendations and materials for people attending fairs this summer and is
working with states as well as organizations like 4-H National Headquarters and the
International Association of Fairs and Expositions to disseminate these messages and
materials (/flu/swineflu/hanzv-audiences htm) .

CDC also has developed su i i

schools.htm) . Last year, there was at least one outbreak of H3N2v in a day care setting in the
fall and CDC believes it possible that localized outbreaks of HaN2v, particularly in schoals
or day cares, may cccur as the weather turns colder and séhools across the country are
underway. “The gnidance document is a heads up for schools to be aware of, and on the
look-out for, illness with this virus,” Finelli explains. ’

"It’s important to remember that this is an evolving situation that could change quickly.”
Finelli concludes, "We're constantly looking at our data and re-evaluating.”

* Page last reviewed: August 31, 2012
Page last updated; August 31, 2012 ~
Content source: j i
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Morbidity and Mortality Weekly Report (MMWR)

Notes from the Field: Highly Pathogenic Avian
Influenza A (H7N3) Virus Infection in Two Poultry
Workers — Jalisco, Mexico; July 2012

Weekly
September 14, 2012 / 61(36);726-727

During June~August 2012, Mexico's National Service for Health, Safety, and Food Quality
reported cutbreaks of highly pathogenic avian influenza (HPAT) A (H7N3) virus in poultry
on farms throughout the state of Jalisco (1,2). This report describes two cases of
conjunctivitis without fever or respiratory symptoms caused by HPAT A (H7N3) vitus
infection in humans associated with exposure to infected poultry.

. Patient 1. On July 7, a poultry worker aged 32 years complaining of pruritus in her left eye

was examined at a clinie in Jalisco. Physical findings included redness, swelling, and
tearing. Conjunctivitis was diagnosed; the patient was treated symptomatically and
recovered fully. Becaunse the patient had collected eggs in a farm where HPAI A (H7N3)
virus was detected, the Institute for Epidemiological Diagnosis and Reference, Mexico,
tested ocular swabs from both of her eyes for influenza A (H7) by real-time reverse
transcription—polymerase chain reaction (RT-PCR), and embryonated chicken eggs were
inoculated for viral isolation. The swab material was positive for influenza A (H7) virus by
rRT-PCR and virus was isclated from each eye. These findings were reported to the World
Health Organization on July 19, and full genome sequences (CY125725-32) were uploaded
to GenBank. The virus was closely related by nuclectide sequence to previously reported
HPAI A (1i7893) viruses collected during poultry outbreaks in Jalisco with sequences
available in GenBank (JX397993, JX317626). , .

Patient 2. A man aged 52 vears, who was a relative of patient 1 and worked on the same
farm, developed symptoms consistent with conjunctivitis on July 10 and sought care at a
local clinic on July 13. He was treated symptomaticaily and recovered without sequelae.
When public health authorities became aware of this patient, they obtained eye swabs,
which were tested by rRT-PCR, revealing influenza A (H7).

Mexico has continued its efforts to.contain poultry outbreaks in affected areas in Jalisco,
Those efforts include quarantining affected farms, culling infected birds, vaccinating
uninfected birds, and disinfecting contaminated areas. Government agencies also have
provided personal protective equipment to farm personnel and are conducting active
surveillance for influenza-like illness (ILI) and severe acute respiratory illness at two
serttinel sites near the outbreak.

Avian influenza A viruses are designated as HPAT or low pathogenicity avian influenza
(LPAI) based on molecular characteristics of the virus and the ability of the virus to cause
disease and mortality in birds (g). To date, only influenza A (H5) and (H7) subtypes have
been described as HPAI, Influenza A (H7) subtype viruses have been detected in wild birds
in thany parts of the world and can cause outbreaks in poultry. Infleenza A (H7) infection in
hurnans is uncommen, but can oeeur after direct contaet with infected birds, especially

bitp:/www.cde. govimmwripreview/mmwrhtml/mme 136a4 him?s_cid=mm6136ad_w 2012/09/27
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during outbreaks of influenza A (H7) virus among poultry (4). lness can inclnde
canjunctivitis without fever, upper respiratory tract symptoms, or both (4,5), and severity
can range from mild to fatal (4). In the United States, avian influenza outbreaks in poultry
are rare, but they are detected and reported sporadically. In the United States, only two
cases of illness with LPAI A (H7) virus infeetion are known to have oceurred in humans,
both of whom recovered (6,7).

The conjunctivitis eases in Jalisco most likely represent HPAT A (H7N3) virus transmission
from infected poultry to bumans through direct contact. United States agricultural, public
health, and clinical personnel should be aware of these poultry outbreaks with transmission
to humans in a neighboring country. Persons working with peuoltry known or suspected to
be infected with influenza A viruses should use appropriate personal protective equipment,
including face masks, gloves and eye protection (e.g., goggles). Clinictans and
epidemiologists should consider avian influenza A virus infection in patients who have
conjunctivitis or ILI and have contact with poultry in areas with known avian influenza
outbreaks. Clinicians who suspect avian influenza A virns infections in humans should
obtain a conjunctival or respiratory specimen, or both, depending on signs and symptoms,
and submit samples to a national, regional, or state public health laboratory to enable
specific influenza testing. Clinicians also should consider early empiric antiviral treatment
of suspected cases with a neuraminidase inhibitor (8,9). Public health officials should
survey family members and contacts of infected persons to find cases of human-to-human
transmission.
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BLOOD DONGRS AND BLOOD €OLLECTION

Dengue viremia in blood donors identified by RNA and detection
of dengue transfusion transmission during the 2007 dengue
outbreak in Puerto Rico

Susan L Stramer, Jeffrey M. Linnen, James M. Carrick, Gregory A. Foster, David E. Krysztof,
Shimian Zou, Roger ¥. Dodd, Lourdes M. Tirado-Marrero, Elizabeth Hunsperger,
Gilberto A. Santiago, Jorge L. Mufioz-Jordan, and Kay M, Tomashek

BACKGROUND: In 2007, a tota! of 10,508 suspected
dengue cases wers reported in Pueno Rlco. Slood
donations were tested for dengua virus (DENV) RNA
and recipients of ANA-positive donatlons traced ta
assess transtuslon {ransmission.

STUDY DESIGN AND METHODS: Blood dopation
samples from 2007 were maintained in a repository and
tested individually tor DENV BNA by transcription-
mediated amplification (TMA); a subset was furlher
tested by an enhanced TMA (eTMA)} assay. TMA-
reactive sampies were considered confirmed if TMA
(including e TMA) was repeat reaclive (RR). Al TMA-RR
samples were lested by quantitative, DENV type—
spacific raverse transcriptase—polymerase chain reac-
tion {RT-PCR) and for anti-DENY immunoglobulln (1g)M
by enzyme-linked nmunosorbent assay. Samples posi-
tive by RT-PCR were further 1ested for infectivity In
mosquite cell culiure. Pailents receiving companents
fromn TMA-RR danalions were fallowed.

RESULTS: Of 15,350 donalion samples tested, 29
wera TMA-RR for a prevalence of 1 per 528 {0.15%,).
OENV Types 1, 2, and 3 with virat liters of 105 1o 10°
copies/mL wera detected by RT-PCH, In 12 samples of
which all wera infecticus in masquito culture. Six
TMA-RR samples were Igh pasilive. Threa af the 29
recipients racalving TMA-RR donations were fested.
Ona raclplent in Puerts Rico transfused with red blood
cells conlaining 10" coples/mL DENV-2 becama febrile
3 days posttransfusion and developed dengue hemer-
rhagic fever. The recipiet was DEMV-2 RNA positive
by AT-PCR; both the donor and 1he recipient viruses
had Identical envelope sequences.

CONCLUSIONS: High rates of virernia were detectad in
bload donors in Puerte Rico coupled with the first docu-
mented fransfusion ransmissien of severe dengue
disease, suggesling 1hat further research on intarven-
tions is nesded.

engue js a disease caused by four related RINA

viruses of the genus Flavivirus, dengue virus

{DENV}-1, -2, -3, and -4, However, not all

DENV infections result in clinically apparent
disease. Approximately 75% of all DENV infections are
asymptomatic, including those among adults>® Bach
DENV type is capahle of causing the full spectrum of
disease from nonspecific, acute febrile illness to severe
disease including dengue hemorthagic fever (DHF) and
dengue shack syndrome. Approximately 5% of patients
with dengue develop severe disease, which is thought ta
occur more commonly among those with second or
subsequent infections.” Infection with one DENV-type
produces lifefong immunity against that DENV-type
and short-term (=<2 menths) cross-protection against

ABEREVIATIONS: ARC = Ametican Red Cross; DENV(s) =
dengue virus(-es); DHF = dengue hemarthagic fever, ED =
emergency department; eTMA = enhanced transcription-
mediated amplification; [R = initfally reactive; MAC-

ELISA = immunoglebulin M—capture enzyme-linked
immunosorbent assay; PDSS = passive dengue surveillance
system; RR = repeat reactive; 5/C0 = signal to cutoff;

TMA = transcription-inediated amplification.
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infection with the other three DENVs.'*7 Therefore, an
individual may have up to four DENV infections in their
lifetime.

DENVs are pritnarily transmitted from person to
person through the bite of an infected Aedes zegyptf ar
Aedes albopictus mosquito." DENV zeplicates in hurnans
for 3 to 14 days before symptom onset. Infected persons

can transmit DENV o mosquitoes as early as | to 2 days

before symptoms develop and throughout the approxi-
mately 7-day virernle period.” Because of this, and the fact
that viremia can be high ttet (in excess of 107 viral BNA
copies/mL) even amang those who remain asymptom-

atic, DENV may be transfusion transmitted.’*!* Cases of

dengue after receipt of bload products ar donor organs or,
tissue and after occupational exposure in a health care
setting have been reported."'” However, the true inci-
dence of transfusion-transmitted dengue is unknown
because many infections ate asymptomatic or result in
mild, nonspecific febrile illness that may not be recag-
nized as transfuslon acquired, and if a case is suspected,
transfuslon wransmission [vs. vector-bomne transmission)
is difficult to prove in recipients in dengue-endernic eoun-
tries. Moreover, there is no surveillance for such events,
and diagnostic services to Investigate infections and their
sources are often not widely available in many endemic
countries.”

Dengue is a major public health problem in the
tropics; an estimated 50 million cases occur annually and
40% of the world’s population lives in areas with DENV
transmission. ' Dengue is nat endemic in the continen-
tal United States, Hawaii, or Alaska;¥®* however, several
dengue outhreaks with local transmission have oceurred
in Texas, ™" Hawaii,*** and Florida® in the past decade.
Dengueis endemic in the US territories of Puerta Rico, the
Vitgin Islands, and American Samea, and millions of US
travelers are at risk as dengue is 'the leading cause of
febrile Ulness among travelers returning from the Carib-
bean, Ilatin America, and Scuth Central/Southeast
Asia 4

In 2007, there was a large, islandwide depgue out-
break in Puerte Rico with 10,506 reported cases.™ [t
was the largest outhreak in Puerto Rlco in nearly a
decade and only the second outbreak ta invalve the
simultaneous transmisslan of all four DENVs (although
DENV-3 predominated followed by DENV-2). The 2007
outbreak was notable for the reappearance of DENV-1
and DENV-4 after nearly a decade of absence and an
Increase in disease severity compared with the 1994 to
1995 and 1998 outbreaks. It was in this context that
we tested blood donations Ior DENV RNA to determine
the rate of donors presenting with DENV ENA posi-
tivity and viremia as assessed by infection in mosquito
cells; we also evaluated' recipients of RMNA-positive
units to-determine if transfusion tansmission could be
documented,
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MATERIALS AND METHODS

General approach

Gver 28,000 EDTA plasma samples collected in plasma
preparation tubes (PPT, Becton Dickinson, Franklin
Lakes, N]) from blood donations to the Puerta Rico
region of the American Red Cross (ARC) during the
dengue outbreak in 2007 (June-December) were retained
frozen in a repository. After the dengue season, and the
number of available samples by week were assessed rela-
tive to the epidemic, selected samples (focusing on the
peak weeks of the epidemic) were batch tested for DENV
RNA using transcription-mediated amplification (TMA;
Gen-Probe, San Diego, CA). Samples were TMA tested
individually with initially reactive (IR) samples retested
by TMA in duplicate. TMA repeat-teactive (RR) samples
were considered positive.® TMA-RR samples were
diluted 1 to 16 in piasma screened negative for all infec-
tious disease markers including DENV RNA, and the
dilutions were retested using the same TMA assay in
singlet. All DENV RNA testing was performed dusing
2008 at Gen-Probe. Virologic, infectivity, and serclogic
testing performed an all TMA-RR samples at the Dengue
Branch of the Centers for Disease Control and Prevention
(CDC) in Puerte Rico included qualitative and guantita-
tive DENV type-specific real-time, reverse transcriptase—
polymerase  chain reaction (RT-PCR), mosquito
(A albopictus) cell culture (C6/36 cells), and any-DENV
immunoglobulin (gM-capture enzyme-linked immun-
osorbent assay (MAC-ELISA)*% Hospitals receiving
components from TMA-RR donations were contacted far
recipient follow-up including elicitation of a history of
illness, administration of  tisk factor questionnaite, and
submission of a serum sample to the Dengue Branch,
CDC, for diagnostic testing for evidence of DENV infec-
tien including RT-PCR, MAC-ELISA, and anti-DENV [gG
ELISA. Due to the retrospective nature of the study
recipient contact only occurted at 1 year or more after
teansfusion. The institutional review hoard of the ARC
approved the study.

DENV TMA assay

The DENV TMA assay used for this study is based on the
same technology as blood screening assays (PROCLEIX,
Novartis Vaccines and Diaghostics, Emeryville, CA) for the
RNA components of the heman immunodeficiency virus
(HIV] and hepatitis C virus (HCV) TMA assay (Ultric assay,
Gen-Probe, San Diego, CA; and Novartis Vaccine and Diag-
nostics} and that of the West Nile virus (WNV) assay (Gen-
Probe/Novartis}, both of which have been licensed by the
US Food and Drug Administration, The DENV TMA assay
is a tesearch qualltative nucleic acid test for the detection
of DENV RNA, which includes target capture and TMA,



followed by chemiluminescent detection of DENV RNA.
The assay design most closely resembles the PROCLERX
WNV assay including the same base reagent formul-
atons (with dengue-specific aligonucleotides) and
pracessed on the automated system (TIGRIS, Novartls)
utilizing seftware that performed all cutoff calculatinns
and validity criteria using the same interpretative
algorithms as the WNV assay. In a comparative study of
DENV TMA and RT-PCE, TMA was 10 to 100 times more
sensitive than RT-PCR and could detect RNA in Gp
o B0% of clinical cases that were RT-PCR negative®
The DENV TMA assay can detect all four DENV types to
below 20 copies/mL.11*° A subset of donations that tested
TMA nonreactive [n = 8684) was retested by an enhanced
TMA (¢TMA). Based on internal Gen-Probe results, the
eTMA assay is more sensitive than the routine TMA used
in this study. The eTMA assay shawed 95% detection
at 14.9, 183, 13.0, and 16.4 copies/mL DENV-1 (35%
confidence interval (CI), 11.7-20.4), DENV-2 [95% CI, 14.4-
24.7), DENV-3 (95% CI, 10.3-17.6), and DENV-4 (13.0-
22.2), respectively.

Recipient tracing

After hospital or transfusion service notification of the dis-
tribution of potentially infectious DENV RNA-containing
campohents, recipients of TMA-RR donations were traced,
consented, and tested for evidence of DENV infection after
transfusion. Evidence of current or past DENV infection
required the presence of DENV RNA and/or [gM and IgG
antibedies in follow.up samples from the recipient with
signs and symptoms consistent with dengue infection
from the recipient’s chart review. Consenting reclpients
also cornpleted the questionnaire regarding DENY clinical
history and risk factors. Serum samples from ENA-positive
recipients and their respective dona-

tions were inoculated into cuttured

C6/36 rells and the presence of virus was

confirmed by RI-PCR and indirect
immunofluorescence, Isolates were
further propagated and viral RNA was

PENGUE TRANSFUSION TRANSMISSION

lutionary distances were computed and several E gene
sequences fram GenBank were included in the phyloge-
oetic tree to support tree topology. Multiple sequence
alignment was performed using ClustalW. Evolutionary
distances were inferred using neighbor-joining trees.

RESULTS

'2007 dengue oulbreak in Puerto Rico

During the 2007 dengue season in Puerto Rico, 10,508 sus-
pected cases of dengue, or 2.9 cases per 1000 populasion,
were reparted to the passive dengue survelilance system
(PDSS). The PDSS is collaboratively operated by the
Puerto Rico Department of Health and the CDC, Dengue
Branch. By law, dengue fever, DHE and/or dengue shock
syndrome are reportable conditions in Puerto Rico and
suspected cases are reported via PDSS along with submis.
sion of a serum sample for free dengue diagnostic testing,
All four DENV types were in circulation in 2007 with a tota)
of 3293 (33%) processed samples confirmed positive for
DENV. DENV-3 and DENV-2 were detected mast often (62
and 31%, respectively). Mote than S0% (52.5%) of reported
cases were hospitalized, one-third (31.8%) had hemor-
rthage, 2.2% had DHE and there were 44 reported deaths.
Arepository of 28,277 samples fram blood donations col-
lected in Puerta Rico from June 1 to December 31, 2007,
was created during this outbreak

DENV TMA repsat reactivity and averall prevalence
of DENV RNA among blood donatlons

. 0f 15,350 samples randemly selected from Peak Weeks 32

to 49 for DENV RNA testing by TMA, 28 were TMA-IR and
25 were TMA-RR for 2 positive rate of 1 per 614 {0.16%;
Fig. 1). The 25 TMA-RR samples included DENV-1, -2, and

Blood donations retained during the 2007
dengue season {(June-Dec) (n = 28,227)

Dronations tested for DENYV RMA by TMA
{a = 15,150)*
1

extracted fmrn. culture supernatant pr— c"iw p—r FYgwr i:imriﬁ o

using the Universal BioRobot 16 [ (n=13322) j [ (0 =25; of 28 initially reactive)
System {Qiagen, Valencia, Ca)., The

BioRobot Universal System autotnates [ Further testing by €TMA 7 Resipient tracing

and integrates all the instrurmentation, (n=8,960) { [n =25); 1 positive recipient ofsj

software, puwification and enzyme-

related steps required for high- L RR units identified

throughput molecular  applicatinns

(n=4; of 7 initially reactive}

including RNA purification from blood.
The envelope glycoprotein (B) gene was [

Recipient tracing
(0 = 4); 0 recipients tasted

amplified and sequenced; sequence
data were restricted to the E gene

Fig. 1. DENV blaod donatlon screening algorithm and TMA scresning results includ-

open reading frame (1485 bp). GenBank  ing the 29 TMA RR blood donarions, *TMA specificlty based on IR samples that did
accessien numbers were obtained. Evo-  not repeat as reactive = 15,315/15,321 = 99,96% {95% CI: 99.93-99-99),
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TABLE 1. DENV TMA-RR blood danati collected (n Puerto Rica in 2007
S/CO by TMAT S/CO by aTMA CDE testing
Unit Initiat Aslasl 1:18 Initial Retesl 118 Serotypet Viral load (copiesiml) Ca/ass Anti-DEMV IgM
+ 27.75 3899 389 £7.18 88.52 DENV-2 112 x10* Pos Neg
2 32.249 33.30 3114 DENV-Z 508 x10% Pog Paos
g 33.30 3738 35.39 g1.10 B3.00 DENV-2 135 10" Pos Nag
4 37.66 39.16 40.26 8713 88.32 DENV-3 7.25 % W07 Pas Neg
E 40.29 27.03 36.140 B2.29 92.03 DENV-3 1.37x107 fos Neg
3 3213 35.03 34.99 DENV-3 1.18 % 107 Pos Neg
7 3391 3287 33.89 DENV-3 767 k08 Pos Neg
B ne7 059 0.7 DENV-1 4.49 % 100 Pos heg
] 19.14 13.34 [13-3] DENY-2 2.82 x 10° Pos Pos
10 330 3s.88 40.31 47.88 89.91 DEMNV-3 6.98 % 10° Pos Neg
11 3125 33.56 27.75 DENV-3 3502108 Pan Neg
12 5.68 20.55 1.16 2048 2159 DENV-3 1.00 x 10° Pos Nag
13 34381 2 3287 766 3272 <10 Neg Neg
kL 338 31.07 1329 31.25 31.18 <10? Neg Neg
15 14.23 .26 732 28.59 3.28 <t Neg Pos
18 13.14 2577 0.07 29.26 12.51 <P Meg Meg
17 11.51 563 0.04 <10° Neg Neg
18 817 16.53 .03 <10 Neg Neg
19 8.84 a.91 0.20 <1t Nag Pos
20 5.06 412 137 28.88 851 <10* Neg MNeg
21 3.37 4.95 0.B3 <10* Nag Pas
22 295 25.28 0.03 <107 Mag Pas
23 8.20 1.40 0.13 <10 Meg Neg
24 448 0.01 o.2i 24.20 0.08 <0 Neg Neg
25 1.02 229 012 ;.01 0.01 . <10? Meg Neg
28| 0.48 2638 2755 (.02 <107 " Neg Neg
271 aar 26.18 an.es .02 <107 Neg Neg
28l 0.30 2534 20.11 0.08 <10* Neg Meg
28 0.50 24.34 17.85 0.05 <10* Neg Neg
* TMA reactive when the SIGO ralio Is 1.00 or greater.
1 Serotype-spacific, real-tima RT-FCR.
$ C6/36 = the mosguito cell ine used for infectivity studiea,
§ Linkt 3 was Involved in a transfusion lransmissfon.
Il Four TMA novreactive samples were aTMA reactive.
Bold lext indicates positive values.

-3 detected by DENV type-specific RT-PCR. Of the 25
TMA-RR units, 14 (56%) were reactive at a 1-to-16 dilution
and 12 (48%) had RNA titers af 160° to 18° copies/mL
(Table 1), All 12 samples with quantifiable RNA infected
mosquito cell cultures of which nine [75%) wete detect-
able at a 1-to- 16 ditution. Six of 25 TMA-RR units were IgM
positive of which pnly two of the six had quantifiable virus
and infeceed mosquito cells in culture.

Seven of 8684 TMA-nonteactive donations were
eTMA 1R and four were eTMA RR (Fig. 1 and Table 1]. In
addition, 13 of 25 TMA-ER donations with sufficient
valume were retested by eTMA and all were reactive
(Table 1) with high signal-to-cutoff (S/C0) ratios. Of the
four additional eTMA-RR donations that tested nonreac-
tive by TMA, none was confirmed by PCR, all were eTMA
nonreactive at a t-to-16 dilution, none infected masquito
cells in culture, and none contained Igh; however, all of
the confirmatory methods have lesser sensitivity than
TMA.* Thus, the four eTMA-BR donations were combined
with the 25 TMA-RR donations for a to1al study yield of 29
BNA-reactive donations (further referred to as TMA-RR) of
which nearly 80% lacked IgM.
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Combined, 35 IRs and 29 RRs were identified from
15,350 tested samples, resulting in a DENV RNA preva-
letice during the 2007 gutbreak season of 1 per 529 {0.19%
or 18,9 per 10,000) and an overall TMA specificity based an
IR samples that did net repeat of 99.96% (15,315/15,321;
95% CI, 99.93-99.39; Fig. 1). TMA-RR (including eTMA-
RR) danors were detected berween July and November,
which encompassed the majority of the outhreak period
(Fig. 2). Figure 2 also provides the number of cases
reyorted by week of ilness onset ta the PDSS and the
laboratory diagnoses of these cases.

Recipient tracing

Information on all 29 recipients of TMA-RR donations was
abtained but serum samples for diagostic testing were
available from only three recipients (Fig. 1 and Table 2};
pretransfusion samples were not available from zny
recipient. Two reciplents consented to be tested and both
had testing done nearly 2 years posttransfusion. MAC-
ELISA was negative for ant-DENV IgM and anti-DENV
IgG ELISA was also negative. These two additional recipi-
ents had received red blood cells (RBCs) prepared from a
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Fig. 2. Number of suspected dengue cases by laboratory outcome reported weekly during 2007 and the week in which TMA-RR
blaod donors were identified; the study perfod is indicated as that between the vertical lines,

TABLE 2. Recipient tracing results for 29 'reclplenia who received DENY TMA-RR donations

Linit Seralype Viral load {coples/mL) Companant typa Recipient informatian
1 DEMV-2 1.12x 10° PP Unil diseardad
2 DENV-2 5.08 % 10° RBCs Disd within 3 weeks after iransfusion, \svelated to dongua
3= DEMV-2 1.35 % 10° RBCs DHF 3 days after transfusion; donor-racipient sequencing confimed
4 DENV-3 7.25 %107 RBCs Mona
5 DENV-a 1.37 x 107 RBCs Foliowed for & waeks; no &/s suggestive of dangus
1 DENV-3 118 x 107 RBCs Diad same day &3 transfusion
7 DENV3 TE? %100 REGs Nora
a DENV-1 4.49 % 10% RBCs Nona
9 DENV-2 282 10% RBCs Nang
10 DENV-3 8.39x 10* RBCs Nona
1 DEMV-3 350 10% RBCs Died within 7 menths after transfusion, untelatsd to dengue
12 DENV-2 1.00 x 10% RBCs Followad for 2 months; no sis suggestive of dengus
13 el RBCs Nora
14 <10 RBCs Died without sis siuggestive of dangue
15 Eelo RBCs Norg
16 <10 RBCs Nona .
17 <i0* RBCs Died 1 day after iranstusion; no /s suggestiva of dengue
18t <1 RBCs Antibody {IgMAgG) negative on falew-up 26 montha aftar transfusien
19t <10® RBCs Antibedy (IpMADG) negative on folew-up 23 montha after transfusion
20 <10* RBCs Unit discarded .
21 <10* RBCs Mo
22 <16? RBCs Died within 3 waeks after transfuslon, unrelated to dengus
23 <10? RBCs Nena
24 <107 RBCs Unit discarded
25 «16? RBCs Discharged & days p ; No sf5 suggastiva of dangue:
26t <107 RBCs Nena
27t «1n? RBCs Nena
28t <10? RBCs Nona
29t <10 RBCs Nena

* Unit 3 was iavohved in a transfusion fransmission.
1 Units 18 and 19 went to recipients who were subsequantly iasted for DENV aniibady (lgGAgM).
{ Donalions detected as RR by eTMA,
PP = plalaletpherssis unit; sfs = signs/symploms.

Volume 52, August 2012 TRANSFUSION 1651

2004,

[——eae 8an_Jcan_2008_FU452551

fre— San_Jian_2003_EUSHT218

Fajardo_t0a3_EUSAT238

Caguas_2001_EUE87228

|~ Fonce_z003_suremrea
Danor_607_JQu1340§
Facipient 2007 _JOti3400

Arecibo_2007_E1587200

Mayaguax 2008 EURSIE4

San_Jusn_2007_ELIS9458

2096

Gumms._2004_EUEI?214

Pance_2003_¢

Bayarmon_2008_EUB2720
R .

Capuas_2008_EU482552
s Cguas_2000_EUIGSTIS
Caguas_2001_EUEST224

wom

Jamalea_T9E3_M20553
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1 these two and less

thah 93% from the other sequences represented in the tree. The ML tree was rooted using the Jamaica 1963 E gene sequence.

blood unit in which the plasma contained fewer than 1000
DENV RNA copies/mL, one of which was from an IgM-
positive donor (Tables 1 and 2; Donor Samples I8 and
19). In addition, neither recipient developed signs or
symptams consistent with DENV infection after transfu-
sion. A third reciplent in Puerto Rico who was wansfused
with RBCs fram a unit containing 10° copiés of DENV-
2{mL of plasma becamne febrile 3 days posttransfusion
and developed DHF [see Case report). The attending phy-
sician suspected dengue in the recipient and sent a serum
sample for diagnostictesting on Day 5 after onset of lilness
that was positive for DENV-2 by RT-PCR. No other trans-
missions were detected.

The implicated donor unit was from a 31.year-cld
female who did not report any dengue-related symptoms
before or after donatlen and was healthy on the day of
donation, She had donated once previously in 2002
without event. Her unit was collected on September 13,
2007; testing showed that her plasma contained 1.35 x 10°
copies/mL of DENV-2 and was Igh negative (Tables 1 and
2), RBCs prepared froml the unit were transfused into a
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reclipient who subsequently tested DENV-2 positive by
RT-PCR (see Case teport).

Frozen aliquots of the donation and recipient
samples were available for further study. The sequence of
1485 bp coreesponding to the BENV-2 envelope gene con-
firmed DENV-2 in both the donor and the recipient
viruses and shawed 100% sequence identity between the
two viruses. Figure3 shows the maximum likelihood
analysic of the donor-recipient pair along with other
DENV-2 isolates frem various geographic areas represent-
ing different dengue outbreaks. Sequencing of viral iso.
lates focused on the Caguas region of Puerio Rico
including Cidra where the recipient resided. The sequenc-
ing results demonstrate that the virus from the donor and
the recipient were ifentical and differed fiom other
viruses found in the region where the recipient resided.

Case report

On September 26, 2007, an 80-year-old man with bron-
chial asthma, chronic hypertension, chronic obstructive



pulmonary diseass, moderate tricuspid regurgitation, and
myelodysplastic syndrome characterized by refractory
anemia with ringed sideroblasts was admitted for symp-
tomatic anemia. He was given 2 units of RBCs early in the
marning of September 27, 2007. During the second trans-
fusion, the patient became confused and pulled the line
out of his arm, contaminating the floor and resulting in
loss of half of the unit [i.e., he received 160 6f 291 mL of the
DENV-2 TMA-RR unit}. The transfusions were otherwise
uncomplicated; there were no transfusion-associated
reactions and the patient’s vital signs and electrocardio-
gram remained stable throughout, The patlent was dis-
charged to his home in central Puerto Rico that same
evening.

On September 30, 2007, the recipient returned to the
hospital's emergency department (ED) with complaints of
general malaise and “not feeling good” since hospital dis-
charge. The patient reported having chills, polyarthralgia,
dry cough, headache, and fever since that marning
(approx. 72 hr after transfusion). His hematacrit (Hct) was
35.5% and it had been stable since discharge but his crea-
tinine and blood urea nitrogen were elightly elevated from
baseline at 1.6 and 25.5 mg/dL. In the ED triage, the recipi-
ent had a temperature of 37.8°C, heart rate of 83 bpm,
respiratory rate of 20bpm, a blood pressure of 117/
56 mruHg, and $a0; of 88% or roam air. He appeared to be
acutely ill but was alert, active, oriented, and nat
in any acute respiratory distress. The physical exam was
unrerparkable except for dry mucous membranes,
minimal coarse thonchi over the tight lung field and
bibasilarerackles, and a 2/6systolic ejectinn murmurat the
left sternal border. The recipient was given 0.9% nortmal
saling inravenotsly, 3 L of oxygen by nasal canula, ang
respiratory treatments with ipratropium bromide and a
[2-adrenergic agonist. He was readmitted with a presump-
tive diagnosis of health care-associated pneumonia foc
which he was given varcomycin and cefeplme for 7 days.
Blood and urine cultures collected in the ED and the initial
chest radiograph were negative. A repeat chest radiograph
on October 2 showed a right upper lung infiltrate.

Despite treatment with antibiotics, the recipient con-
tinued to have fever until the early morning of Octaber 3,
during which time his platelet (PLT} count and white
blood cell count progressively declifled from 183,000 and
4600 cells/mm? respectively, at admission to 40,004 and
1800 cells/mn®. As a result, the diagnosis of dengue was
considered and a serum sample was sent to the CDC's
Dengue Branch for diagnostic testing where it tested
DENV-2 positive by RT-PCR. In response to his low abso-
lute neutrophil count, filgastrim, a granulocyte-colony-
stitnulating factor, was added to his treatment regimen. In
the 48 hours after defervescence, the patient was noted to
have episades af hypotension {i.e., systolic blood pressure
<30 mmHg) even though he had not had any antihyper-
tensive medications since admissipp. In response, the
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patient was given intravenous volume replacement with
0.9% normal saline. At the same time, his serum albumin
declined from 4.1 to 3.0 g/dL, and he developed large
hematnmas at injection sites. Even though the patient had
no clinically significant bleeding detected, he met the
criteria for DHE namely; he had a fever for 5 days, throm-
bocytopenia, hemorrhagic manifestations, and plasma
leakage as evidenced by development of hypotension
and hypoalbuminernia atter defervescence. The recipient
received 1 unit of pheresis PLTs for a PLT count of
10,000 cefls/mm? on October 6-and 1 unit of RBCs for a
Het of 24.6%. The remainder of the hospital course was
uneventful and he fully recovered from DHE He received
1unit of RBCs before being discharged to home on
Qctober 11, 2007.

DISCUSSION

This stedy demanstrates a high frequency of blood dona-
tions with plasma DENV TMA-RR (1:529) during the 2007
dengue season in Puerto Rico. OF the 20 TMA-RR units,
nearly 80% Jacked 1gM; nearly half had high viral loads and
were capable of infecting mosquito cells in culture,
proving that these donations were viremic and could pose
a risk to recipient safety. However, fewer than half of the
TMA-RR units could be detected in a 1-to-14 dilution, the
commen pool size used for TMA for ather viruses (HIV,
HCV, HBV, and WNV); predictably, those detected at a
1-to-16 dilution also had high viral loads. Since the infec-
tious dose of DENV by transfusion is not known, and
underlying susceptibility of recipients will vary, all RNA-
positive units should be considered potentially infectious,
Transfusion transmission was decumented in this study,
which was the fivst to docwnent transfasion-transmitted
DENV resulting in significant clinical illness.

Studies in Brazil, Honduras, and Puerto Rico have
demonstrated the presence of DENV RNA and viremia
among blead donations using TMA to detect viral RNA. U
In one study, 9 of 2894 (0.37%) plasma specimens fram
Honduras in 2004 to 2005 and three of 4858 (0.05%)
archived plasma specimens from Brazil in 2003 tested
positive although none of 5879 archived plasma speci-
mens collected by the Australian Red Cross Blood Services
[332005 was pasitive." In a prior study in Puerto Rico, 12 of
16,521 (0.07%) archived unlinked plasma specimens col-
lected by the ARC between Septernber 20 and December 4,
2005, were TMA-RR in a year where 6039 cases of dengue-
related disease were reported versus 10,508 reported cases
in 2097 In that study, as In our study, fewer than half of
the TMA-BR samples confirmed by type-specific RT-PCR
or were viremic 2s demonstrated by mosquito culture.
However, both RT-PCR and mesquito cell aidture are Jess
sensitive than TMAY

Muodeling studies estimating the DENV transfusion

transmission risk in the absence of testing have been per-
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formed in various geographic areas. These include an esti-
mated average risk during a dengue outbreak in 2004 in
Caims, Queensland, Australia, of 0.5 per 10,008;* a range
af risk of 1.6 to & per 10,000 during 2005 in Singapore;*!
and, most recently in Puerto Rico, an average estimated
risk of vitemic donations of 7.0 per 10,000 over a 16-year
peried from 19395 to 20102 Of note, the modeled est-
mated risk of viremic danations in Puerto Rico in 2007 was
identical ta the 29 TMA-RR donations ebserved In this
study, with a 35% tolerance Interval for the modeled esti-
mate of 29 of 11 to 52. The modeled finding may be an
overestimate based on the fact that not all RNA-positive
donors will be vitemic and infectious.?

There have been reports of DENV transmission
through transfusion or transplantatian.'** The first pub-
lished case of transfusion-transmitted dengue occurred in
Hong Kong in 2002, The donor became symptomatic 1 day
after donation and one recipient of RECs developed
dengue-related illness 3 days after transfusion; the patlent
subsequently seroconverted, Both the donor and the
recipient had DENV-1 HNA identified in their blood by
RT-PCR." Movre retently, a second cluster of DENV trans-
fusion transmission was identified in Singapore in which
the donor became symptomatic 1 day after donatian and
two recipients (one of RBCs and the other of fresh-frozen
plasma) developed dengue-related iliness and sero-
converted; the third reciplent (of PETs) was asymptomatic
but developed IgM and Ig( antibodies. The donor and the
two symptomatic recipients were positive for DENV-2
RNA." In addition, DHF was reported 5 days after receipt
of & kidney transplant fram an infected donor in Sin-
gapore* and dengue was reported in a bone marrow
recipient in Puerto Rico in which DENV-4 was isolated
from blood and tissues 4 days after transplant.* Moreover,
seven instances of nosocomial transmission of dengue
have been reported: six through needle stick injuries¥*
and one thtough contact of infectious biocd with the
mucous mermbranes of a laboratory worker. ™

Baged on the results from this and the earlier stud-
ieg,!! it is clear that DENV RNA-containing donations
occur and interventions should be considered. One inter-
venticn that the ARC implemented for collections during
the 2009 dengue season in Puerto Rico included the use of
a predonation question regarding dengue-retated symp-
toms coupled with the use of an enhanced postdonatipa
information sheet encouraging doneis 1o call back if
dengue-like symptoms developed (persistent fever and
any of the following: headache, eye pain, muscle aches,
joint or bone pain, new rash, bleeding from the nose or
gums, or bruising easily). However, these measures would
be predicted to be ineffective due ta the fact that 53% to
87% of DENV infections are asymptomatic5 in fact,
during the time-of use, anly one donar reported postdo-
nation symptoms. Due to the fact that TMA has not been
avaslable for blood donation screening, seralogic testing
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for DENV using a commercial NS1 antigen ELISA (Sio-
Rad, Paris, France)¥ was implemented in March 2010:
however, the clinical sensitivity of the NS1 antigen assay
has been demonstrated to be 3- to 10-fald less sensitive
than TMA by testing blood donations from the same
DENV outbreak year. s For screening of donated blood,
asgays targeting DENY RNA are the preferred approach.

There may be several reasons why only a very limited
number of dengug transfusion transmissions have been
reported including: 1) reciplent irnmunity from homa-.
typic serotypes or recent heteratypic serotype immunity;
2) the infectious dose required for transfusion transmis-
sion may be higher than expected; and 3) clinical flness
after wransfusion may not be recognized as dengue, ar if
recognized, it may be incorrectly assumed to be mosquito
acquired.** In any event, in an endemic area, the focus of
public health is mosquito control versus the investigation
of potential DENV transfusion transmission. Undoubtedly
there are more DENV transfusion transmissions than have
been documented, our case only being the thitd cluster
reported. It seems likely that more infections resulted
from the TMA-RR units identified by this study because
not all recipients of such units were tested. Furcher, not all
donations were tested during the 2007 dengue season in
Puerto Rico. Therefore, the transmission of DENV-2 to one
recipient through transfusion that was confirmed through
this study represents the minimum level of transfusion
trinsmmission that occurred during the 2007 season in this
dengue-endemic atea. Based on the results of Infecting
mosquite cells in culture, in which a viral load of 105mL
was able ta cause infection, 12 of 29 TMA-RR units con-
tained infectious virions and hence were a risk 1o reelpi-
ents. Since these 12 units were identified from 15,350
donations screened, this translates to a transfusion trans-
mission risk of 1 per 1279 er approximately 0.1 % of dona-
tions during the epidemic seasan in a dengue-endemic
drea. Besults from this study indicate the neeq for addi-
tional research imto the best strategies for preventing
dengue transmission via blood transfusion in endemic
ateas and determining how such strategies should be
implemented in nonendemic areas where dengue has
recently been intraduced,
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In Saudi Arabia, the prevalence of transplantaticon-
associated Kaposi's sarcoma [KS} is high, and
there is disparity in the prevalence rates of
human herpesavirus 8 (HHV-8) infection batween
patiants with renal disease and the generat
population. It was hypothesized that oral HHV-B
transmission among patients  undergoing
hemadialysis treatment contributes to the high
prevalence of infaction in renal disease patients.
The detection rates of anti-HHVS-IgG in plasma
any HHWV-8-DNA in CD45[+)-peripheral blood
cells of 72 hemodialysis patients were com-
pared first with those of 178 blood donors and
B0 pregnant woman. Between the hemodialysis
patients and the apparently healthy people
sampled, the detection rate of anti-HHV-8-1gG
was 16.7% versus 0.4% (P < 0.001) and that of
HHV-8-DNA was 4,2% versus 0.4%, (P < 0.05).
HHV-8 DNA was determined in oral samples
and tha HHV-8 viral foad measured in saliva of
patients undergoing hemodialysis. The amount
of virus shed into saliva ranged between B,G00
and 119,562,500 {(mean: 24,009,360) genome-
equivalents/m! among the five patients in whom
aral HHY-8 DNA was detected. Finally, HHV-8-
subgenomic sequencing was conducted which
showed that arally shed HHV-8 in four patients
balanged to genotype C2, and in one patient ta
genotypes Al and C2. HHV-B shed in the mouth
of hemadialysis patients may be extansive and
diverse. Oral fluid in addition to blood is thus a
fikely vehlcle for transmission of HHY-6, possi-
bly contributing to the high risk of HHV-8 infec-
tion in patients undergeing hemodialysis and
to KS following immunosupprassion after renal
transplantation. J. Med. Virol. 84:792-797,
2012. # 2012 Wiley Perindicals, Inc.
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INTRODUCTION

Post-transplantation Kaposi's sarcoma (KS) is prev-
alent in Baudi Arahia, and accounts for over 70% of
all nesplasms observed in rensl-allogralt recipients
[Qunibi et al, 1588; al Sulaiman and al Khader,
19941. K8 ig associated caueally with infection by KS-
associated human herpesvirus, also known as human
herpesvirug § (HHV-8), HHV-8 is transmissible by
oral Auid ag well as blood [Teo, 2006; Al Otaibi et ab.,

. 2007]. HHV-3 infection does not seem fo be highly

endemic in the Saudi Arabian general population,
since the seroprevalence of anti-HHV-8 in apparently
healthy people has been reported to range between
1.7% and 7%, contrasting with 7-29% in patients with
chranic renai failure (Qunibi et al., 1985; Almuneef
et al., 2001; Alzahrani et al., 2005]. Studies of HHV-8
shedding in body fluids of hemodialysis patients, espe-
cially those from the Middle East, have nat, to dats,
besn reported. The present study investigated the
prevalence of HHV-8 infection in such patients, and
determined the extent of HHV-8 shedding in the
oral fluid in addition to blood. Shedding from specific
sites of the oral mucosa and in the oral adnexae was
examined, Qualitative and quantitative methods were
applied, ag well as sequence-diversity determinations
of the HHV.-§ genome.
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PATIENTS, MATERIALS, AND METHODS

Study samples were collected from 72 patients with
thronic renal failure undergoing hemodialysis at the
Riyadh Military Hospital, Saudi Arabia, during the
months of March, April, and May 2004. No oral or cu-
taneous KS was evident in any of the patients with
chronic renal failure, For comparison with a sample of
apparently heaithy peaple, 178 bload donors and 60
pregnant women attending the hospital were sampled.
Approval for the investigation was secured from the
Ethical Committee of the Riyadh Military Hospital and
informed congent by participants was obtained. All
participants for whom the demographic featuros are
listed in Table I were of Saudi pationality and were
seranegative for IgG antibody to the human imoimo-
deficiency viruses. Clinical dats for the participants
were ohtained from computer-hased and standard
medical records and then documented onto standard-
ized forms, which were linked to patient samplea by
aumerical code. Data entry and analysis were
performed using the SPSS for Windows (Statistical
Package of Bocial Science) software, version 12.0.
Froquency distributions and cross-tabulation tahles
were construeted to analyze the relationship hetween
HHV.8 infection and the patients’ demographic and
clinical characteristics, using, where appropriate,
logistical regression, Chi-squared, or Figher's exact
fest.

Maiched oral and bland samples were abtained from
all the patients with chronic renal failure; blood sam-
ples only were obtained from the blood donors and
pregnant women. An enzyme immunosorbept assay
(Advanced Bictechmologies, Ine., Columbia, MD) was
utilized for the detection of plasma anti-HHV-8 IgG.
This uses, as antigen, a whole viral extract ftom the
K5-1 cell line which was derived from an EBV/HIV-
uninfected patient with primary effusion lymphoma
(PEL). The test detects antibody to the majority of
HHV-§ structural proteins [Said et al, 1996; Chatlynne
et ab., 1998]). The CD46(+) (pan-leukecyte)-subset of
paripheral blood, whele-mouth saliva (supernatant
fraction), parotid saliva, buecal mucosa exfoliates and
palatel exfoliates were collected, and processed for
HHV-8-DNA amplification as described previously
[Beyari et al., 2003; Al Otaibi et al., 2007; Al Ctaibi et
al,, 2009]. A 211-bp segment from the KS330 region of
open-reading frame (ORF) 26 of the HHV-8 genome,

793

and a 247.bp segment from ORF K1 that encompasses
the highly variable V1 region (called the K1/V1 seg-
ment) were amplified by nested PCR [A] Otaihi et al.,
2007], Extracts were considered positive for HHV-8
DNA ¢nly when PCR yielded products fram both
K8330 and KUVl segments. A quantitative, fiuore-
scence-based, real-time PCR assny [Stamey et al,
2001} targeting ORF 25 was applied to extracts of
HHV-8-DNA-positive whole-mouth saliva specimens.
In HHV-8.DNA-positive oral and blood samples, can-
sensus KI/V1 nucleotide sequencing was conducted
initially. To search for and characterize minority
HHV-8 strains, the samples were then subjected to
nested PCR for K1/V1 using the EXPAND High-Fidelity
PCR System (Roche Diagnostics, Indianapolis, IN),
after which clones from each amplificate were gener-
ated and the sequences of K1/V1 inserts in 16 clones,
picked ot random, were determined, as described pre-
viously [Al Otaibi et al., 2007].

RESULTS

Table I suminarizes the basic demographics, the
plasma anti-HHV-8.1gG deteetion rates and HHV-8-
DNA detection rates in CD45(4)-cells and in oral sam-
ples among the three study groups. Anti-HHV-8-IgG
was detected in the plasma of 12 patients with chronic
renal failure (designated CRFs 8, 10, 11, 15, 23, 24 33,
46, 48, 58, 57, and 64), I bloed donor (designated BD
16} and none of the pregnant women; the anti-HHV.8-
IgG detection rate was significantly higher in patients
with chranic renal failure (17%) than in the blood
donor and pregnant women groups combined (0.4%)
(P < 0.001). HHV-8 DNA was amplified from CD45(+)-
cells of three patients with chronic renal failure (des-
ignated CRFs 23, 24, and 57), all of whom were
anti-HHV-8-geropositive. HHV-8 DNA was found in
CD48+)-cella of the one seropositive blood donor
(designated BD 18}, and none of the pregnant women.
The HHV-8 DNA detection rate in CD45(+)-cells was
significantly higher among patients with chronic renal
failure (4.29) than in the blood donor and pregnant
women groups combined (0.4%) (P < 0.05).

Ameng CRFs 23, 24, and 57, HHV-8 DNA was am-
plified from hoth blood and oral compartments; for
CRF 23 and CRF 57, in CD45(+)-cells and whole-
mouth saliva; and for CRF 24, in CD45(+)-cefls,
whole-mouth saliva, buceal mucosa exfoliates, and

TABLE 1. Demographic Features, Anti-HHV-8.IgG, and HHV-5-DNA Detection Rates Among Patients With Chronic Renal
Failure Receiving Hemodialysis, Blaad Donors, and Pregmant Women Sampled in Study

Gender Age No. with No, with
Na. with enti-HEV.R HHV-8 DNA in HHV-3 DNA in
Mean Range Tg( in plasma CD45(+) blood cells  any oral gample
Group No. Male Femeale (year) SD  (year) (%, 95% CI) (%, 95% CI) (%, 95% CI)
CRF 72 43 29 57 14 2383 12 (16.7, .9 to 27.3) 3(4.2,01t0117) 6{6.9, 2.2 to 15.5)
BD 178 176 2 30 7  18-51 I1{(0.8,0t0 3.1} 1(06,0to3.1) —_
PW 60 [} 66 27 T 1743 0 [ —

CRF, patients with chronic renal fallure; BD, blacd denars; PW, pregnant women; 50, standard deviation; 5% CI, exact 35% confidence

interval; —, not determined.

J. Med. Virol. DOT 10.10025mv
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palatal exfoliates. In two other patients with chronic
renal failure (designated CRFs 10 and 56), HHV-3
DNA was armnplified from- whole-meouth saliva but not
frem CD45(+)-cells or other oral samples (Table II).
These two patients were also anti-HHV-8-seropositive.
The HHV-8 viral load in whole-mouth saliva of CR¥s
10, 23, 24, 56, and 57 ranged between 8,600 and
118,562,500 {mean: 24,009,360) genome-copies/ml
(Table II. The viral load in whole-mouth saliva
obtained from CRF24, in whom HHV-8 DNA was
found in both buccal mucosa exfoliates and palatal
exfoliates, was notably high.

For BD 18, the K1/V1 sequence in CD45(+)-cells
could be assigned to Al. The K1/V1 sequences in
whole-mouth saliva of CRFs 10, 23, 56, and 57, and
those in CD45(+)-cells of CRFe 23, 24, and 67 could
be assigned to genotype C2, For CRF 24, the whole-
mouth saliva and palatal exfoliate samples carried
KL/VI sequences that helonged to C2; however, in the
buecal exfoliate sample, the majority sequences
belonged to 2 whereaa the minority sequences (eati-
mated fo comprise 13% of the total population)
belonged to A1 (Table IT). Ne identical K1/V1 sequen-
ces were observed between any two HHV-8 infected

" patients with chronie renal failure.

The preportion of males included in the bleod donor
and pregnant women groups combined (176/238; 74%)
was significantly higher (P = 0.028, Fisher's exact
test) than the proportion of males in the chronic renal
failure proup (43/72; 60%). The mean age of the chron-
ic renal failure group was higher than that of the
biood donor and pregnant women groups combined
(P < 0.001, ttest). However, no statistically signifi-
cant differences in anti-HHV-8-IgG or HHV-8 DNA
detection rates in hlood or oral samples according
to gex, age, status of infection with hepatitis B or C
viruges, duration of hemedialysis, or whether or not
provicus renal vransplantation had been conducted
were found. Anti-HHV-3-TIgG and HHV.8 DNA were
not detected in the patients receiving prednisclone or
myeophenolate mofetil (Tablg ITI).

Al-Otaibi et al.
DISCUSSION

Previous studies of HHV-B infection in hemodialysis
patients wers confined exclusively to determining the
prevalence of anti-HHV-8 antibodies [Almuneef et al.,
2001; Andreoni et al, 2001; Hsu et al, 2002; Di
Stefano et al., 2006; Bergalla et al., 2007). In the pres-
ent study, conducted among Saudi Arabian patients
with chronic renal failure receiving hemodialysis, the
extent and diversity of oral HHV-8 shed in saliva and
oral cells were investigated, in addition to anti-HHV-8
seroprevalence determination, Higher detection rates
of HHV-8 DNA and plasma anti-HHV.B-IgG were

‘found in the hemodialysis. patients compared to a

sample of apparently healthy people (bleod doners
and pregnant women, which for purpases of analysis
were combined as a single group). This result sup-
ports previous dats showing the comparatively high
prevalence of plasma anti-HHV-8 in patients with
chronie renal failure when compared to controls from
the same country [Qunibi et al, 1998; Regamey et al.,
1998; Hsu et al., 2002; Bergallo et al., 2007; Caterino-
de-Araujo et al, 2007; Lonard et al., 2007 Jalilvand
et al, 2011

Logistic regression was undertaken to contrat for
the posgjble influence of differing age profiles between
the two groups which confirmed that the relationship
of interest was not materially modified by the
observed differences in age. Morsover, the antibody
detection rate in the hemodialysis graup was much
higher (:>40-fold) relative to the blood donor and preg-
nant wornen groups combined; it would seem unlikely
that such a substantial difference could be attributed
solely to patient age. The effect of chronic renal dis-
ease and uremic immuncdeficiency, exacerbated by
the protracted rounds of dialysis [Hasg-Weber and
Horl, 1993; Descamps-Latscha and Chatenoud, 1996],
are other possible contributory factors, although these
were not evaluated specifically in the current study.

Earlier studies conducted by our greup have found
evidence of HHV.8 shedding from the oral mucasa of

TAELE I Distribution of HHV-8 Genotypes in Peripheral Blood and Oral Samyples of Patients With Chronic Renal Failure
and Blood Donors

Amount HHV-B shed HEV-8 genotype
Patient Sample (genome-equivalents/ml) carvied
CRF 18 WMS3 151,500 [
CRF 23 CD46(+) bloed cells - co®
WMS 8,600 Ca*
CRF 24 CD45(+) Hood cells — ca*
WMS 119,562,500 Cas
Bucesl exfoliate - (i2* and A1®
Palatal exfoliate — ca2*
CRF 56 WMS 241,000 e
CRF 67 CD45(+) hload cells — o2
WMS 83,200 [
BD 16 CD45(+) blood cells — Al*

CRY, chronie retal failuve; BD, blood donor; WMS, whole-mouth ealiva; —, not determined.

Al or majority K1V1 sequences.
*Minority K1/V1 sequences.

of, Med. Virol. DOT 10.1002fjmy
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TABLE JII. Plasma Anti-HHV-8 Antibody and HHV-8 DNA
Status of Patients With Chronic Renal Faifure According to
Demographic and Clinical Characteristics

Positiveplasma  Positive
anti-HHV-8, HHV-8-DNA*

Characteristic No. no. (%) no. (%)
Gender
Female 29 7(24.1) 3(10.9)
Male 43 3(11.6) 2.7
P-value for difference 0.204 0.386
Age {(years)
21-30 2 [ 4]
3140 o] [ 0
41-50 11 [ G
51-60 18 4(22.2) 11(5.6)
51-70 21 5 (23.8) 3{14.3)
7130 9 3(33.3) 1(11.1)
8196 2 0 0
P-value for difference 0.255 0.855
Duration of dialysis
<B years 36 4(11.1) 2(5.6)
=5 years 36 8(22.2) 3(8.3
P-value for difference 0.343 1.000
Previous renal transplant(s)
Yes 8 a ]
No 12(18.8) &5(7.8)
Povalue for difference 0.387 1.000
Hepatitiz B
Positive 4 ] 1
Negative 68 12{17.8) 5(7.4)
P-value for difference 1000 1.000
Hepatitis C°
Positive 11 19.1) 0
Negative 61 11 (18} 5(8.2)
P-value for difference 0.677 1.006
Prednisolone
Not administered 68 12(17.6) 5(7.4)
Administerad 4 0 0
P-value for difference 1.060 1.000
Mycophenolate Mofetil
Not administered ;! 12 (16.9) 5(N
Administered 1 H 0
P-valye for difference 1000 1,000
Total 12 12/72 (18D 512 (T

*HEV-8 DNA positivity in blood, vral, or hoth samples.
According to seropasitivity for hepatbitis B surface antiges.
“According to seropositivity for anti-hepatitis G virue TgG.

KS patients [Cook et al., 2002a,h; Beyari et al., 2003;
Al Otaibi et al, 2007], while others have found
evidence of HHV-8 infection in the oral mucosa of
immunocompetent individuals {Duus et al, 2004).
Prompted by these findings, an investigation into
whether hemodialysis patients might also be shedding
the virus orally, thereby possibly cantributing ta hori-
zontal HHV-8 infection in the hemodialysis milien,
was cunducted. Sampling of buccal and palatal exfoli-
ates ag weil as whole-mouth saliva showed that
whole-mouth saliva samples yielded higher PCR am-
plification rates than buccal or palatal exfoliates, thus
likely reflecting virus shed from locations distant
from the sampling sites or from oral sites other
than the buccal mucosa or hard palate. Of 12 patients
identified to be seropositive for anti-HHV-8, 3 were
determined to carry HHV-8 DNA in bloed, while 5

795

patients (including the 3 in whom HHV.8 DNA was
detected in bleod) were found to carry HHV-8 DNA in
their oral samples (Table I). To detect possible intra-
unit HHV-§ transmission in patients with chronic
renal failure, the hypervariable region (KL/V1) was
analyzed and compared between patients undergoing
hemedialysis. Previowus studies have documented
intra-unit hepatitis C virug transmission in hemodial-
¥sis unite, with phylogenetic analysis revealing clus-
tering hetween patients who were dialyzed during the
same shift and in the same area [(Hmaied ot &l., 2007].
In the eurrent study, however, phylogenetic analysis
revealed that nens of the HHV-8-infected patients
with chronic renal failure carried identical K1/V1
sequences,

The findings of the present study indicate that
oral HHV.8 shedding -in the hemodialysis patients
occurred more frequently than systemic shedding.
Furthermore, by applying quantitative methods, it
was determined thet during a given episode, oral
HHV-8 shedding can be extensive {Table IT). The viral
load in whele-mouth saliva-of four of the five patients
who were gral HHV-8 shedders was determined to
excoed 10° genome-copiesfnl, Previously, sirilar
results were found among renal-allograft recipienta
with a histexry of ES [Al Otaibi et al, 2007), and a
repal-allograft recipient who had been given immuna-
suppressants [Al Otaibi et al,, 2009], The single pa-
fient with chronic renal failare (CRF 24) in whom
HHV-8 DNA was detected in both buccal and palatal
exfoliates showed the highest whole-mouth saliva viral
load DNA (approaching 1.2 x 107 genome-copies/mil).
The marked diversity of HHV-8 variants in his oral
campartment is consistent with this patient having
acquired the strains from previous, multiple transmis-

‘ sion events [Beyari et al., 2003}

The findings of the present study show that oral flu-
id may alzo be a vehicle of HHV-8 tranamission. In an
environment where multiple patients receive dialysis
concurtently, repeated apportunilies exist for person-
to-person transmission of infectious agents shed from
the mouth, directly or indirectly via contaminated
devices, equipment, supplies, enviranmental surfaces,
or hands of personnel. Any item taken to a patient’s
dinlysis station could become contaminated with hlosd
and other body fluids therehy serving as a vehicle of
transmission to other patients {CDC, 2001), Contact
transmission is the most important route by which
pathogens are transmitted in health-care settings
such as hemodialysis units. Conbact transmission
occurs most commenly when microorganisms from a

"patient are transferred to the hands of a health-care

worker and then to another patient. Less commonly,
environmental surfaces (e.g., bed ruils, countertops)
can become contaminated and serve as fomites; trans-
mission can occur when a worker touches the surface
wha then teuches a patient or when a patient touches
a contaminated surface. Contact transmission can be
prevented by hand itygiene, glove use, and frequent
disinfection of environmental surfaces [CDC, 2001].
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In hemodialysis units, policies and practices should
be periodically reviewed and monitored to ensure
that infection control practices are implemented and
followed rigorously [Sehulster and Chinn, 2003;
Rebmann end Barnes, 2011]. Training and educating
staff members and patients regarding infection con-
tro]l practices, including personal and hand hygiene,
should be implemented regularly [CDC, 2001]. Main-
taining and regularly updating these infection control
practices routinely for all patients in the hernodizlysis
setting will reduce opportunities for direct and indi-
rect patient to patient transmission of infectiouas
agents, including HHV-8 infection, which if acquired
may, in turn, potentiate the development of K3 should
the patients subsequently undergo kidney transplan-
tation and then receive immunosuppressive druges.

Prospective studies evaluating the incidence af
HHV.B infection, together with phylogenetic analysis,
in patients with chronic renal failure given hemodial-
ysis treatment would determine the risk of intra-unit
blood and oral transmission of HIIV-8 infection in
hemodialysis units more definitively. Further studies
would then be needed to clarify the specific factors
respongible for transmission of HHV-8 among hemadi-
alysis patients and to evaluate the effect of the
current recommendations on prevention and control
of infectiona in this setting. Particolarly in the Middle
East, implementation of additional measures prevent.
ing HHV-8 transmission from oral fluid as well as
blood might be required to control HHV-8 infection
and reduce the incidence of post-renal-transplantation
KES.
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To betier describa the genetic diversity of hantaviruses
associated with human illness in South America, wa
screened blood samples from fabrile patients in Chaparg

Province in central Bolivia during 2008~2009 for recent’

hantavirus infection. Hantavirus RNA was detected in 3
patients, including 1 who diad. Partial RNA seguences
of small and medium segments from the 3 patients were
most closely selated ta Andes virus lineages but distinct
(<90% nt identity) from reported strains. A survey for 1IgG
against hantaviruses among residents of Chapare Province
indicated that 12.2% of the population had past exposure
to 21 hanlaviruses; the highest prevalence was amang
agricultural workers. Because of the high level of human
exposure to hantavirus strains and the severity of resulting
disease, additional studies are warrantad 10 determine the
resarvoirs, ecclogic range, and public health effect of this
navel strain of hantavirus.

antaviruses (family Bunyaviridae, genus Hantavirusj

are triscgmented nepative-strand RNA  viruses
in which the small (8}, medium (M), and large (L)
genomnic segments encode for the nucleocapsid protein
(M), 2 envelope glycoproteins (Gn and Gce), and the viral
polymerase, respectively. Hantavimses are maintained in
rodent reservoirs, and human exposure typically results
from inhalation of acrosols from infectious urine or feces,
although human-to-human transmission of Andes virus
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(ANDV) has also been deseribed (). Human hantavirus
infection in Sauth America is often associated with rapid
onset of severe disease manifestations, such as respiratory
failure and cardiac dysfunction referred to as hantavirus
pulmonary syndrome (HPS) and case-fatality rates
>50% (2,3). Despite the public health effects, in most
cases of human infection, the precise etiologic agent is
not identified. Thus, the exient of genetic diversity and
geagraphic distribution of distinet hantavirus strains is not
well understood.

" Since the first identification of HPS In 1993, many
new hantaviruses have been described throughout North,
Central, and South America. Studies of rodent reservoirs
in South America have identified an increasingly complex
picture of hantavirus diversity and ecology (2,4). Unique
strains of hantavirus have been identified in rodents in
Venezuela (5,6), Peru(7), Brazil (8-10), Argentina{{ /—!3),
Paraguay (/4,13), and Chile (71,16), many of which have
also been assaciated with human illness. In Bolivia, the first
hantavirus identified was Ric Mamoré virus (RIOMV);
which was isolated from a pygmy rice rat {Oligoryzomys
microtis) ({7) but has not been associated with human
disease. In 1997, a Laguna Negra virus (LNV] variant
was identified in an HPS patient in Chile who had traveled
extensively in Bolivia (/8,19). An ecalogic assessment of
reservoir hosts identified the large vesper mouse (Calomys
caflosus} as reservair host of LNV in Bolivia {20}, The
association of ANDV (Nort lineage) and Bermejo virus
(BMJV) with 2 HPS cases in sauthern Bolivia in 2000
documented the first human infection by BMJV {277,

To further describe the diversity of hantavirus strains
associated with human disease in Bolivia, we screened
febrile patients reporting to 2 health centers in Chapare
Province for serologic and molecular evidence ofhatavirus
infection. We describe the clinical signs and symptoms and

Emerging Infectious Diseases - www.cde.gov/eid » Vol. 18, Na. 5, May 2012

genetic characterization (partial S and M segment) of a
novel strain of hantavirus in 3 patients, including | whe
died. In addition, we report results of a survey to determine

the prevalence of previous hantavirus exposure in the
region.

Materials and Mathods
Study Sits and Human Participant lssues

Patients were recruited when they reported acte
febrile illness {7 days} at the Hospital San Frencisco de

Asis or Centro de Salud Eterezama (16°53'S, 65°22"W;,

265 m above sea level), located in the Chapare Frovince
of the Departrent of Cochsbamba in central Bolivia (22)
(Figure 1). Cliapare is & tural provinee with tropical
rainforests surrounding the Chapare River, the main
waterway of the region. The health centers are located in
the towns of Villa Tunari and Eterezama, which had 2,632
and 2,001 inhabitants, eespectively, at the time of the 2001
census (25).

Swdy yrotocols were approved by Servicio
Departzmental de Satud Santa Cruz, and Colegio Medico
de Santa Cruz Study protocols (NMRCD.2000.0008
and NMRCD.2005.0002) were also approved by the US
Waval Medical Research Unit Institutional Review Board
in compliance with all US Federal reguiations governing
the protection of human subjects. Written consent was
obtained frorm patients =18 years of age. For patients <18
years of age, wiitten consent was obtained from a parent
of legal guardian. Written assent was also obtained from
patients §—17 years of age.

A survey for prior exposuré to arenaviruses and
hantaviruses was conducted in Chapare Provines during
April 25-May 2 2005, after a reported outbreak of febrile
iliness and hemorrhagic fever in the region {24). Adults
{=18 years of age) were invited to participate in the study.
Blood samples {10 mL) wete collected by venipuncture
for screening of antibodies apainst hantaviruses, ond
demographic dats were collected for risk factor analysis
in assorted villages i Chapare Provinee (Figure 1). Data
included age, occupation, self-reported exposure to rodents,
house construction materials, and recent health history.

Serologic Analyses

Serumn samples fram febrile patients were screened for
1gM against ANDV or LNV antigens by ELISA. In brief,
S-well plates were coated with anti-human Ighd, human
serum samples (1:100 dilution) were added, and plates
were incubated for 1 h at 37°C. Wells were subsequently
incubated with ANTYV or LNV antigen for [ hat37*C. Viral
antigens were recognized by the addition of hyperimmune
mouse ascitic fludd for 1 h at 37°C and incubation with
horseradish peroxidase-conjugated anti-mouse 1gG for 1

Novel Strain of Andes Virus, Central Boiivia

Figure 1. Location of Villa Tunar, Oeparlment of Cochabamba,
Balivia, the area where patients with hantavirus infection were
recrufed, The censtitutional (Sucre) and administrative (La Paz)
capliais of Balivla are shown for reference.

. Finally, substrate (2,2"-azino-bis-[3-ethylbenzthiazoline-
eé-sulfonic acid]; Kirkegaard and Perry, Inc., Gaithersburg,
MDD, USA} was added, and aptical density at a wavelength
of 405 nm was measured by using a spectrophotometer.
Patient serum specimens were also screened for [pM
against » panel of arboviral pathogens, including dengue
viruses, yellow fever virus, and Venezuelan equine
encephalitis virus. Virus culture and identification was
attempted In African green monkey Vero cell cultures by
indirect immunofluorescence assay and Sin Nombre virus
(8NV) polyclonal antibodies, as described for achovinuses
{22).

For the seroprevalence siudy, serum samples from
healthy participants were screened by indirect ELISA for
IgG against SNV antigen {Centers for Disease Contro! and
Prevention, Atlanta, GA, TJSA). Serumn samples were diluted
1:100 and incubated in SNV recombinant antigen—coated
wells. and then with horseradish peroxidase—conjugated
mouse anti-human IgG (1:8,000 dilution). Finally, substrate
(2,2"-azino-bis-[3-ethylbenzthiazoline-6-sulfonic  acid])
was added, and absorbance was measured at 405 nm with a
Dynex ELISA MRX Revelation absorbance reader {Dynex
Technologies, Chantilly, ¥4, USA). Samples with aptical
densities greater than the mean of 5 negative controls plus
5 8D at a 1:100 dilution were considered positive.
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Molecular Analyses

After serologic sereening, RINA was extracted fram
whoie blood and serum samples of patients positive for
hantavirus IgM by using the QlAamp Viral RNA Mini
Kit (QIAGEN, Valencia, CA, USA). A l.step reverse
transeription PCR (RT-PCR) was performed by using the
Access RT-PCR system (Promega, Madison, Wi, USA).
Nested PCRs were performed by using the FastStart PCR.
Master (Rache, Indianapolis, IN, USA). Initial screening
was performed by using primers specific for the § segment
as described (20). Additional primers were designed on
the basis of preliminary sequences to generate additional
S segment coding region sequence (forward: HANSF3
S-TGGATGTTAATTCCATCGA-) and reverse;
HANSR4 5'-GATAATGTTTCGTGCTTTCA-3"; forward:
HANF000l TAGTAGTAGACTCCTTGAGAAGCTACT
and reverse: HANTASRZ TAGTATGCTCCTTGAR
AAGC). A 1,287-bp region of the S segment was generated,
which inchaded positions 43-132% of the full-length S
segment of ANDV strain Chile R123 {25),

For the M segment, RT-PCR and nested PCR. were
performed by using specific primers (/8), which generated a
1,330-bp sequence of the M segment that included positions
16783007 of the full-length M segment of ANDV sirain
Chile R123, RT-PCR amplicons were purified by agarose
gel electrophoresis and sequenced directly by using the
Big Dye Terminator v3.1 Cycle Sequencing Kit on 2 3100
Avant-Genetic Analyzer (Applied Biosystems, Foster City,
CA, USA).

Phylogenetic Analysis

S segment and M segment sequences (submitted to
GenBank under accession nos. JF750417-IF750422)
were compared with sequences from other members of
the genus Hantavirus, including Puumula virus strain
Umea {Genbank accession nos, 8§ segment: AY3526219,
M segment: AY526218), RIOMY strain HTN-0A7 (S;
FJ532244, M: FI608550), SNV strain NMH10 (S: L25784,
M: 124783), El Moro Canyon virus strain RM97 (S:
U11427, M: U26828), Choclo virus (S: DQ285046, M:
D(1285047), Cafio Delgadito virus (S: DMQ285566; M:
DQ284451), Pergamino virus (PRGV; S: AF432717,
M: AF028028), ANDV strain AH-1 (S: AF324%02, M:
AF324901), AMDV strain CHI7913 (5: AY228237, M:
AY228238), ANDV strain Chile-9717369 (S: AF291702,
M: AF291703), Maciel virus stain 13796 (MACV; S:
AF482716, M: AF028027), Catacamas virus {CATY; S:
DQ256126, M: DQ177347), Paranoa virus (S: EF576661),
Oran virus (S: AF432715, M: AF028024), LNV (S:
AF005727, M; AFDD5728), BMIV (S: AP482713, M:
AF028025), Lechiguanas virus strain 22819 (S: AF482714,
M: AF028022), ANDV strain Hu39:94 (S: AF482711,
M: AF028023), Playa de Oro vitus (S: EF534079, M:

EF534082), Neembucu virus ($: DQ345763), AltaParaguay
virus (8: DQ345762), Ttapua virus (S: DHQ345765),
Araraquara virus (ARAV; S: AF307325, M: AF307327),
Argucaria virus strain HPR/03-9% (S: AY740630), fabora
virus strain Akp8048 (S: IN232080), Juquitiba virus strain
Olfa_777 (5 GU213198), and Castelo dos Sonhos virus
(CABV; S: AF3(7324, M: AF307326).

Sequences were aligned by using ClustalW {www.
clustal.org) with manual adjustments, and pairwise genetic
distances were caleulated by using MEGA4.0 (26).
For phylogenetic analysis, maximum-likelihoad (ML)
and Bayesian approaches were used. ML phylogenstic
trees were estimated by using PhyML (27,28) and 100
bootstrap replications to place confidence intervals at
nodes. Phylogenstic recanstructions were also conducted
in MrBayes version 3.1 (29,30) under the general time
reversible + T + proportion invariant model of evolution,
with 1 million Markov Chain Monte Carlo generatians,
and sampling every 100 generations with a bum-in of
25,000. Puumula virus § and M segments were included as
outgroups in the phylogenetic reconstructions.

Results

Patient dentification

During January - 2008-Jume 2009, sérom samples
from 372 febrile patients reporting to clinics in Chapare
Province, Bolivia (Figure 1) were tested for serologic
evidence of recent infection by 21 hantaviruses. Qf these
372 patients, 199 (53.5%) were male patients with a median
age of 31 years (range 7-95 years), IgM against ANDV (n
= 8)ar LNV {n = 1) antigen was identified in acute-phase
or convalescent-phase samples from 9 (2.4%) patients, No
evidence of recent arbovirus infection was detecled in these
samples. OFf the 3 patients with 1gM against hantaviruses, 7
(77.8%) were male patients with a median age of 32 years
(range 1549 years). Three of the 9 patients were positive
for hantavirus RNA,

Patient 1 (FVB0354) was an 18-year-old man (student)
from the town of Pedro Domingo Murillo, Bolivia, wha
camg¢ to Hospital San Francisco de Asis'in January 2008
He reported 7 days of fevers, chills, and malaise. Other
symptoms included oliguria, arthralgias, myalgias, bone
pain, headache, and retroocular pain. Gastrointestinal
(abdominal pain, diarrhea, nansea, emesis, and icterus} and
respitatory {cough, dysptea, and eyanosis) manifestations
were also prominent. The patient died the next day. IgM
agalnst LNV antigen (reciprocal titer 1,600} was detected
in a serum sample collected before his death.

Patient 2 (FVBO§40) was a 27-yearold man
{agricultural worker) from Samuzabety, Bolivia, who came
to Hospital San Francisco de Asis in March 2008. The
patient had a temperature of 39.9°C and reported 8 days of
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fever, chills, and malaise. Other symptoms included cough,
arthralgias, myalgias, bone pain, headache, and retroocular
pain, On examination, multiple cutansous manifestations
were noted, including petechiae, purpura, a meculopapular
rash, and a diffuse erythematous rash, The patient was
hospitalized for 4 days and recovered. IgM against ANDV
was detected in an acote-phase serum sample {reciprocal
titer 6,400); no convalescent-phase sample was obtained.
Patient 3 (FVB0799) was a 4%-year-old man (farmer)
from Flor de San Pedro, Bolivia, who came to Hospital Sar
Francisco de Asis in June 2009. He reported 4 days of fever,
chills; and malaise. Other symptoms included arthralgias,
myalgias, bone pain, abdominal pain, headache, cough and
dyspnea. The patient survived, 1gM against ANDYV was
detected in an acute-phase serum sample (reciprocal titer
6,400); no convalescent-phase sample was available for

- pdditional analysis.

Molecular Analyses

Viral sequences generaled from samples fiom the 3
patisntswerchighly conservedoverthe generegions analyzed;
»99.6% pairwise nucleotide identity in the S segment (3-5-
nt differences) and >$9.2% pairwise nucleotide identity in

Movel Strain of Andes Virus, Central Balivia

the M segment (1-10-nt differences), Nucleotide sequences
were compared with those of hantavirus strains available in
GenBank (Table 1}. In pairwise comparisons ef § segment
gene sequences, we observed the highest identity with
CASV (31), which showed 89.3% identity at the nucleotide
level and 98.6% identity at the amine acid level, althongh
only limited sequence (643 nt) was available far comparison.
In comparisan with other Westemm Hemisphere hantavirses
for which more extensive sequences were available (1,287
nt) 75.8%—84.1% nucleotide seguence identity and 835.3%-
97.7% amino acid identity were observed, and the highest
similarity was with membcrs of the species Andes virus
(Table 1).

In pairwise comparisons of M segment gene sequences,
the highest nucleotide identity (83.3%) was abserved in
comparison with CASV. Similar amino acid identities
were observed with CASV (95.1%), Oran virus {95.3%),
Lechignanas virus (95.0%), and ANDV Hu39694 (35.3%)
(Table 1). Viral sequences amplified from patient samples
were more distantly related to LNV, Caiio Delgadito virus,
and Maporal virus; all showed <80% pairwise identity
at the nucleotide level and <90% pairwise identity at the
arning acid tevel (Tahle 1),

Table 1. Percent pairwise nucleotide and amine acid identity between select Western Hamisphere hantaviruses and virus sequences

amplified fram patients from central Balivia®

S segment (1,287 hp} M segment (1,330 bp)
Virus strain Country Nuclaatide Aming acid Nucleotide Amino acid
PRGV Asgenlina B1.4 94.6 20.8 8930
ANDY AH1 Asgentina 83.5 6.0 gt.7 939
ANDY Hu39594 Armgeniina B2.4 574 B1.7 953
MACY Argentina 81.7 §4.2 80.2 91.4
BMJIV Argenlina 83.7 97.7 512 939
LECV Argentina 84.1 o4 81,3 950
ORNV Argenlina 83.5 o974 0.3 053
CASVTE Brazil ’ 29.3 986 63.3 95.1
PARV Brazil 829 953 NA MA
ARAVE Brazil 84.0 848 79.5 93.2
JABV Brazil T3 88.6 . NA NA
ARCY Brazi 82.2 5.8 NA NA
ANDV 8717868 Chli 83.5 95.0 80.7 93.7
ANDV CHI?T313 Chile R 7 4 956 B1.1 92.8
CATYV Honduras 769 86.1 - 780 86.2
PDOV Mexdico 774 874 . 758 354
GHOV Panama 789 80.3 EEE] 8B.0
NEMV Paraguay 84.9 97.0 NA NA
ALPY Paraguay an.3 §8.3 NA NA
ITAPY Paraguay 81.7 95.8 NA NA
Juavi Paraguay 82.5 95.5 MNA NA
iNV Paraguay 78.4 90.2 792 90.5
RIDMV Perr 80.% 90.0 . 208 at.4
SNV MMH14 USA 78.5 87.2 760 &4.2
ELMCY RMu7 usa 76.8 83.9 73.8 B2.g
MAPYV Venezuela 79.6 9l 7.8 39.8
CADV Venazuela 75.8 85.3 743 §3.1

5, small; M, medlum; PRGV, Pergaring virus; ANDV, Andes virus; MAGY, Maciel vins; BMJV, Bermeja vwus; LELY, Lechiguanas virus; ORNY, Oran
wvirus; CASV, Castela dos Sonhos vinis; PARV, Pasanoa vifus; ; NA, suffitient sequenca not availzble for comparisan; ARAY, Araraquard vinds; JABV,

Jabora Vinus; ARCY, A wirus: CATY, C

virus; PDOV, Ef Moro Canyon virus; CHOV, Chorlo virus; NEMY, Neembucu virus; ALPV, Alta

Faraguay virus; ITAPY, Haporanga virus; JUQY, Juguiiba \dms. LNV, Laguna Negra virus, RICMY, Ric Mamoré virus; SNV Sin Nombee virus; ELMCV,

£l More Camryon Wins, HAPY, Maperal wua; CADY, Cafio Delgadito vinus.

18 segment smquance comparison was limited 1o 1he homalogous 499 hp(JUqV) o 343 hp (CASV) available from GenBank

1M segment sequanca comparison was limiled lo he 1,246
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To further explore genetic relationships between the
novel viral sequences and previously deseribed hantaviruses,
we conducted ML and Bayesian analyses on the basis of
$ segment and M segment nucleotide sequences. Similar
results were obtained for ML and Bayesian approaches
(Figure 2). Viral sequences derived from patient samples
grouped with other strains of ANDV (www.ncbi.rlm.nih.
2ov/ICTVdb/index.htm); formed a clade with ARAV,
MACY, PRGY, and ather ANDV strains; and formed a
subclade with CASV (Figure 2), Similar tree topologies
far other straing of ANDV were obtained on the basis of
analysis of § segment and M segment sequences. Genetic
differences between CASV and the novel sequences were
well supported by posterior probabilities (Figure 2) and
ML bootstrap values.

‘ Prevalence of IgG against Hantaviruses
among Humans in the Chapare Region

To determine the ewtent of human exposure to
hantaviruses in the region, we screened serum samples
from residents of villages in Chapare Province for TgG
against SNV antigen. A total of 500 participants >18 years
of age residing in villages in the region were enrolled

during April 25-May 2, 2005 (Table 2). Participants had a -

median age of 31 years (range 18-99 years); 54.9% were
women {Table 2).

Sixty-one (12.2%; 95% CI 2.3%—15.1%) had IgG
against SNV antigen (Table 2), and the highest prevalences
were in the towns of Samuzabety (18.6%) and San Gabriel
{17.2%). No differences were ohserved between sexes
or among different age groups (Table 2). The highest
prevalence of IgG against SNV was among agricultural
workers (15.0%) and housewives (13.5%) (Table 2). No
differences in seropositivity were observed for participants
with differing house construction materials ar quality.

Discussion

We demonstrated the association of a novel genotype
of ANDV with fatal human infection in central Bolivia
end extended the known genetic diversity of hantavimses
circulating in South America. One fatal case ocourred
among the 3 patients described, which was consistent
with high monality rates observed with infections with
ANDYV lineages in neighboring Brazil and Argentina (3).
The Internaticnal Committes on Taxonomy of Viruses has
provided guidelings for the demarcation of hantaviruses
{www.ictvdb.org/lctwiindex htm), which include a >7%
difference in amino acid identity in comparison with
previously identified complete § segment and M segment
gene sequences, & >4-fold difference in results of 2-way
cross-neutralization tests, and occupation of a urique
ecologic niche, such as a different primary rodent reservoir.
As with other hantavirus strains, attempts to isolate virus in

y

Andas
virus
stralns

Andes
virus
slraing

Figure 2. Phyloganatlic analysis of hantaviruses fram the Westem
Hemisphere on.the basis of patial A) smali and B) medium
segments. Novei strains described In this study are indicated in
boldface. Depicted phyl {ic reconstruclions are based on
Bayesian inferanca conducted in MrBaves (29,30). Posterior
prababilities are Indicated at relevan nodes. Scale bars indicate

-nucleatide sequanca divergence. CASY, Castelo dos Sanhos wirus;

ANDV, Andes virps; RNV, Oran virus; BMJV, Bermajo virus; LECY,
Lechlguanas virug: BMJC, Bermela virus; NEMV, Nesmbucl vius;
FRGV, Pergamino virus; MACV, Maciel virus; PARY, Paranoa virus;
ARAV, Araraquara virus; ITAPV, Haporanga virus; ARCV, Araucaria

- vings; RIOMY, Rio Mamoré virus; ALPV, Alta Paraguay virus; LNV,

Laguna Negra virus; CHOV, Chocla virus; SNV, Sin Mombre virus;
CADV, Cafe Oelgadito virus; ELMCV, B Moro Canyon vinrs;
PDOV, £1 Moro Canyon virus, CATY, Catacamas virus.
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Table 2. Characteristics of paflents tested for 3G against Sin
MNombre virus, central Bolivia®

Characlaristic Ne. positive/ng, tested (%)
Sex
M 28224 (32 .5)
F 32 (11.7)
Age.y
18-30 281244 {11.5)
31-50 281207 {13.5)
=50 4/43 {8.3)
Crecupation
Agricultural worker 25/167 (15.0}
Housewile 26M93 (13.5)
Studentieacher 3457 (3.3)
Health profassional 020 (0)
Otkerunkrown 7762 (11.3)
Village
Eterazama 13116 (1.2}
Isinuta 871 (8.5)
Primero da Mayo 1120 {5.0)
Samuzabaty 1370 (15.6)
San Gabrial 5129 (17.2)
San Julian 2124 (8.3}
Urkupina 2122 (9.1)
Cther - 194148 {12.8)
Total 81/500 [12.2)
“Complele i¢ dala were not availabla for all participsnts.

tissue culture were unsuccessful; thus, cross-neutralization
studies could not be conducted. Genetic criteria, amino acid
and nucleotide cornparisons, and phylogenetic analysis
clearty suppart inclusion of this strain in the species Andes
VEFLS.

Mo guidelines have been proposed for demareation of
viruses below the species level, and there does not appear
to be consensus on the designation of novel genotypes.
We abserved the highest identity with CASV, which has
been associated with human illness near the border of the
Mato Grosso and Pard States of Brazil (31,32), =1,500
km from the Chapare study sites. We observed =11% and
17% divergence at the nucleotide level for the S segment
and M segment, respectively, in comparison with CASV.
However, the true difference between the strains might be
underestimated because higher nucleotide and amino acid
conservation was observed among ANDYV strains overail
in the limited S région available for comparison (4%},
relative to other genome regians (16%4), No other hantavirus
was found to be <15% divergent et the nucleotide level in
the 8 segment or <18% divergent in the M segment, [f one
considers that the strains identified in our study segregate
with other strains ¢f ANDV but are genetically distinct, we
provisionally propose to name this novel genotype Tunati
virms (TUNV), after the town of Villa Tunari, where all 3
patients sought medical attention,

On the basis of data in this report, we found that human
hantavirus exposure is common in the Chapare Province.
Including the 3 TUNV cases, in 2008 and 2009, >2% of
Tebrile cases analyzed had evidence of recent hantavirus
infection, which is consistent with the 4% of febrile cases

Noval Strain of Andes Virus, Central Bolivia

reported for the region in 2003 and 2006 (33). In addition,
the 2005 serosurvey of healthy persons indicated that a
high percentage (=12%) of adults had evidence of exposure
to =1 hantaviruses at some time in their lives.

The extent of exposure we found is similar to that
reporied in neighboring Brazil, which wes 13.3% in
Maranhao State in northeastern Brazil (34) and 14.6% in
southern Brazil (3), and in northern Argentina, which was
6.5%-17.1%, depending on the population studied {13, 36).
QOccupational exposure appears to be a risk factor hecause
the highest antibody prevalence and 2 of 3 TUNV cases
were identified ameng agriculturat workers. We did not
observe an age-dependent increase in antibody prevalence
among aduits sampled, a finding also reported in southern
Brazil (35} There are scveral possible explanations for
this observation, including relatively recent emergence
of hantaviruses in the region, high monality rates among
infected persons, and preponderance of risk for exposure
during early adulthood.

Broad antigenic cross-reactivity that prevents
discrimination among diverse hantavirus groups is 1 of
the major limitations of ELISA-based serologic studies,
whether vsed in screening febrile patients for 1gM
against hantaviruses or healthy persons for [gG against
hantaviruses. Co-circulation of heterologous hantaviruses
has been described in Bolivia in rodent reservoirs and
in ill persons. RIOMV has been identified in the pigmy
tice rat {Qligeryzomys miicratis) in Bolivia (7). In 2000,
HPS cases assaciated with BMIV and ANDYV strain Nart
were identified aleng the snuthern border of Bolivia with
Argentina (27). LNV had been amplified from an HPS
patient in Chile with recent travel history to Bolivia (79). In
addition to these cases are many additional suspected cases
0f HP8 in Bolivia for which no specific virus was identified.
Of the 246 reported cases from 2007 through 2010, a total
of 74 aceurred in the Depariment of Cochabamba (37).
Future studies with more specific serologic assays are
necessary 1o determine the true extent of TUNV circulation
in this population.

In this study, we made no effort to incriminate the
reservoir host for TUNV. The only hantavirus reservair
identified in South America is rodents of the subfamily
Sigmodontinae. Oligoryzomys spp. rodents appear to
be the principal reservoirs for most ANDV variants,
including CASV {32,38). In addition to Ofigoryzomys spp.
rodents, AMNDV variants have been identified in Akodon
spp. (PRGV), Necromys spp. (MACV and ARAV), and
Bolomys spp. (MACV) rodents. Potential reserveir species
are abundant in Belivia, including Oligaryzomyps spp.,
Akodon spp., and Calomys spp. (LNV) rodents. Increased
rodent poputation density has been assaciated with the
emergence of hantavirus infection in humaens (4). Therefore
identifying the TUNV reservair host and understanding its
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ecology could lead to interventions for reducing human
exposure.
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Rise in the number of notified human hantavir

infections since October 2011 in mmamﬁlémwﬁg&ﬂm. s

Germany -
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Cltatian styla for this article:

Boone |, Wegnar-Wisnlng C, Reil D, [acék ), Rosenfeld UM, Ulrich RG, Lohr D, Pfaff G. Rlse In the number of notifled human hantavirus Infectlons since October 2011
in Baden-Wilrttemberg, Germany. Eure Survelll, zo12:17(21):pl=20180, Availabla pnifne: http://www.eurnsurveillance org/ViewArticle. aspx?Articleld=2018n

From October 2ot1 to April 2012, Bs2 human hantavi-
rus infections were notlfled In Germany, of which 580
(A89%) were in Baden-Wirttemberg. Case numbers
started to rlse earlier than they did before the previ-
ous outbreaks in 2007 and 2010, and are the largest
ever reported in this state during October to April of
any year. The early rise coutd be due to a beech mast
year In 2011, followed by an early and massive repro-
duction of the reservolr bank vole populations during
winter 2011 and spring zo1z2.

Qutbreak description

Fram October 2011 to April zo1z (reporting weeks 40
2011 to week 17 2012, ending 27 April 2a12), 852 cases
of hantavirus infections meeting the national case
definltion [1,2] were natified in Germany {cumulative
incidence: 1.04 per 100,000 population) [3]. Of these,
580 cases (68%) originated in the southern federal
state of Baden-Wlirttemberg (cumulative incidence: 5.4
per 100,000 population) (Table). This count exceeds
the number of cases observed durlng the manths
October to Aprit that preceded the outbreaks in 2007
{172 cases) and in 2010 (327 cases) in the same state
{Table). We report on thls ongoing cutbreak in Baden-
Wiirttemberg, taking into consideration cases notified
fiorn Otiober 2011 to Aprit 2oz,

Background

Puumala virus is the predeminant human pathogenic
hantavirus species in western, central and northern
Europe [4]. It is transmitted to humans by exposure
to excreta of its rodent reservoir, bank voles (Myodes
glareolus) [g]. After an incubation periad of usually
two to four weeks [6], typical clinical manifestations
inclide a sudden onset with fever, headache, back
pain and gastrointestinal symptoms. Remal involve-
ment is preminent and manifests initially as aliguria
and later as marked polyuria (nephropathia epidemica)

wiww.eurosunveillance.org

Article submitted on 21 May 2012 { published on 24 May 2012

{7}, Only 30% of Puumala virus infections occur with
typical clinical signs, resulting in high under-reporting
[8]. There is currently no specific antiviral treatment
[4]. Recommended prevention measures focus on the
avoidance of expasure and inhalation of potentialty
contaminated dust [g].

In Germany, laboratory-confirmed cases of hantavi-
rus infections have been notifiable since 2001 J1,10].
Between 2001 and 2011, the number of annual notifi-
cations ranged from 7z to 447, with a median of 235,
except for twa outbreaks in 2007 (1,688 cases) and
2010 (2,107 cases) [t1]. From November 2011 to February
2012, the Robert Koch Institute observed an increase
in the number of cases notified in Germany compared
with the mean in the same peried in the five preced-
ing years, from 2006{2007 to 2010/2011. Some &4% of
these cases were reported from Baden-Wirttemberg

[11].

Figure 1 represents the temporal distribution of cases
in Baden-Wilrttemberg from reporting week 40 in 20m
until reporting week 17 in April 2012, in comparison
with the putbreak periods of 2006~2007 and 2o00p-
2010. The current authreéak period 2011-2012 is char-
acterised by an early increase of cases, which started
alraady in October 2o11. In the last raported week in
2012 (week 17), the number of cases (n=87) has aimost
reached the historical weekly maximum of the 2007
outbreak year {96 cases in week 22).

Figura 2 shaws the geographical distribution of cases
in Baden-Wiirttemberg, Some 45% of alf cases (h=580)
were reported from flve of the 44 counties of Baden-
Wilrttemberg. These counties are in the central part
of the state, camprising the city of Stuttgart (n=és;
incidence: 107 per 1o0e,000 population), Tibingen
{n=34; incidence: 15.4 per 100,000 population),
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TABLE

Number and incidence of natified cases of hantavirus infection in each federal state, Germany, 2001-2012

* 201z until

=11

(085

AFquInu Yaam

. .Al'ihllﬂ.l_. / . .W?r»rer* 2 ek i
Baden- 875 1.02 7z 1,090 7% 83 327 ggB 61 128 580 sai
Wisttemberg (22-164) (9.55~1.54) (1.6) (10.14) (0.69] fo.77) (3-08) (o.28) fo.57) (1.19) (539} (4.66)
N 235 .24 38 296 A1 21 8& 437 45 46 &5 43
Bavaria (12-61) {0.14-0.43) lo.31) (2.36) (033} oag - (0.68) (3.49) (036} lo.37} fo.52) f.34)
Berli 1 0.03 1 1 3 L] o 3 o -] o o
esiin {o-2) {0-0.08) f0.03) (0.03) fo.00) {0) t0) [c.09) {0} ) (o) (0}
Brandenh [+ 3 1 4 3 ] a 2 2 [3 & [
andeniurg (0-3) {0-0.12) {o.00) (018} [o-23} (o) (o) {0.08) (0.08} {o.24) (0.16) )
[H 1] [+] Q 1] o o 1 1 [ 1 1
Bremen (0-1) (o-0.15) © ) (o @ (o) (0.15) (o35} {0} (0.15) {o.as5)
o [ a 3 1 2 1 & 1 1 o
Hamburg fou b-oos) | @ x| (0oe) | ad | (@o8) w ©08) | (.08 (o) ool
10.5 .21 3 27 12 % 31 174 10 13 23 19
Hesse (5-34) (0.08-0.56) ) {0.64) fa.2) {0.07) (0:57] [2.57) f0.16} .21} {038 le31)
Mecklenburg- 4 0.23 Fl 11 1 12 8 1 5 5 5 1
Vorpammern ' (1-8) (¢.23-0.46) fo12) (.45} (0.46) (8.73) (0.48} fo.57) {03} (0.3} {o3) {o.08)
8 2,13 12 93 18 16 34 123 18 23 48 36
Lower Saxony (3-75) (0.04-0.94) (0.16) a7 {0.23) . (0.2) (0.43) (155 [0.23) {c.29) (0.6) (0.45)
North 29.5 0.17 22 124 [ I 32 (74 156 24 62 86 60
Rhine-Wesiphalia (18-143) (0-12-0.75) (0.12) (0-6%) {0.34) (0.18) (032} (0.B7) (0.13) (0-35) (0.09) (p.34)
Rhingtand- 2.5 0.07 1 11 [ 1 2 28 4 7 11 [}
Palatinate (2~10) {0.05-0.25) (n.02) (@.27) {0.1} {v.02} (0.05) (e.7) (0.09] (o-17) (0.27) (o.22)
3 land [ o '] 2 a '] o 1 L =) 1 1
aarian {o-3) {p-n.09) i) {o.15) (o) o) {0} {04} (o o) o1 (0.1)
Saxon 1 0,02 [ 5 1 0 H 3 1 3 7 3
¥ (o-2) {o-0.05) 0] {0.12) (.02} (a) {o.05) (o.07) (0.0} (o.07) [o0.18) (0.14)
1.5 0.08 o 3 1 1 1 (3 1 1 4 q
Saxony-Anhalt  e=3) {0.04-0.12) (o) (0.12) [o.04) (0.04) (0.04) (6.28) (0:04) (0.04) (0.17) [o-27)
Py " 1.5 0.04 3 16 ] g ] i 7 13 3 1
Sehleswig-Holstein tosn) (8-0.25) (0.11) [035) (0.21) {032) {o0.22) {oz0) (0.5} (0.21) [o.11) {o.04)
. z 012 1 8 7 o 4 63 & § 14 1
Fhuringia {o-14) (0.04-0.6} {0.08) {0.35) f0.31) la) {o.18} (2.82) {017 {0.18) (0.62) (0,49}
Total 205 .28 256 1,688 243 151 559 2,007 184 30§ 85z 643
(Fa—4u7) (a17-0.54) (a3} {2.05) {03} (a.22) {0.62) (2.47) {2.23) (037} {1.04) (0.85)
* Winter is used to describe the period From week 40 of the preceding year to week 17, a perlod that colncides with the annuyal influenza season in Germany.
* Ending 27 April 2012, -
Source; Robert Xach Institute (2}, as of 16 May 20%.
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Esslingen (n=53; incidence: 10.3 per 100,000 popula-
tion), Reutlingen (n=62; incidence: 22.1 per 100,000
population) and Gdppingen (n=71; incidence: 28.1 per
100,000 population). The last four counties are located
in a hantavirus-endemic area lining the Swabian Alb,
a low limestone mountain range covered by small for-
ests and fields. Within all five counties, the cases were
clustered in several municipalities {data not shown).

OF all the cases notified in Baden-Wiirttemberg, 72%
were male (418 of 578 cases with information on sex
reparted). The highest incidences were abserved
among persons between 20 and 59 years (Figure 3).

an the hasis of preliminary data, the mest common
symptoms reported were fever (86%), renal impairment
(75%), headache (51%) and back pain (23%). Some 69%
of all cases were hospitalised. Where indicated (in 52%
of the hospitalised cases), the median length of stay in
hospital was five days (range: 1—20). No deaths were
reported.

Information related to potential exposure was available
far 39% of the cases. Most frequently menticned were
cutting and piling wood, spending time in a forest for
leisure (hiking, hunting) or forestry work, contact with
rodents o7 rodent excreta, especially during cleaning in
barns, sheds, attics, cellars, garden houses, garages,
afc.

Discussion

Previous outbreaks of hantavirus infection in Baden-
Wiritemberg in 2007 and in 2010 started in the first
morths of the year and peaked from May to June [11].
The early and Intense increase in case numbers since
October 2011 is without precedence. Early in 2012, the
public was informed of the outbreak and recommended
prevention measures [12,13] via media-releases pub-
lished state-wide on 13 January and ¢ March 2012,
Updated releases were also disseminated to local com-
munity-based media and physicians, However, data on
the public’s knowledge and the effectiveness of pre-
ventive measures against Puumala virus infections are
facking and are the subject of a separate study. -

The causes for the early increase of case numbers
remaln unclear. Current hypatheses relate the rising
incidence of Puumala virus infections to changes in
the population density of bank vales, due to climatic
factors [12] and possibly to the beech mast in zo11.
During mast years, deciduous trees produce excep-
tionally high gquantities of seeds, an impartant food
source for bank voles [14]. Mast years and hantavirus
outhreaks appear to be associated [15,16). In Baden-
Wiirttemberg, the beech mast years of 2006 and zoog
were followed by outbreaks of human hantavirus infec-
tions in 2007 and zo10. Last year (2011) was again an
exceptianal mast year [17], followed by a remarkably
mild winter [18}. This may have promated winter sur-
vival and reproduction of bank vole populations.

FIGURE 3

Cumulative incidence of cases of hantavirus infection

by age group and sex, Baden-Wﬁrttember%. Germany, 3
(Oct;}' 8e)r {reparting week 40} 2011-27 April {week 17) 2012
o= >

Incidence {per 100,000 peulation)

A_Na RA B B8 BE B
1519 2028 25-29 039 40-48 Sa-§p Go-6p 470
Age group (years)

o-14

- Male (n=418) B Female {n=160)

* Cases with informatjon on sex reported.
Source: Robert Kotk Institute [2), as of 16 May 201a.

Since spring 2010, the Julius Kiihn-Institute (Federal
Research Centre for Cultivated Plants) and Friedrich-
Loeffler-Institute (Federal Research Institute far Animal
Health) have been conducting monitaring studies in
an area of Bablingen County, Baden-Wirttemberg,
an endemic region for hantavirus, Trapping results
showed a peak mean bank vole population density
of 6346 individuals per hectare (Nzstandard errorf
ha) in October 2011. In April 2012, the mean bank vole
population density had increased to 76:23/ha (D. Reil,
unpublished data). This study indicated considerable
recruitment of bank voles, either through winter repro-
duction or migration. Serological and molecular studles
in hank voles fram this monitaring site demonstrated a
tontinuous presence of Puumala virus during 2010 and
2011 and an increased Puumala virus seroprevalence in
spring 2012 (U.M. Rasenfeld, unpublished data).

We anticipate a further increase In cases numbers dur-
ing summer 2012, Thls necessitates additional public
service information on prevention measures, Further
studies have been initiated to correlate habitat fac-
tors of the bank vole reservoir with human exposure
and behavioural data, to better understand the rea-
sons for this early increase in case numbers. They wili
also examine possibilities for preventive measures that
can be more efficiently communicated - and are at the
same time effective and acceptable — ta the population
at risk,

www.eurosurveillance.org
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UNDIAGNOSED ILLNESS, FATAL, CHILD - CAMBODIA (07): WORLD HEALTH ORGANISATION STATEMENT
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Date: Fri 13 Jul 2012

urce: World Health Crganisation (WHO), CSR, Dlsease Outbreak News [edited]

The Investigation into the ilinesses and deaths in Cambodla, which mainly affected very young children, concluded that
a severe farm of hand, foot and mouth disease (HFMD) was the cause in the majority of cases reported o the Ministry
of Health.

Samples from a total of 31 patlents were obtained and tested for a number of pathagens by Institut Pasteur du
Tambodge. Most of these samples tested pasitive for enterovirus 71 {EV-71) which causes HFMD. A smali propartion of

mples also tested positlve for other pathogens including _Haerophilus influenzae_ type B and _Streptococcus suls_,
It was not possible ta test all the patfents as some of them died before appropriate sarnples could be taken.

The Investigation included:

- a thorough review of the hospital records of the patients fram Kantha Bhopa hospital as well as from other hospitals;

- laboratory tests;

- active follow-up with the affected families by the local Rapid Response Teams [RRT); and

- evaluation of the data from the national surveillance system.

A total of 78 cases were identified, These included the initial 62 cases reported by Kantha Bopha hospital, and cases
reported from other hospitals. Of these, the investigation focused on 61 cases that fitted a specific criterla (the case
definition), and of which 54 had died. The investigation revealed that most of the cases were under 3 years of age,
fram 14 different provinces, with some suffering from chronic conditions. A significant number of cases had been

?nm_nnn_E_n_.,m_umqo_n_mmﬁmoamuum:nn_.i_._uEm_l__:mmm.mnm«oa:ma_._mm_umm:m:oisnosoqmm_._n:mno:n_zc_._om patients
with Ev-71. -

The Ministry of Health, with support from WHO and partners, which included Institut Pasteur du Cambadge and the Us
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Centers for Disease Control and Prevention, conducted the investlgation following reports from Kantha Bopha Children's
hospital of unusual numbers of ifllness and deaths among children hospitalised since April 2012.

In response to this event, health centers have been instructed by the Ministry of Health to report alt patients with
HFMD, In addition, the Ministry of Health, assisted by the WHO, has begun enhanced surveillance for neyrg-raspiratary
syndrome, a key syndrome observed amang patients with severe HFMD caused by EV-71. It Is expected that the
enhanced surveillance will identify occasional new cases of the severe form of the disease in the coming months.

In addition, the Ministry of Health is developing guideiines and tralning courses for staff te manage patients with mild
and severe forms of HFMD. A campalgn to raise awareness on the prevention, identification and care of children with
HFMD is underway.

Communicated by:
ProMED-mail Rapporteur Marianne Hopp

[This staternent from the WHO now acknowledges that human enterovirus 71 Infection has been associated with a
neuro-resplratary syndrome observed among a proportion of yaung children hospitalised with with sevare HFMD, The
investigation revealed that most of the cases were under 3 years of age and had been referred from 14 different
provinces. Inappropriate treatment with sterolds many have contributed to the deaths of some of the children.

In the absence of an appropriate vaccine, or specific medication, attention must now shift to treatment options and
%%a?%aﬁaﬁa59&83Ba3338&53;$$3:§2EﬁgagﬁgigﬂggﬁnSQES%.
but is a common problem wherever enteravirus 71 is prevalent {g.g,, see: Hand, foot & mouth disease - Viet Nam {11),
ProMED-mail archive number 20120712,1199237).

The HealthMap Interactive map of Cambodia can be accessed at: http:

.org/r/2g4s, - Med.CP)

See Also
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Undiagnosed illness, fatal, child - Cambodia {06): pathogen mix 20120711.1198162
‘Undiagnesed illness, fatal, child - Cambodia (05}: Ev71 treatment options 20120711.1197882
Undiagnased illness, fatal, child - Cambodia (04]: EV71, WHO 20120709.1195264
Undiagnosed iliness, fatal, ¢hild - Cambedia (03): Ev71 20120708.11939560

Undiagnosed liiness, fatal, child - Cambodia (02) 20120707,1193413

Undiaghosed illness, fatal, child - Cambodia: RF] 20120704.1190037

Hand, foot & mouth disease - China 20120707,1193364

Hand, foot & mouth disease - Waorldwide 20120701.1186614]
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Global Alert and Response (GAR)

Undiagnosed iliness in Cambodia - update

9 JULY 2012 - As part of the continuing investigations inta the undiagnosed
iiness, the Ministry of Health of the Kingdom of Cambodia is finalizing the
review of all suspected hospitalised cases. This final review added an
additiona) two cases between ApTil to 5 July 2012, making the iotal number
of children affected to be §9. Of these, 52 have died.

The age of the casas range from three months te 11 years old, with Ihe
majority being under thrae years old. The overall male: female ratio is 1.3:1.

Laboratory samples were not available for the majority of the cases as they
died before appropriate samples could be taken.

Based an the tatest laboratory resulis, a significant proportion of the
samples tested positive for enterovirus 71 (EY-71). which causes hand foat
and mouth disease (HFMD}. The EV-71 virus has been known to generally
cause severe complications amongst some patients.

Additionally, & number of other pathogens, including dengua and
sireplococcus suis were identified in some of the samples. The samples
were faund te be negative for M5N1 and other influenza viruses, SARS and
Mipah.

Further investigations into matching the clinical, labaratory and
epidemiological information are ongeing, and are likely to be concluded in a
few days.

WHO and partners, which include Institut Pasteur du Cambodge and US
Canters for Disease Control and Prevention, are assisting the Ministry of
Health with this event.

The Government is also reinforcing awareness of good hygiene practices to
the public, which includaes fraquent washing of hands.

Some facts on hand foot and moutir disease:

Hand feot and mouth disease {HFMD} is a common infectious disease of
infants and children. The symptoms commonly observed include fever,
painful sores in the mouth, and a rash with blisters on hands, feet and alsc
buttocks.

HFMD is most commonly caused by coxsackigvirus A16, which usually
rasults in a mild self-limiting disease with a few complications. HFMD is also
caused by enteroviruses, including enterovires 71 (EV71) which has been
associaied with serious eomplications in certain groups, and may cause
deaths.

BENESIS 2017-011

Print

Related links

A Gulde to clinical managament and
public health response for hand, foot
and mouth diseass (HFMLY

Hang, foot and mouth disease
information sheet
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Labovatory diagnosis on-sn outhreak of human
cases infected with Goatpox Virus in Chongging

LING Hué' 11 @it . JIN Eion-met! , FENG Kefal ,ZHAQ Chup-feng’  CHEN X'y
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Abstract  The seroprevalence of porcine cytomegalovirus
(PFCMY) and sapovints (SaV) infections in pigs was
investigated in Hanan province, China, between May 2005
and October 2010. A total of 500 pig serum samples col-
lected from 10 representative administrative regions in
Hunan province were evaluatéd for antibodies against
PCMV and S5aV using enzyme-linked immunosarbent
assay {ELISA). The overall seroprevalence of porcine
eytomegalovirus and sapovirs in pigs was 96.40% (482/
500} and 63.40% (317/500), and the seropositivity of 10
herds we surveyed varied, ranging from 94.74% to 98.48%
and 56.36% to 72.50%, respectively. The highcst preva-
[ence was found in breeding sows (96.67% for PCMVY and
83.33% for SaVa). The results of the present survey indi-
cated thet jnfections with parcine cytomegalavirus and
sapovirus are highly prevalent in pigs in Hunan province,
China.

Introduction

Percine  cytomegalovirus (PCMV) is & betaherpesvirus
belonging 1o the family Herpesviridae. PCMV causts
inclusion body rhinits, poor weight gain and death of
newborn piglets {11, 14} In herds, a major site of infection
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tends to be the turbinates and the rest of the upper respi-

ratory wact, and pigs under thres weeks of age may suffer

from pneumonia or generalized infection [8]. PCMV

infection is alsp an important preblem for human allo-
transplantation [7]. Haman cytomegalovirus is ubiguitous

in all populations, and infect up to 1% of all newborns [23,

26). Porcine sapoviruses {5aVs) are important enteric

pathogens that can cause acute gastroenteritis in humans

and animals. SaVs can cause diarrhea in pigs under |
experimental conditions [1]. Morcover, 5aVs. are 2lso

transmissible to humans, and the prevalence of human 7
SaVs ranges fram 0.3% ta 9.3% worldwide [22]. SaVs are

an important cause of acute gastroenteritis in infants and _
young children, as well as viral pastroenteritis ia the

eldery or other age groups [9, 15, 21), kt is estimated that

approximately 19% of viral gastroenteritis in children in

China is caused by 5aVs [25].

In the past decade, Hunan province has undergone major
sacio-economic development, and this has resulted in a .
huge increase in living standards and lifestyle changes. _
This has led to more and more pigs being raised ioten-
sively. In addition, PCMV and SaVs have global distr-
bution, and their prevalence in pig herds might be
underestimated, which can result in significant health
problems as well as economic losses globally [4, 3], More
importantly, SaVs can also infect homans and is considered
a significant enteropathogen ing acute gas itis
worldwide [9, 15, 21, 28]. Therefore, investigation of
PCMV and SaV infection in pigs has important implica-
tions for the prevention and control of both virtses in
humans and animals in Hunan province. However, anti-
bodies against PCMV and 5aVs in pigs have been reported
in only a limited number of countries or regions (1, 3, 24,

27], and no survey of the seroprevalence of PCMV and
SaVs in pigs in China has been reparted.
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The objective of the present investigation was to
examine the seroprevalence of PCMV and SaVs in pigs
from intensive farms in Hunan pravince. The sesults should
provide a foundation far the improved control of PCMY
and SaVs infection in pigs in this province.

Materials and methods
The study province

Hunan province is situated in the central eastern part of
mainland China, between the northern [atitudes of 25° to
3 and eastern Jongitudes of 109° o 114°. The climate is
hurmid subtropical monsoon with an average annual tem-
perature of 16-18°C. The average annual rainfall ranges
from 1200 to 1700 mun. Hanan provinee is divided in to L4
administrative regions (cities), with the city of Changsha as
its capital.

Collection and preparation of serum samples

A total of 500 blood samples were collected between May
2005 and October 2010 from pigs in intensive farms that
are distributed in 10 representative administrative regions
in Honan province (Table 1). The numbers of pigs reared
on each farm ranged from 1000 to 5000, approximately.
Before sampling, pigs were subjected to clinical exami-
nation to determine thelr health stams. Information z2bout
each pig, such as age, medical history, growth hormones,
and weight were collected. All pigs were provided with
sufficient concentrate mixture ¢high energy and high pro-
tein), The quantity of concentrate mixture was determined
by body weight. None of the pigs were vaccinated against
cytomegaloviras or sapovirus. Healthy animals from each

Table 1 ! of parcine cy lovirus and

in frigs in Hunan province as determined by ELISA

Spurce of serum Mo, examined  No. posiive  Prevaleace {%)
PCMV/SaVs PCMVY/5aVs

Yueyang st 48734 96.(K68.00
Yiyang 40 39726 97.50/65 00
Shaoyang 55 53/31 96.36/56.36
Henyang 64 62/39 96.38/60.94
Yongzhou 60 58736 96.67/60.00
Changsha 40 3829 95.00/72.50
Xiangran 38 626 94,74/68.42
Loudi 42 40127 95.23/64.79
Huaihua 45 43731 95.50/68.89
Chenzhou 66 65/38 08.98/57 58
Total 500 483317 96.40/63 .40
@ Springer

age group were selected randomly, and one blood sample
was collected from each animal. All of the blood samples
were labelled individually and cooled during transpart to
the laboratery at the College of Veterinary Medicine,
Hunan Agriculuoral University (Changsha, Hunan Prov-
ince), Blood samples were then centrifuged at 1,000 g for

10 min, and serum was collected, frozen, and stored at

—20°C until vse.
Serological examination

Antihodies against PCMV and SaV were detected by
indirect gB-ELESA and VP1-ELISA methods, respectively
[i7, t8). Briefly, a 95-well ELISA plate was coated with
PCMV- or SaV-specific antigen, and 100-pl diluted serum
samples were then added to the test wells. Pasitive contral
sera were collected from piglets that were experimentally
infected with PCMY or SaV. Negative control sera were
collected from newbom piglets bom to sows that were not
infected.

The results of the test were expressed as the optical

. density (O valuc at a wavelength of 450 nm. The mean

values for the positive control (PCX) and the negative
control {NCX) were obtained by calculating the average
value for two separate welis. Based on the S/P value,
classification of each sample was as follows: §/P< 0.3,
negative (—); 5/P=0.4, positive (+); 0.3< 5/P<0.4, suspi-
cibus (—/+) for PCVM, and S/P<2.0, negative (-);
S/P>2.1, positive (+); 2.0< $/P<2.1, suspicious (—/+) for
SaVs,

Seatiztical analysis

Differences in the PCMV and 8aV seropositivity in pigs
from different geographical localities were analyzed using
the chi square test in SPS5 for Windows (Release 17.0,
standard version, SPSS Inc., Chicago, IL, TUSA).

Results and discussion

Antibodies 1o PCMV and SaV were detected in 96.40%
(482/500) and 63.40% (317/500) of the pigs examined by
indirect gB-ELISA and VP1-ELISA, respectively. The
seroprevalence of PCMV and $aV infection in pigs ranged
from 56.36% w0 72.50% and 94.74% to 98.48%, respec-
tively (Table 1). There was no significant difference
between the seroprevalence in pigs from different geo-
graphical locations (p>0.05, data not shown). The sem-
prevalence of PCMYV in pigs in all of the 10 representative
administrative regions in Hunan province was morc than
90%, and the highest seroprevalence (98.43%) was in
Chenzhou (Table 1). The SaV seroprevalence in pigs in
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Table 2 Seroprevalence of porcine cytomegalovirus in pigs of diffezent categorics in Hunan province as determined by ELISA

Category Approximale age Weight (kg) No. examined Mo, positive Prevalence {%)
Breeding sows Adult females 120-150 60 58 96.67

Sucking pigs 1-3 wenks 79 60 57 95.0

‘Weanling pigs 4-10 weeks 12-17 4] 51 B0

Fattening pigs 12-1B weeks 35-70 60 35 81.67

Total 240 221 92.08

Table 3 Serogrevalence of porcine sapoviras in pigs of diffarent categories in Hunan province as determined by ELISA

Calcgory Approximate age Weight (kg) Mo, examined No. p\.xilive Prevalence (%)
Breeding sows Adult females £20-150 42 35 §3.33
Weanling pigs 1-% weeks 12-17 96 L1} . 68.75

Total 153 96 66.01

seven of the 10 representative administrative regions in
Hunan province was more than 60%, and the highest
seroprevalence (72.50%) was in Changsha (Table 1).

There Were no reports on the seroprevalence of PCMV
and 5aV infection in pigs in China prior to our present
investigation; only case reports and preliminary research in
pigs have been docamented [I3, 16, 19, 251, This is likely
due to the scarcity of the detection reagents required to
undertake the needed epidemiclogical surveys. The overall
seroprevalence found in this study was 96.40% for PCMV
and §3.40% for SaVs, which is consistent with previous
results using a PCR approach [13, 14, 19, 25), indicating
the frequent circulation of PCMV and 5aVs in China. The
overall seroprevalence of PCMV was similar w that
reported in Canada [3] but lower than that in Japan [27].
This may be atributed to different animal-welfare and
hushandry practices. The overall seroprevalence of 5aVs
was similar to that reported in Venezuela [L].

In the present study, breeding sows had the highest
PCMV seroprevalence (96.67%), followed by suckling
pigs (35.0%), fatiening pigs (91.67%), and weanling pigs
(85.0%) (Table 2), although these differences were noat
statistically significant (P>{.05). The highest scropreva-
lence of SaVs in breeding sows was 83.33%, followed by
weaning pigs (68.75%) (Table 3). Our investigation indi-
cated that weanling pigs bad & higher seroprevalence of
SaVs infection (68.75%). This result was not consistent
with that of a previous study using a VLP ELISA approach
[10], in which zero positivity was reported in the samples
callected from pigs 10 and 12 weeks of age.

Tt is hypothesized that the seroprevalence of PFCMV in
sows is an indicator of infection because of vertical
transemission of PCMY from sows to their offspring. In the
present investigation, the seraprevalence of PCMV in sows
was 96.67%, which supports this hypothesis. Although

transmission of PCMV can accur through milk, through
intrauterine transmission, and through wansmission during
the perinatal period [S, 6, 12], the most common routes of
transmission are via the oropharyngeal and genital tracts,
because the virus is excreted through body Aluids [20]. In the
present investigation, the seroprevalence of PCMV was also
widely distributed among other categories of pigs, con-
firming that the mest common route of transmission of
PCMV is horizontal transmission, Very limited data are
available regarding the transmission of $aV's, and in a recent
review, it was concluded that the major route of ransmission
of 8aVs is fecal-oral {2], but it is not yet known whether
vomit and contaminated food are also infections.

In conclusion, the results of the present survey indicate
that both PCMV and SaV infections are highly prevalent in
pigs in Hunan province, but this severs situation has
received little attention in the past, Thereforef, it is
imperative to apply integrated control strategies and mea-
sures to prevent and conwol FCMV and SaV infections in
pigs in this province and elsewhere in China.
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Novel DNA sequence isolated from blood donors with

high transaminase levels
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Alm; tn Japan, the etiology of 10-20% of rases of acute hepa-
titls remains undarified, This study was condueted ta verlfy
the agent causing non-A-E hepatitis,

Methods: Serum samples from 500 bload donors with
elevated alanine aminatransferasa (ALT) levels wera screened
by polymerase chaln reaction using primers constructed
from eonserved areas of RNA virus halicase. The sequence
obtained was investigated for viral propert)ss.

Resuits: Four bioad samples were found to contain a navel
DNA sequence of 9496 bp, which was designated Kis-V. Kis-v
was sgnsitive ta the restriction enzyme Sofl and Bstx1. Ralling-
circle amplification produced an excessive amount of Xls-v
DMA. In sucrose denslty gradient ultracentrifisgation, Kis-v
banded at a 1.158-g/cm® density, Detergent treatment
increased the density of Kis-V. There was no Kis-V DNA amplk
fication fram human leukocyte DNA. Serial filtratian sug-
gested that Kis-V was ineluded in 2 30-50-nm size particle.

sifico analysis revealed that Kisv contalned 13 patentiaf
genes, none of which shawed homolagy to any viral proteins
reported. Ohe gene showed simllarity ta a DNA, polymerase
domain. Strong signals for transcription inltlatian and a CpG
Island were identified. The nucleotide campasition of Kis-v
shawed a characteristic faature of circular DNA genomes that
contain a replicatiopn origin and a terminus. In a prefiminary
study, KI5V was frequently identified amang hepatitis € virus
antibody positive Individuals with elevated ALT levals,
Conclusion: Anew sequence KisV was Isalated from Bload
donors with elevated ALT levels. it was suggested that Kis-v ig
a double-stranded circular DMA genome derived from a novel
category of enveloped viruses.

Key words: alanine aminatransferase, hepatitis virus,
non-A-E hepatitis, RNA hellcase

INTRODUCTION

VIRAL HEPATITIS CONSTITUTES a disease categary
of vital importance not only because of its high
morbidity and mortality but alsa because of its high
prevalence and transmissibility. To date, a causal rela-
tionship between viruses and hepatitis has been estab.
lished for hepatitis A, B, C. D and E. A numher of
serological and/or genetic methods have been proposed
for the detection of these viruses in the ser obtained
from patients with hepatic dysfunction. Some of them
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have been successfully implemented for clinical diagno- .

sis and blood screening. In 10-20% of patients,
however, the etiology of acute hepatitis remains unclari.
fied despite the technological advances in molecular
biology.* Representational difference analysis’ was
used to detect the GB virus® and the TT virus® Non-
specific polymerase chain reaction {PCR) analysis was
also used to detect novel single-stranded DNA frag-
ments.® In cotitrast to these sophisticated but laborious
methods, we attempted to directly detect a new
sequence using primecs constructed from a conserved
portdon of RNA virus helicase.™* Applying this method
ta blood samples from voluntesr blood donors with
high transaminase levels, we successfully detected a
novel sequence that was deemed to be a part of an
enveloped DNA virus. In this anicle, we describe the
charactetistics of the novel sequence obtained and its
homology with those of known organisms.

a
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METHODS

Blood samples and testing for
hepatitis virus

LOOD SAMPLES WERE obtained from the blood

donots who were negative for hepatitis B virus
{HBV)-DNA and hepatitis C virus (HCV)-RNA but
were disqualified because of high alanine aminotrans-
ferase (ALT) levels (>60 IU/L). The method for nucleic
acid amplification tests for HBV and HCV has been
described elsewhere."® Anti-hepatitis E virus antibady
{HEVAD) was measured by IgGfIgM antiHEV ElA
{Institute of Immunology, Tokyo, Japan). HEV-RNA
was detected by reverse transaription (RT)-PCR follow-
ing the method of Mizuo ¢ral’ The whaole study
piogram on the identlfication of novel viruses among
blood donors was approved by the Japanese Red Cross
ethics committee.

Screening for and determination of
nuclectides with novel sequences

Nucleic acids were extracted from 0.1 mL of plasma
samples using an extraction kit (Smitest ExRAD;

Table 1 Primers used in this study

Hepatology Research 2011; 41: 971-981

Genome Science, Fukushima, Japan) and were reverse
transcribed (50°C, 30 min; 94°C, 15min) using a
reverse wranscriptase (SuperSeript [ Invirogen, Tokyo,
Japam). PCR was performed for 35 cydes {94°C, 30s;
$5°C, 30 5; 72°C, 2 min) using primers [A-3 and TV-3
(Table 1) that were constructed according to the amine
acid (a.a.} sequence of the consensus domain of helicase
of positive-stranded RNA viruses.”” Five hundred
blood samples were thus screened, and a novel sequence
obrained was designated Kis. 11 was first determined
that the Kls sequence had a TINA nature (see below}.
Employing the primer walking techinique, wnknowm
portions of the Kis sequence were amplified by PCR
without RT using primers constructed from a portion of
the KIs sequence and the kit primers {DNA Walking
SpeedUp Premix Kit-Il; Seegene, Seoul, South Korea).
The extension and determination of the sequence was
repeated, and the sequence thus obtained was desig-
nated KTs-V.

In the screening or experiments that required the con-
firmation of KIs-V, nested PCR was performed using
primers that were canstructed on the basis of the Kls-v
geduence: 101-C and N10L-B for the fist-xround PCR

Target sequence Mames Polarity Sequences Positions (nr)

Kls 1A-3 Sense 5-CCIACIGGIAGIGGIAARAGCAC-3*
w3 Antisense 5-CTICCMGTGCGICCICGSCGYTG-3"

KIs-v 101-C Sense 5"-CAACACCGCAATCACAAACT-3" 30Q7-3026
MN101-B Antisense 5"-AACATTGAAACGTCATCTCC-3" 3445-3464
KS-2 Sense 5-CTCGTCTCETCOTCATCGTA-3 3082-3101
N101-p Antisense 5-CATTIGCTCCCGCTGGAGATG 37 3365-33485
v-13 Sense 5" -CAATGAGATTGGATCGCACGA- 3 9195-9214
101-TT Aniisense CCCTGAACCTCITCGCAAAG-Y 321-340
K14 Sense $-CGTGTACTAACTATACTGAL-Y 9255-9274
KIv-2 Antisense $"-CACTCGTCCATTATACCGCT-3" 121-14D
KIv-5 Sense 5-AGAACGGTGACGAGATAAAC-3" 457-476
101-Su Senge 5-ATGGGCTATICTCAATCACT-3" 5715-5734
101-2% Sense 5" ACCTGCGCCTGAGGCTACGA-3° 6588-69D7
101-45 Sense 5 TGCGTAAAGTATCCAGAGTTGT-3 8863-5584
101-T Anlisense 5 TCGATCCCCTITCGGTACGT-3 1383-1402
101-6K Antisense 5-CACGCGATTCCCATATCCCT-3" 3789-8808
X7 Antisense 5 TGCGAGTATGGAGTCGACAT-3" 5331-5350
X-3 Antisense 5 -GITGGGAAGAGCTTCATTGT-3¢ 4091-4119
101-22 Sense 5'-GCTCAACGAACTCGCCTCGA- 3 4888-4907

HBY Sense 5 TCCTGTTACAGGCGGGGTTT-3" 192-211

Antisense 5" -CCAACCACTGAACAAATGGC-3 BB5-704
HCY Antisense 5-AACACTACTCCGCTAGCAGT-3 246-265
Sense 5"-CIGTCAGGAACTACTCICTT-3" 45-64

Bl13v 425 Sense 5'-CAGTATCAGCACCAGTGGTGGTG-3' 1356-1978

426 Antisense 5'-GGGATTAGAAGCTCCCACATGGR 3 2360-2382
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(34 cycles}; K8-2 and N101-D for the second-round PCR
(25 cycles) (Table1) (94°C, 30 55°C, 30s 72°C,
2 min). The KIs-V nucleatide positions were numbered
in this paper according to the sequence index that was
registered in GenBank (see below} in which the begin-
ning of the index was arbitrarily assigned.

Characterization of Kis-v

Nucleic acids were extracted from a KIs-V-pasitive
plasma and divided into three tubes. The first aliquot
(0.1 mL) was digested with 4 units of deoxyribonuclease
I (Diase X; Takara Shuzo, Shiga, Japan) at 37°Cfor 1 h
and then heated at 95°C for 10 min to inactivate the
enzyme. The second aliquot was digested with RNase
(Nacalai Tesque, Kyoto, Japan) at 37°C for 1h and
heat-inactivated. The third aliquot was not treated with
any of these enzymes. From each of the three samples
above, nucleic acid was extracted and subjected to
nested RT-PCR. The RT~PCR products were separated
and visualized by electrophoresis.

Inverted PCR was performed to examine whether
Kls-V was a citcular DNA using two primer combina-
tions that were constructed for the sequences near both
ends of the extended sequence: KIV-13 and 101-TT
KIV-14 and KIV-2 (Table 1). The cireular structure of
KIs-V was further confirmed employing rolling-circle
amplification {RCA} using an Illustra TempliPhi DNA
Amplification kit (GE Healthcare Science, Piscataway,
NJ, USA). In brief, DNA extracted from Kls-V-positive
plasma.was amplified overnight at 30°C using a bacte-
riophage Phi29 DNA polymerase and random hexamer
primers. The amplification product was subjecied to
nested P'CR using the primers for KIs-V. The same RCA
experiment was conducted using twa sets of primers,
each of which consisted of five primers constructed fiom
the Kls-V sequence (sense pritmers 101-C, KIV-5, 101.5u,
101-29, 101-45; antisense primers N101-B, KIv-2,
101-T, 101-8R, X-7; Table 1).

Enzymé digestion experiments were petformed using
two restriction enzymes spedfic for double-stranded
DNa, Sall and BstXT. The Sall consensus cleavage site
was idenfified within the sequence, and primers were
constructed for both sides of the cleavage site. DNA
extracted from plasma containing 107 capies/mL KIs-V
was treated with varying concentrations of $all (Takara
Shuze) at 37°C for 90 min and then heat-inactivated.
. DNA was extracted from the Sall-treated and non-Sall-
treated samples and subjected to PCR using the primer
pairs constnicted. For the digestion with Bse¥, a diluted
sample containing 10° copies/ml Kis-V was used. A
plasma sample containing 10* copies/mL human pat-
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vovirus B19 (B19V), a single-stranded DNA virus, was
included s a control. Extracted DNA was digested with
Bstx1 (Takara Shuzo) at 45°C for 1 h. The primers used
for PCR werte cohstnicted so that they cross aver the
BseX] cleavage site in the KIs-V sequence and authente
B19V sequence (GenBank 2ccession no. M13178-1a).
To elucidate the approximate size of the putative par-
tde containing the Kls-V sequence, a Flter passage
experiment was carried out. The pore sizes of the fillers
used were 0.2, 0.1, 0.05 and 0.03 pm [Nurlepore
Track-Etch Membrane; Whatman Japan, Takyo, Japan).
RIs-V-positive plasma diluted at a concentration of
approximately 10" copies/mL was oaded onto the filter
with a 0.2-um pore size, After remaving an aliquot for
PCR, the effluent from this filter was loaded onto the
filter with the second larger pore size, namely, a filter
with a 0.1-um pore size. This sequential loading was
repeated untit effluent was obtained from the filter with
2 0.03-um pore size. As a reference, HEV-containing
plasma was also subjected to the same sequential filtra-
tion, Tenfold ttration series were prepared from each
effluent, from which DNA was extracted and subjected
to PCR using Kls-V-specific or HBV-specific primess
(Table 1). The end titration value with positive PCR was
evaluated as the viral concentration in the effluent.

Ultracentrifugation in sucrose
density gradient

4 plasma cocktail (6.4 mL) containing KIs-V, HEV and
HCV was layered onto a stepwise density gradient con-
sisting of 1.0 mL of 609% {w/v) sucrose and 0.4 mL each

of 50%, 40%, 30% and 20% sucrose in Tris-HCI buffer .

(50 mM, pH 8.0, TE buffer} containing 1 mM ethylene-
diamine tetraacetic acid in a 4.4-mL tube, The tube was
overiaid with 1.4 ml of TE buffer and centrifuged at
256760 g for 16,5 h at 10°C in & Beckman SWeOTL
rotor (Beckman, Palo Alto, CA, USA). The wbe waz
pierced at the bottom, and 200-pL fractions were col-
lected, for which PCR analysis of Kls-V-DNA, HBV-DNA
and HCV-RNA was performed. The priters wsed for
determining HBV or HCV are shown in Table 1,

To explore whether KIs-V ig lipid-enveloped, Kls-v.
pasitive samples were either treated or not treated with
0.1% Nonidet P-40 in TE buffer for 5 min. The samples
were then ultracentrifuged, and the distibution pattern
of KIs:V was determined as described above.

Sequence analysis

The protein coding regions and transcription promoter
sites were predicted using the MolQuest web intesface
programs FGENESVO and TSSG, respectively (www.
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Molquest.com}. Pratein coding regions were pre-
dicted assuming the eukaryate genome genetic code.
The transmembrane regions of the predicted pro-
teins were inferred using the TMHMM web server
ver. 2.0 {www.chs.dtu.dkfservices/TMHMM/). Homol-
ogy search (BLAST} and conserved domain search (CD-
search) were conducted through the NCBI web server
(www.nchi.ntm nib.govy).

The GC skew plot was generated usipg an in-hause
Perl script. The cumulative values of (#G - #C)/
(#G + #C) wete plotted with a windaw size of 2 kb and
100-bp intesvals, where #G and #C fepresent the
numbers of G and C nudeotides, respectively, in the
window on the sense strand.

RESULTS

Detection of Kis and Kis-V fram donars with
high ALT leveis

P LASMA SAMPLES FROM 12 out of 500 donors with
more than 60 IU/L ALT were found to be RT-PCR.
Ppositive using the primers 1a-3 and IV-3, Eight of the 12
samples were either positive for the GB virus or con-
taminated with bacteria and were excluded. The remain-
ing four samples, three from male donors and one
from a female doner, were subjected to further analysis.
The ages of the four denors ranged 30-49 years. Their
ALT levels were between 61 and 82 IUJL. The DNA
sequences of the ampliificstion product from the four

W] TGCCTTACCT OGGCTGUTAAG TCAACAACTC

).C
301 Accooo(canc

AATCA CAAAGTIAAAC
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donors were identical and were designated KIs. The
length of Kls was unexpectedly short {210 bp: nt 3170-
3379) (Fig. 1) and, to our surprise, Kls did not show
homology with the consensus sequence of RNA vims
helicase even though it was obtained using primers con-
structed from RNA virus helicase,

During the initial screening, it was noticed that there
was little dilference in PCR yield with or without prior
RT, suggesting @ DNA nature of the sequence. Ta
confirm this, nueleic acids extracted from 2 Kls-positive
sample was treated either with DNase or RMase and
then subjected to RT-PCR. Mucleic acids treated with
RNase, not DNase, were amplified by RT-PCR, indicat-
ing that the novel sequence obtained was 3 DNA (data
not shown).

After several cycles of extension of the ks sequence
using the primer walking method, inverted PCR was
catried ot using two primer combinations that were
constructed near both ends of the extended sequence.
PCR produced sequences connecting both ends with
concordant sequences (Fig. 2). The total length of the
sequence was determined 1o be 9496 nucleotides from
this experiment. The sequence was designated KIs-v
and registered in GenBank with the accession number
AB550431. Using the primer sets for the nested PCR for
KIs-¥ (101-Cand N101-B, K§-2 and N101-D}, screening
was tepeated for the 500 blood samples, which resulted
in the identification of 16 samples, including the four
samples described above, to be KIs-V-positive,

BACCACGACT COTATCAALC ATCTCGAAAC

AATAGATCCG AAACGTCAGA TTCTACC GAC

F5-2
3061 TCTITACACCA TOTCTCGTGA ACTCGTCICD ICOTCATCGT ATCCACTTTC CARTCCCACE

361 CCATETTCCA BCATGAAATC CAGECAGTCA COTATACCOO TGARAGCCAA CAGAGCACCA

3181 CTACGCGAAA GACTCGACAA CCACCATEACL ACEAEYCCCE GTCAGECACET CETCAAGCTET

3Ml CTCAAATCAG TUATCAGACC TCGGATEATE

TCTACAAAGT CGACCGCTAE TECATCAAAG

330! TCGTCEACAT AGCCGACCATC ACETCGAGCG GCAGTACAAG CTTCCCCTTC ATCETCAATL

MI0LD

3%1 GTT TCTCG AGACCCGBAC ATACACCCCA CCeTCGCCGe

IO B

3421 TCATCTOTTG GTCTCGCATT ccrmw_mﬂmmsm TACTACT C GO

Figure 1 Mudeotide sequences of KIs and primers used to detect K3s-V. Bold characters indicate the Ks sequence that was fiest
detected using the primers conswucied fom the consensus domain of belicase of positive-stranded RNA viruses. Primers used to
detert KI5V are shown in boxes: first-raund polymerase chain reaction (PCR) primers, 101-C and N101-B; second.round PCR

primers, ¥5-2 and N101-D.
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609 bp

Figure 2 Electeophatesis of products of inverted polymerase
chain reaction (PCR) using primers constructed near hoth ter-
minals of Kis-V. The primers used are KIV-13 (ng 9195-9214)
and 101-TT (ot 321-340) for lane 1 and KIV-14 [nt 9255-
9274) and KIV-2 (nt 121-140) for lane 2, Bands indicated by
atrow 3 in lane 1 and amow b in lane 2 show the polynucle-
otides that connect both ends of the extended sequence. The
bands were excised from the gel and subjected to PCR and
sequencing, which revealed that they had a concardant
sequence. The nucleotide lengths of band a and band b were
assumed to be 541 bp and 381 bp, respectively, on the basis of
the whole sequence of KIs-V. Lane M shows the DNA ladder
marker by every 100 bp with the bold line indicating 600 bp.

Along with the whole Kls-V sequence from one of the
four samples, primer pairs were serially constructed, tar-
geting overlapping sequences of approximately 500 bp
length each. PCR with the primer pairs was carried out
for the other three Kis-positive samples, 1t was revealed
that the whole sequence obtained from each of the three
samples was identical to that of the first sample: the four
blood donors possessed Kls-V with completely identical
sequences. The concentration of KIs-Vin the four donor
samples was between 10° and 10* copies/mL, as verified
by limiting dilution assay.

To confirm that XIsV is not a DNA derived from
human host genomes, PCR was performed for
genomic DINA from leukocytes obtained from two Ks-
V-nepative individuals. Using the nested primers
described above, no amplification was achieved in any
of them, indicating Kls-V being of non-host origin
{data not shown).
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Properties of Kis-V

The overnight amplification of a Kls-V-positive plasma
sample with RCA using random hexamer primers pro-
duced a large arnount of DNA that was confimed to be
derived from KI5-V by PCR analysis {data not shown).
The same results were obtained in the two series of RCA
that employed Kis-V sequence-based primers. These
findings together with those from inverted PCR indicate
that KIs-V forms a cireular DNA in the sample.

Nine cleavage sites for the restriction enzyme Sall
were identified in the KIs-V sequence: nt 688, 1349,
3193, 3279, 5333, 6496, BO13, 8135 and 8748. PCR
was performed targeting restriction sites nt 3183 and
3279 using primer pairs KS-2 (nt 3082-3101)/%-3
(ot 4091—4110) and 101.C (nt 3007-3026)fN101-B
{nt 3445-3464). The amplification product was not
obtained from a sample treated with 10 U/pL Safl solu-
tion (Fig. 3a).

Four deavage sites for 8550 were identified o the
Kis-V sequences: nt 423, 2052, 4991 and 7550. Primers
that crossed the cleavage site nt 4991 were prepared:
101-22 {nt 4888-4907) and X-7 (nt 5331-5350]. The
pretreattnent of KIs-V DNA with 10 UfuL BstXI abro-
gated the production of polynucleotides by PCR using
the sbove primers (Fig, 3b left). In the B19V sequence,
two cleavage sites for BstX] were identified: nt 2033 and
ot 4730. Targeting nt 2033, primers were constructed:
425 (mt 1956~1978) and 426 (nt 2360-2382)
(Table 1). The pretreatment of B19V-DNA with Bsexl
did not change the density of the bands of PCR products
(Fig. 3b right). Overall, these findings indicate that KIs-v
forms a double-stranded DINA structure.

Regarding the effect of DNase freatment on PCR, the
DNase treatment {41 D:Nase 1 at 37°C for 1 h) of KIs-
V-positive plasma not before but after DNA extraction
using a proteinase-containing reagent abrogated the
amplification of KIs-V, indicating that KIs-V DNA
present in plasma is encapsulated by a proteinase-
semsitive substance (data not shown).

We pext carried cut the seral passage of Kis-v-
containing plasma through filters of various pare sizes.
Because of the blocking of the filter, we were often
unable to recover the full volume lnaded in the effluent.
It is nevertheless evident that the 0.05-um filter passed
the Kls-V sequence freely, whereas the 0.03-um filter
trapped it completely, as no Kis-V amplification was
obtained using neat effluent from the 0.03-pm filter
(Table 2). These findings indirate that the size of the
putative particle containing the Kis-V sequence js
between 30 and 50 nm. As a refesence, the same experi-
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Flgure 3 Digestion of DNA with restriction enzymes Saif (a) and BsiXl (b) that are specific for double-stranded DINA (2) DNA
extracted from plasma containing 107 copies/mL KIs-V was digested with Sall and amplified using primers 101C and M101B (left)
ar K5-2 and X-3 (right). There are two Sall-cleavage sitks between the sense primer and the antisense primer in both primer
combinations, The concentrations of Safl were 10 UL for lanes 2 and 6, 1 Uful for lanes 3 and 7, and 0.25 UH/uL for lanes 4 and
8. Lanes 1 and 5 show the cantrol without the enzyme. (b) DMNA extracted from a sample containing 10* copies/mL Kis-V (Jeft) and
DNA from plasma containing 10* copies/mL human parvovirus B19 (B19V] {right) were digested with Bsti! and elecucpharesed
after polymerase chain reattion (PCR). Primers used for PCR ase X-7 and 101-22 for KIs-V-and 425 and 426 for BLOV, There is one
BstXI-cleavage site between the primers in both the KIs-V and B19V sequence. The concentrations of BstXT were 16 U/uL for lanes
2and &, 1 )L for Janes 3 and 7, and 0.25 U/uL for lanes 4 and 8. Lanes 1 and 5 show the contred without the enzyme. Lane M
shows DA ladder marker by every 100 bp with the bold line indicating 600 bp.
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Table 2 Filter passage perforenance of Kls-V-positive plasma

Pore size of filtera [um) 0.2 a.1 a.05 g.03
KIs-v
Loaded volume {mL) H 4 23 17
Effluent volume (mL) 4 23 1.7 aa
End titert 1000 1000 10Q0 0%
HBV
Loaded volume {mL) 5 4 25 2
Efftuent volume (mL) 4 25 2 1
End titer 1000 1000 1000 o

Plasma containing either Kis-V or hepatitis B virus [HBV), the
concentration of which was 2djusted to appreximately 10*
capies{mL, was loaded onto the filter with 0.241m pores and the
effluent of this filter was loaded onto the filter with the second
larger pore size.

tMaximum plasma dilution that yielded. positive polymerase
chain reaction (PCR) resuht.

#Neat effiuent of the filter did not yield positive PCR result.

ment was performed using HBV-containing plasma, It
was revealed that the 0.03-um filter, not the 0.05-um
filter, trapped HBV, which is in agreement with the Dane
particle being 42 nm in diameter, confirming the filter
performance.

A plasma cocktail containing Kis-V, HEV and HCV
was fractionated by ultracentrifugation in a sucrose
density gradient. Kls-V appeared in the fractions with a
peakat 1.158 gfcm? as revealed by PCR, while HBV and
HCV appeared in those with peaks at 1.23 and 1.024 gf
cm’, respectively (Fig. 4). When Kls-V-positive samples
were treated with detergent and subjected to gradient
ultracentrifugation, the peak density of the fractions
containing the Kls-V sequence shifted from 1.158 gfem?
for the non-reatzd sample to 1.210 gfem? for the
treated sample, indicating that Kis-V is lipid-enveloped
(Fig. 5.

in silico analysis of Kis-V sequence

Potential protein coding regions in the Kis-V sequence
were searched for using a computer program, which
predicted 13 potential genes. The hypothetical genes
were numbered from genes 1 to 13 according to the
sequence index (Table 3). Ter and three genes were
encoded in the sense and complementary strands,
respectively. Among them, the longest open reading
frame (ORF) potentially encoded an 860-a.a.-long
protein (gene 13) and the second longest ORF poten-
tially encoded an B15-aa-long protein (gene §).
Detailed annotations are summarized in Table 3.
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Figure 4 Suaose density gradient analysis of KIs-V. A cocktail
of plasma sample containing KIs-V, hepatitic B virus {HEY)
and hepatitis C virus (HCV) was subjected to sucrase density

" pradient ultracentrifugation, and 19 fractions were collected.

The relative amounts of the polymerase chain reaction (PCR)
praducts for each vinus are shown in a composite figure. The
Left axis shows the intensicy of the gel band of PCR produes for
HEV (). HCV {0) and K1s-V (A). The right axis shows sucrose
density (g/mL, @). :

Although no viral proteins showed homology to the
predicted genes, 10 predicted proteins showed low w
high homologies to proteins encoded in bacteria or
fungi. In panticular, genes 10 and 13 showed high

3 f_.

I
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0+ R -
12345678 951011121314151617 181920

Figure 5 Sucrose density pradient analysis of detergent-treated
and non-detergent-treated Kis-V. A detergent {NP-40)-treated
and non-detergent-treated KIs-V sample were subjected to
sucrose density gradient ultracentrifugation, and 2¢ fractions
were collected. The relative amounts of the polymerase chain
reactien (PCR) products of each sample are shown in a com-
pasite figure. The Left axis shows the Intensity of the gelband of
PCR products far non-detergent-treated Kis-V (M) and that for
detergent-treated KIs-V (A). The right axis shows sucrase
density {gfmL, ®).
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Table 3 n silico analpsis of KIs-V sequence
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Gene[D  Strand  Stat  End  Length  PIY MWt

-Best BLAST hit, [dentity ~ CD-stach§  TMEMMY

(aa} (kD) (%), E-value
1 + 76 450 124 4.76 13.4441 ¥YP_003797582, 33%, 3.1 HNo hit Mo hit
2 - 594 1361 255 10.57  29.263F  NP_G59885, 39%, 0.42 o hit No hic
3 + 1592 1870 92 7.81 91172 YP_188237, 34%, 0.28 No hit 63-38
4 + 3070 3669 199 992 21.2769  ZP_04094369, 26%, 0.97 No hit No hit
5 + 3826 4293 155 10.44 18.0216  No hit o hit o hic
6 + 3831 6278 815 6.63 86.563! Mo hit PRK14971 No hit
7 + 5233 6054 273 11.45 313655  ZP_07063563, 23%, 6.0 No hit 106-124
8 + 6124 6484 36 10.93  10.3484  Nohit Mo hit No hit
9 + 6511 4380 ag 12.81 10.5323 XD 001527475, 30%, 74 No hit Mo hit
10 + 6877 7872 331 951 36.6633  XP_567444, 4004, §e-37 No hit No hit
11 + 7BEB 8610 240 ° 1033 259111 ADVI4399, 28%, 0.004 Mo hit Na hit
12 - £476 8784 102 10.28 119779 XP_741105, 40%, 9.8 No hit *a hit
13 - 9455 2541 850 10.20 92.5745  ADV24464, 33%, 3e-67 clo2694 Mo hit

tPredicted isoelectric point.

$Predicted molecular weight.
§Conserved domain search result,
{Prediction of ransmembrane damains,

homologies 1o hypothetical proteins encoded in Crypto-
coccus. We alsa searched for putative functional domains
using the CD-search program.'? Gene 6 and gene 13
showed similarities o a DNA polymerase domain
(GenBank actession mo. PRK14971) and the LCCL
domain (GenBank accession no. cl02694), Tespectively.
The TMHMM program predicted that twa hypothetical
proteins encaded by gene 3 and gene 7 harbored shont
transmembrane regions.”® .

We next investigated the pattem of nucleotide com-
position skew in the KIs-V sequence. In many circular
bacterial and viral genomes, the bias of nucleotide G
relative to C is observed around the origin and terminus
of replication, which is possibly due to a strand-specific
mutation rate. Previous studies have shown that in the
GG skew plot, a plot of cumulative values of the bias, a
valley and a peak would correspand to the eeplication
origin and terminus of a cireular genome, respectively. ™
In contrast, a single valley would be observed in a linear
genome. In the KIs-V sequence, a distinct valley and a
peak were found around nt 7000 and nt 2000, respec-
tively (Fig. 6), indicating that the replication origin and
the replication terminus were located around nt 7000
and nt 2000, respectively.

Using the TS5G program trained for predicting mam-
malian promoter sites,"* we found that a region around
the TATA box on the sense strand starting from nt 5438
had strong signals for transcription initiation. In addi-
tion, the adjacent region on the complementary strand
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showed weak signals for transcription initiation. This
region also contained a CpG island spanning from nt
4717 to nt 5194, which contains mare than 50% GC
composition and more than 0.6 observed/expected CpG
numbers. Another large CpG island was found in the
region between nt 455 and nt 2008 with the same
criteria.

Kls-V prevalence among blood donors

All four KIs-V-positive samples were found ta be posi-
tive also for HEVAD by enzyme-linked jmmunosotbent
assay although they were negative for HEV-RMNA by

oL

-z
o,

cumuiative (G-C)(G+C)

-3

M 2000 4000 BOLQ BdOO

Figure 6 GC skew plot of KIs-V sequence. The cumulative
scores of (G~ C)/ (G + C) in the 2000-bpdong window were
calculated at 100-bp intervals. The center of the windows was
piotted on the abscissa.
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Table 4 Relationship between Kis-V, HEVAb, and ALT level
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ALT <60 ALT >60
HEVAb Negative DPositivet Negative Paositivet
Number of samples investigated 124 196 100 100%
Number of samples positive for Ks-V 1 0 1 6§

TAll of the hepaiitis E virus antibady {HEVAD)-positive samples were negative for HEV.RNA.

$Male, 84; female, 16.
$Male, 30; fernale, 6.
ALT, alznine amirotransferase.

RT-PCR. Twelve other KIs-V-positive samples detected
amoang the 500 samples using nested PCR were also
HEVAb-positive. These findings prompted us to invest-
gate the relationship between HEV and Kis-V. Five
hundred and sixieen blood samples were newly
obtained from blood donors and categorized into four
groups by ALT level {either <60 or >60) and the presence
or absence of HEVAb. Each of the four groups consisted
of 100 or more blaod samples, None ef the 296 HEVAD-
positive samples contained HEV-RNA. It was revealed
that 36 out of 38 Kls-V-positive samples were found in
the group with a high ALT leve] as well as positive for
HEVAD (Table 4}. The ALT level in the Kls-V-positive
samples ranged 61-226 with the mean value being 88.3.
There was no difference in male-to-fernale ratio between
KIs-V-positive and Kls-V-negative samples.

DISCUSSION

NOVEL DNA sequence deslgnated KIs was detected
in blood doners with ALT levels of more than
60 [U/L using primers constructed from conserved areas
of RNA virus helicase. Because the consensus domain of
helicase is widely shared by viruses including HCV and
the GB virus,” we examined whether it was shared by
unknown viruses associated with fiver diseases, and
screening by RT-PCR was carried out using primers con-
structed on the basis of the a.a. sequence of the helicase.
The sequence obtained was 210-bp long and showed na
homology with the consensus sequence of the helicase,
suggesting that the sequence of the constructed primers
was not inherent in the helicase. Possibly, the primer
sequences with multiple positions pemmissive of alter-
native nudeotides decreased their hybridizing specific-
ity, resulting in the coincidental acquisition of matching
to a novel sequence.
Although there was seemingly no implication of
RNA helicase in KIs, we concentrated on exploring its
viral property. Using the primer walking methaod, we

extended Kis to produce a sequence of 9496 mucle-
otides designated KIs.V. The experiments examining
the effect of RT and the digestion with either DNase
or RNase on the PCR yield confirmed that Kls-V is 2
DNA. Treatment with the restriction enzyme Sall or
BstX1 revealed that KIsV is a double.stranded DMNA.
The RCA experiment’® using either random hexamer
primers ot Kls-V-sequence-based primers vielded an
excessive amount of DNA having the Kls-V sequence.
Inverted: PCR using the primers constnucted near both
terminals of the sequence produced the connecting
sequence. These results indicate that KIs-V hag a circw-
lar form.

It may be argued that a plasmid has similar character-
istics to those described abave. Direct treatment,
however, of the Kls-V-positive sample with DNase did
not affect the PCR yield, whereas the pretreatment with
proteinase-containing extraction reagent followed by
DMase digestion abrogated the PCR amplification of
Kls-V. This indicates that KIs-V is present in plasma not
as a nucleic acid per se but as an organism encapsulated
by a ptotein. Moreaver, the filter passage ezperiment
indicates that KIs-V is integrated in a particle-like organ-
ism having a 30-50 nm size. [t is inconceivable that a
plasmid with bp of less than 10 000 has the filiration
propeity presented here, namely, non-passage thiough a
0.03-pm pore filter.

The density of KIs-V was determined as 1.158 gfem?,
indicating that KIs-V is desived from a micoorganism
with its inherent density. Detergent treatment of the
sample increased the peak density of KIs-V, indicating
that KIs-V is lipid-enveloped. As no amplification was
achieved with any of the leukocyte DNA samples, Kls-V
was considered not to be a sequence ubiquitously
present in human hosts. All of the findings presented
above indicate that KIs-V i3 a sequence derived from an
organistn, most likely a virus, having a double-stranded
creular DNA as jts genome in a lipid-enveloped
stracture. -

@ 2011 The Japan Society of Hepatology

980 K Satoh eral.

There was no difference in the Kis-V nucleotide
sequence between the four samples investigated. This
may indicate that Kls-V is an agent with a very low
sequence variation, Kis-V seems to be a genome belong-
ing to a new category as there werz no sequence
homologies between KIs-V and any other viral genomes
registered in the public databases. Our sequence analy-
sis, however, supported the jdea that KIs.V is likely a
viral genome having humans as a host. Fimst, the GC
skew plot showed that KIs-V is indeed a circular DNA
that has a replication origin and a terminus. Secand, the
human promoter prediction program faund strong sig-
natires of the mammalian promoter in the Kis-V
sequence. Thitd, a CpG island was found near the pro-
moter region, Which is a typiral feature of mammalian
genomes, suggesting that Kis-V is a circular DNA using
mammalian transcription machineries.

Although we identified a putative microorganism
with a novel sequence from blood donor samples with
high ALT tevels, the ALT levels recorded among them
were relatively moderate with values between 61 and
82 IUf1, which might raise a question ahout its rel-
evance to hepatotoxicity. In the second screening study,
however, K-V was identified almost ezchusively
among the HEVAb-pasitive individuals with moderately
elevated ALT levels. It may be that KIs-V has a common
mode of entry into humans with HEV. For example,
HEV infection in developed countries is associated with
the intake of underdone meat.’™* KIs-V may, in that
sense, share the contaminaticn spectum in foads with
HEV., On the other hand, the finding that Ks-V is fre-
quently found among peaple with elevated ALT levels
suggests that KIs-V has a hepatopathological nature
indeed, causing liver dysfunction directly or indirectly.
Because KIs-V was found among otherwise healthy
blood donors, it may be either that it usually causes
asymptomatic acute hepatic cell injury with a moder-
ately elevated ALT level or that it has an etinlogical
association with chronic asymptomatic hepatic cell
dysfunction.

We have presented data that indicate the viral prop-
erty of KIs-V: {i) it has a protein capsule; (ii) it is lipid-
enveloped; {iii) it has a diameter berween 30 and
50 nm; (iv) it has an inherent density of 1.158 g/fem?;
and (¥) it has a replication origin and a terminus in the
sequence with a putative mammalian transaiption
machinertes, Despite all of these findings, it is yet to be
determined whether KIs-V is indeed a viral genome. To
unequivocally clarify this issue, it will be necessary to
carty out infection experiments using appropriate
animal models. It alao has to be determined whether
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Kls-V causes acute hepatitis or whether Kis-V camiage
leads to chronic hepatic dysfunction with a moderately
elevated ALT level. It is also possible that the moderate
hepatic dysfunction observed among KIs-V-positive
individuals is a secondary finding during the clinicat
course of a Kls-V-assaciated illness that mainly targets
organ(s) other than the liver. Studies are now in
progress to callect clinical data from patients from
varied clinical categories with hepatic dysfunction.

ACKNOWLEDGMENT

E THANK T. Tanaka nf Tokye Women's Medical
University for helpful suggestions and comments.

REFERENCES

! Chu CM, Lin §M, Hsieh 8Y ez al, Eticlogy of sparadic aarte
viral hepatitis in Taiwan: the role of hepatitis € virus,
hepatitis E virus and GB virus-C/hepatitis G virug in an
endemic area of hepatitis A and B, J Med Virol 1999; 58:
154-9.

Yana K, Tamada Y, Yatsuhashi H et al. Dynamic epidemi-

ology of acute viral hepatitis in Japan. Interviralogy 2010;

53: T0-5.

Lisitsyn N, Lisitsyn N, Wigler M. Cloning the differences

between two complex genomes. Science 1993; 25%; 946-

51.

Simons IM, Pilot-Matias T7, Leary TP et al. [dentification of

two Bavivirus-like genomes in the GB hepatitis agert. Proc

Natl Acad Sci USA 19935; 92: 3401-5,

Hishizawa T, Okamuoio H. Konishi K; Yoshizawa H, Miy-

akawa Y, Mayumi M. A novel DNA virus [TTV) associated

with elevated transaminase levels in postiransfusion hepa-
it of unknown etology. Biochem Biophys Res Commun

1997; 241: 92-7.

Yeh CT, Tsac MY, Lin ¥C, Tseng IC. ldentification of a

novel singlestranded DNA fragment associated with

human hepatitis. J Infect Diis 2006; 193; 1089-97.

Kim DW, Kim J, Gwack ¥, Han JH, Choe }. Mutational

analysis of the hepatitis C virus RMA viros helicase. | Virol

1997; 71: 9400-9_

Muethoff AS, Leary TP, Simons JN et al, Genomic organi-

zation of CB vins A and B: two new members of the

flaviviridae associated with GB agent hepatitis. J Virol 1295;

69: 5621-30.

Ohba K, Mizolami M, Lau J¥N, Drito E, Tkeo K. Gojabori

T. Evolutianary relationship of hepatitis C, pesti-, flavi-,

plantvituses, and newly discovered GE heparitis agents.

FEBS Letr 1996; 378: 232-4,

10 Mine H, Emura H, Miyamato M et al. High throughput
sceening of 16 million serologically negative bloed
donors for hepatitis B virus, hepatitis G virus and human
immunodeficdency virus type-1 by nucleic acid amplifica-

%)

w

Y

v

L)

~

o






