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DONOR INFECTIOUS DISEASE TESTING

Hepatitis B virus transmission by blood transfusion during 4
years of individual-donation nucleic acid testing in South Africa:
estimated and observed window period risk

Marion Vermeulen®, Caroline Dickens®, Nico Lelie, Evangelia Walker, Charl Coleman, Mark Keyter,
Ravi Reddy, Robert Crookes, and Anna Kramuvis

BACKGROUND: Since October 2005, a total of
2,921,561 blood donations have been screened by the
South African National Blood Service for hepatitis B
virus (HBV) by individual-donation nucleic acid testing
(ID-NAT). Over 4 years, 149 hepatitis B surface
antigen—negative acute-phase HBV NAT--positive dona-
tions were identified (1:18,608). The lockback program
identified one probable HBV transmission.

STUDY DESIGN AND METHODS: The complete
genomes of HBV isolated from the donor and recipient
were sequenced, cloned, and analyzed phylogeneti-
cally. The HBV window pericd (WP) transmission risk
was estimated assuming a minimum infectious dose of
3.7 HBV virions and an incidence rate correction factor
of 1.34 for transient detectability of HBV DNA,
RESULTS: Of 149 acute-phase HBV NAT yields, 114
(1:25,627) were classified as pre—antibody to hepatitis B
core antigen (anti-HBc) WP and 35 (1:83,473) as post—
anti-HBc WP. The acute-phase transmission risk in the
HBV DNA-negative pre- and post-anti-HBc WPs (of
15.3 and 1.3 days, respectively) was estimated at
1:40,000 and 1:480,000, respeclively. One HBV trans-
mission (1:2,900,000) was identified in a patient who
received a transfusion from an 1D-NAT—nonreactive
donor in the pre—anti-HBc WP, Sequence analysis con-
firned transmission of HBV Subgenotype A7 with
99.7% nucleotide homology between donor and recipi-
ent sirains. The viral burden in the infectious red biood
cell unit was estimated at 32 (22-43) HBV DNA copiles/
20 mL of plasma.

CONCLUSION: We report the first known case of
transfusion-transmitted HBV infection by blood
screened using |D-NAT giving an observed HBV trans-
mission rate of 0.34 per million. The estimated pre—
acute-phase transmission risk in the ID-NAT screened
donor population was 73-fold higher than the observed
WP fransmission rate,
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n Qctober 2005, the South African National Blood

Service (SANBS) implemented individual-donation

nucleic acid testing (ID-NAT) to screen all bloed

donations for human immunodeficiency virus
(HIV), hepatitis C virus (HCV), and hepatitis B virus
(HBV).! Although the development of systems to screen
blood donations using NAT has significantly reduced
the residual risk of transfusion-transmissible infections
{TTIs),® it has not eliminated it completely*$? Factors
that contribute to the transmissibility of infections by
blood transfusion during the window period (WP) include
the level of viremia, the sensitivity of the screening assay,
and the minimal infectious dose.”*" The length of the WP
is determined by the doubling time of viremia and the

- analytical sensitivity of the testing system used for screen-

ing 181516 ID-NAT is generally more sensitive and detects

ABBREVIATIONS: ID = individual donation; IDg, = 50%
minimum infectious dose; LOD = limit of detection; MP = mini-
pool; OBI = occult hepatitis B infection; SANBS = South African
National Blood Service; TTI{s) = transfusion-transmissible
infection(s); WP(s) = window period(s).
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lower levels of nucleic acid compared to minipool (MP)
NAT, although for HBV, three head-to-head comparison
studies showed no significant difference in analytical
and clinica! sensitivity between the Ultrio assay (Novartis
Diagnostics, Emeryville, CA) in ID-NAT format and the
TagScreen assay (Roche Molecular Systems, Pleasanton,
CA) utilized in MP8 configuration '™

A review of the literature revealed that to date there
has been no documented case of transfusion-transmitted
HBV 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
blood screened by NAT using larger pool sizes.”?*2 Inter-
estingly, when some of these donations were tested by
ID-NAT they were also not reactive, but the diagnostic
polymerase chain reaction (PCR) methods used in these
cases might have been less sensitive than the current
triplex NAT blood screening assays.

The benefit of implementing a more sensitive ID-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 (OBI) is high.® '

- Before the implementation of hepatitis B vaccination
in the immunization program of infants in 1995, it was
reported that more than 70% of the South African popula-
tion had been exposed to HBV, with an estimated 10%
being hepatitis B surface antigen (HBsAg) carriers.® Inter-
estingly, when the background prevalence of HBV was
examined in an adult population 5 years after introduction
of infant immunization, the HBsAg- and anti-HBc-
positive rate was reported to be lower (3.3 and 36.7%,
respectively), which indicated that beneficial factors other
than HBV vaccination play a role in reducing HBV trans-
mission in a community. The 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 denatiens in the window phase
remains 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 OBI, for donations procured within 1 year of the
positive (index) donation. SANBS does not routinely
screen for anti-HBc; however, should recent seroconver-
sion to anti-HBc be identified, a lookback investigation
will be conducted. Recipient triggered lookback investiga-
tions are carried out whenever there is areported case of a
possible transfusion-transmitted infection.

In this study, we report the first case of transmission

of HBV by a blood donation in the HBV DNA-negative WE,

TRANSFUSION-TRANSMITTED HBV INFECTION

which occurred during the fourth year of ID-NAT screen-
ing and which was confirmed by comprehensive nucleic
acid sequencing and phylogenetic analyses. Moreover, we
compare the observed HBVWP 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

All blocd 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 cherni-
luminescent immuncassay system (Abbott PRISM ChLIA
system, Abbott, Delkenheim, Germany) and, for HBV
DNA, on a multiplex NAT assay system (Procleix Ultrio
multiplex system on TIGRIS, Novartis Diagnostics). Serol-
ogy and ID-NATs were performed concurrently using two
donor samples, a ciirated plasma sample for HBsAg and
an ethylenediaminetetraacetic acid gel-separated plasma
sample for NAT. Initial reactive denations in the Ultrio
assay are tested in duplicate on the primary test tube as
well as in the discriminatory probe assays. Donors that are
concordantly repeat reactive in Ultrio or dHBV assays and
the HBsAg assay are considered HBV infected. HBsAg-
negative donations that are Ulirio repeat reactive or
reactive in the dHBV assay are tested for viral load by
quantitative PCR {on the Cobas TagMan, Roche Molecular
Diagnostics, Pleasanton, CA) assay as well ag by triplicate
or fivefold Ultric and dHBV assays on samples taken from
the frozen plasma unit. These potential HBV NAT-yield
samples are also tested for immunoglobulin (Ig)M anti-
HBc, total anti-fIBc, and anti-HBs titer (Elecsys, Roche
Molecular Systems, Pleasanton, CA).

Potential HBV NAT-yield donors, as well as HBsAg
neutralization-positive donors with Ultrio-nonreactive or
nonrepeatable reactive resulis, are recalled to confirm
HBVinfection markers in a follow-up sample, On the basis
of the pattern of results in index and follow-up samples,
HBV NAT-vyield infections in first-time, lapsed, and repeat
donors are categorized into acute and chronic NAT-yield
cases. The first group is further classified as pre-HBsAg or
pre-anti-HBc WP if all serum markers in the index dona-
tion are nonreactive or as post HBsAg or post-anti-HBc
WP (or early recovery phase) when IgM anti-HBc is posi-
tive (Elecsys, Roche Molecular Systems). If two sequential
samples were HBV DNA reactive followed by seroconver-
sion to anti-HBc (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 sorne point in time because of the
length of the satpling intervals. A second subcategary of
WP infections could be classified as either abortive FHBV
infection or, more likely, vaccine breakthrough infections,
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Fig. 1. Course of serum markers in acute resolving hepatitis B infection. The curves in the upper part of the diagram show the rela-
tive concentration of the markers in a typical infection. The lines above the curves show the mean lengths of the detection periods
of HEV DNA and HBsAg as estimated from the numbers of HBV NAT yields with and without detectable HBsAg, The lengths of the
pre- and post-HBsAgWPs and pre- and post-NAT (Ultrio) WPs were calculated for RBCs (20 mL of plasma) from the 50% LODs of
9.5 and 1000 coples/mL for HBV DNA and HBsAg by the transmission risk model ofWeusten and coworkers,'® assuming a 50%
minimum infectious dose of 3.7 copies in the ramp-up viremia phase and 370 copies in the declining viremia phase. The resulting
probability curves that RBCs are infectious and the probability of nondetection by Ultrio based on 95 and 50% LODs of 98.5 and
9.5 copies/inL determined by comparison against the Eurohep standard are shown at the bottom part of the diagram. The shaded
area shows the probability that RBCs are infectious but not detected by NAT and give the number of risk-day equivalents in the first
and second WPs, which were estimated to be 15.3 and 1.3 days, respectively, for Ultrio and 12.6 and 0.74 days, respectively, when
the more sensitive Ultrio Plus assay with 95 and 50% LDDs of 46.9 and 4.5 copies/mL would be used, In a later stage of OBI when
anti-HBs titers have declined to below 10 to 100 mIU/mL occult persisting HBV DNA in the liver can reappear in plasma and the
blood can become potentially infectious again. The probability that blood from occult HBV carriers is infectious but not detected

by NAT is unknown and not addressed in this article.

when HBV DNA was detectable in the presence of anti-
HBs as the sole detectable serum markey, followed by an
increase in ant-HBs titer and delayed anti-HBc¢ serocon-
version. If, however, no follow-up sample was available or
no increase in anti-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 donor tested positive for
HBsAg and HBV DNA on his 531d whole blood donation
in January 2009. The donor had given a whole blood
donation 6¢ days before the positive index donation (X)
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and this donation had tested negative forall mavkers of TTL
The previous whole bloed donation (X ~ 1) had been pro-
cessed into a red blood cell unit (RBC), a random-donor
platelet (PLT) unit, and a fresh-frozen plasma {FFP) unit.

Once it was confirmed that the X donation was posi-
tive for HBsAg and HBV-DNA, a donor- triggered lookback
investigation was initiated. This investigation established
that the RBC unit and PLT unit of the X-1 donation had
been transfused and that the fresh frozen plasma (FFP)
unit had been forwarded to the South African National
BioProducts Institute (Pinetown SA), a plasma fraction-
ation facility.

To confirm transmission of HBV 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-
transfusion, respectively. The follow-up samples were
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sequenced and genotyped (see below) and tested for and S2R 5-AGTTCCGCAGTATGGATCGGCAGAGGA-3’
HBsAg, anti-HBc (IgM), anti-HBc (total), and anti-HBs (1280-1254 from EcoRI site) for the second round {dena-

titer. Liver function tests—alanine transaminase (ALT), turation 94°C for 60 sec, annealing 68°C for 3 min, exten-
aspartate transaminase (AST), alkaline phosphatase sion 72°C for 3 min, 40 cycles).
(ALP}, gamma-glutamyl transferase (GGT), lactate dehy- The basic core promoter/preccre region was
drogenase (LDH) and total bilirubin—were also per- amplified using a slight modification of a previously
formed on donor and recipient samples. published nested PCR:?* primers BCP1F 5°-GCATGGAGAC
Wiritten informed consent to perform additional labo- CACCGTGAAC-3" (1606-1625 from EcoRI site) and
ratory tests, including tests to characterize the virus, was BCPIR 5-GGAAAGAAGTCCGAGGGCAA-3” (1974-1955
obtained from both the donor and the recipient. Approval from EcoRl site) were used for the first round (denatur-
to molecularly characterize the HBV isolates was obtained ation 94°C for 60 sec, annealing 55°C for 1 min, extension
from the Human Ethics Commmittee of the University of the 72°C for 2 min, 40 cycles) and BCP2F 5'-CATAAGAGGA
Witwatersrand. CTICTTGGACT-3' (1653-1672 from EcoRI site) and BCP2ZR
5-GGCAAAAAACAGAGTAACTC-3' (1959-1940 from EcoRI
Viral load estimation site) for the second round, with the identical cycling con-
The FEP unit from the X — 1 donation was recovered from ditions as the first-round PCR.
the National Blood Fractionation Centre and aliguoted The complete HBV genome was amplified using a

into 3.5 mL samples and frozen at -80°C. Probit analysis single amplification,* with modified primers P15’-CTTTT
can be used to estimate the HBV concentration and the TCACCTCTGCCTAATCA-Y (1820-1841 from EcroRI site)
number of viral particles in the units transfused, which are and P2RM 5-AAAAAGTTGCATGRTGMTGG-3' (1825-1806
below the detection lmit of the Ultrio assay. This was from EcoRI site).
undertaken by testing the donor’s FFP unit in 30 replicate
_tests on_the Ultrio and the new generation Ultrio Plus
assay and comparing the proportions of positive results . . .
with those found on the Eurohep HBV DNA Subgenotype The complete genor.ne ampliconswere gel purlfied ueinga
o . . . 26 gel DNA recovery kit (Zymoclean, Zymo Research, Irvine,
A2 standard dilutions calibrated in copies/mL,* compa- s X .
. R ) CA) and cloned individually into a cDNA vector (pSMART,
rable to the copies/mL quantified by the Versant bDNA 3:0 . . .
. . 16 Lucigen, Middleton, WI) according to the protocol pro-
viral Joad assay (Siemens, Tarrytown, NY).' The Eurchep .
. vided by the manufacturer and the clones sequenced
standard has subsequently been used for preparation of directlv®
batches of the WHO standard and it has been estimated ¥
that one IU of the lyophilized materialin the international
standard is equivalent to approximately 5 HBV DNA Sequencing

copies or virions.2®*” An aliquot of plasma from the FFP The amplicons and clones were prepared for direct
unit was also provided to Gen-Probe for testing 30 sequencing using a cycle sequencing ready reaction
replicates on the Procleix Ultrio Plus assay. Another kit (BigDye Terminator v3.1, Applied Biosystems) and
aliquot was sent to the Paul Ehilich Institute for testing 12 sequenced on a genetic analyzer with 16 capillaries
replicates in the Ultrio ‘and TagScreen assays (Roche (ABI3130xl, Applied Biosystems). In addition to the
Molecular Systems) in ID format. primers used for amplification, vector-specific primers

as well as HBV-specific primers (1859F 5"-CTTCTGACTT
HBV amplification CTTTCCTTC-3° (1959-1977 from FEcoRL sitel; 2837R

For both the donor and the recipient, total DNA was 5'-CCAAGAATATGGTGACC-3" [2837-2821 from EcoRI
extracted from the plasma samples using a DNA mini kit site]; 2454F 5-GTTAGIATTCCTTGGACT-3' [2454-2471
(QlAamp, QIAGEN GmbHE, Hilden, Germany}, according from EcoRl site]; 185R 5-GTCCTAGGAATCCIGATG-3
to the manufacturer’s Instructions. The surface and [185-168 from FcoRI site]; 60F 5'-CTGGTGGCTCC
basic core promoter regions of both the donor and the AGTTC-3" [60-75 from FEcoRI sitel; 734R 5-CTGAAAG
recipient HBV isolates were arpplified directly from CCAAACAGT-3' [734-719 from EcoRI site]; 595F 5'-
DNA extracted from serum. A nested PCR procedure CACCTGTATTCCCATC-3’ [595-610 from EcoRI site]; 1431R
was carried out to amplify the complete S open reading 5’-GACGTAAACAAAGGACG-3' [1431-1415 from FcoR{
frame: primers S1F 5-TCAATCGCCGCGTCGCAGAAGAT site]; 1258F 5'-CTGCCGATCCATACTG-3" [1258-1273 from
CTCAATC-3" (2410-2438 from FcoRl site) and SIR EcoRI site); and 1769R 5-CAATTTATGCCTACAGCCTC-
5’-TCCAGACCXGCTGCGAGCAAAACA-3" (1314-1291 from 3’ [1769-1777 from EcoRI site]) were used for sequencing.
EcoRI site} were used for the first round (denaturation All sequences were analyzed in both the forward and the
94°C for 60 sec, annealing 66°C for 3 min, extension 72°C reverse directions. The accession numbers of HBV isolates
for 3 min, 40 cycles} and S52F 5-AATGTTAGTATTCCTIT sequenced in this study have been deposited in GenBank/
GGACTCATAAGGTGGG-3" (2451-2482 from FEcoRI site} EMBL/DDB]: JN182318-JN182334.
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Phylogenetic analyses

Complete and subgenomic HBV sequences were comn-
pared with corresponding sequences belonging to the
eight genotypes of HBV (A-H} from GenBank. Multiple
sequence alignments and nuclectide divergence calcula-
tions were carried out using Dambe?® The alignments
were edited manually in GeneDoc* and fed into PHYLIP
{(Phylogeny inference package} version 3.69.% DNAML
(maximum likelihood) alone and DNADIST consecutively
with NEIGHBOR {neighbor-joining) were used to generate
dendograms. SEQBOQOT, DNADIST, and NEIGBOR wete
used for bootstrapping of 1000 data sets. CONSENSE was
used to compute a consensus tree. Trees were visualized
using TreeView Win 32 Version 1.6.63

WP transmission risk analysis

We used the recently refined transmission risk model of
Weusten and colleagues'® 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 denors, the
mean preseroconversion 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 Ulirio assay the recently established 95%
and 50% detection limits on the Eurohep genotype A2
standard in a SANBS validation study were used for the
calculations (98.5. and 9.5 copies/mlL, respectively). The
50% minimum infectious dose (IDsg) estimated in the pre—
ID-NAT WP was estimated at 3.7* but in the second HBV
DNA-negative WP the IDs, was estimated to be approxi-
maiely 100-fold higher {(and set at 370 copies) as could be
deduced from infectivity studies in human liver chimera
mice.3®

The formula below describes the WP transmission
risk for HBV in repeat donors:

D . s
ﬂﬂx incidence rate adjustment factor,

tbelween tatal

risk =

where the total number of risk-day equivalents in the
acute phase is the swn of that in the first and second WE
tremween 1S the rmean preseroconversion interdonation inter-
val in repeat donors with interdonation Intervals less than
12 months, Degn is the number of seroconverting repeat
donors, and Dyyq is the total amount of repeat donations.
Because of the transient detectability of HBsAg and HBV
DMA in the acute phase, the observed incidence rate is
an underestimation since seroconversion to anti-HBec
and anti-HBs, without detectable HBsAg and HBV DNA,
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remains unrecognized. Korelitz and colleagues¥ est-
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 HBV DNA~
reactive donations in repeat donors and the additional
number of acute NAT-yield infections in this study. The
NAT detection period can then be estimated by dividing
the total number of viremic acute infections by the
number of acute HBsAg-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 preseroconversion interdo-
nation interval by the estimated HBV DNA detection
period. To estimate the risk of HBV infection in first-time,
lapsed, and al! donations, the acute-phase NAT-yield rate
in repeat donors was compared with those in first-time,
lapsed, and all donors. The HBV transmission risk in first-
time, lapsed, and all donors was then determined by
muliiplying the residual risk in repeat donors with the
NAT-yield rate ratios in the respective donation categories,

RESULTS

Classification of acute HBV infections

To estimate the risk of HBV transmission by WP donations,
it is important to classify the HBV NAT-vield donations as
acute or chronic infections. Table 1 shows the number of
acute and chronic HBV infections in first-time, lapsed,
and repeat donations as detected by HBV DNA and HBsAg
screening during 4 years of ID-NAT screening. Over 4
years, 170 repeat donors serocenverted to both HBsAgand
HBV DNA, while another 84 seroconverted to HBV DNA
without detectable HBsAg. The mean preseroconversion
interdonation 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 donors, 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 HBsAg, HBV
DNA, and/or anti-HBc in a follow-up sample, whereas in
35 (31%) no follow-up sample was available. These latter
seronegative donations were classified as being in the WP
because the TagMan viral load assay was positive and/or
HEBV DNA was reactive in muitiple replicate Ultrio and
dHBV assays on aliquots taken from the frozen plasma
unit. Six infections were classified as probable primary
OBIs because HBV DNA was reactive in at least two
follow-up samples several weeks apart without serocon-
version to HBsAg, followed by seroconversion to anti-HBc
and anti-HBs in a later sample. Thirteen infections were
classified as possible abortive or vaccine breakthrough
infections because of presence of HBV DNA in anti-HBs—
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TABLE 1. Acute and chronic HBV infection rates as detected by
HBV-DNA and HBsAg screening

signs and sympfoms of acute hepa-
titis B, B4 days after transfusion, with

HBV infection classification

Number HBV infections in donations

markedly abnormal liver function test

results: ALT 866 IU/L (normal range <50

and 35 were in the IgM anti-HBe+ early recovery phasa.

these as acule phase NAT yields.

* Of 149 acute-phase NAT yields, 95 donors were in the pre-anti-HBc WP, six were
likely to be primary occult infections, 13 were possible vaccine breakthrough infections,

+ Ot 177 donars with cluonic OB, 75 wera potantially infactious (anti-HBc+, anti-HBs-)
and 102 were not infectious (anti-HBc+, anti-HBs+). Another five donors could have
been classified as OB| with anti-HBs as the sole marker, but wa chose to classify

First time Lapsed Repeat All 2

Number donations 315,488 302,970 2,303,103 2,921,561 IU/L), AST 470 1U/L (normal range <38
HBSAQ'!’, DMNAG 2,302 113 170 2585 fUIL], A1P 254 l.l.mOl{L (normal ra.nge
(rate) (1:137) (1:2,681) (1:13,548) (1:1,130) 40-130 pmol/L), GGT 222 TU/L (normal
Actite NAT yield 46 19 84 149

(rate) (1:6,858) (1:15,946) (1:27.418) (1:19,608) range <60 IU/1), LDH 322 IU/L (.n.o rmfal
Chronic OBl NAT yield 89 27 61 177t range 100-250 IU/L), and total bilirubin
{rate) {1:3,545) (i:11,229) (1:34,375) (1:16,508) of 60 pmol/L (normal range 5-21 pmol/
HBsAg+/DNA~ 86 1] 1] B6

(rate) (1:3.668) (1:38.972) L. Afurth- er sample taken 110 day§ a.fter
Unclassitied 3 1 5 10 transfusion showed that the recipient
All HBV infections 2,523 159 315 3,007 was positive for HBV DNA, HBsAg, and
(rate) (1:125) (1:1,905) (1:7311) {1:972) IgM anti-HBc. Six months after transfu-

sion the recipient was clinically asymp-
tomatic but did not avail himself for
repeat serolegic and liver function
- testing. The PLT unit was issued to a
patient with an unreported diagnosis,

positive (or negative) donations, followed by a significant
increase in anti-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 vaccine breakthrough infec-
tions no follow-up sample was available. Thearetically,
these donations could also be classified as oceult carriers
with anti-HBs as the sole detectable serum marker, but 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
vield would negligibly affect the incidence rate of 254 in
2.3 million repeat donations.

Another group of acute NAT yields, most of them with
very low viral loads (below the detection limit of the viral
ioad assay), were the [gM anti-HBc-positive donations in
the early recavery phase. In 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 IgM
anti-HBe¢-reactive early recovery phase donations {30%)
were anti-HBs negative (<10 mIU/mL) and potentially
infectious. A total of 177 (54%) of the TIBV NAT yields were
OBIs, of which 75 (42%) had no detectable anti-HBs and
could potentially be infectious.

HBV transmission case

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

who, despite concerted efforts, remains
untraceable. ’

The donor remained -clinically
asymptomatic throughout the follow-up period and upon
questioning did not reveal any risk behavior for HBV. He
was retested at 2 and 5 months after the X (positive) dona-
tion (Table 2}. Two months after the X donation, altheugh
he was HBsAg negative, HBV DNA was still detectable by
ID-NAT. This sample was anti-HBc [gM positive and
anti-HBs negative. Five months after the X donation, the
donor was anti-HBc and anti-HBs positive and HBV DNA
negative,

Viral foad estimation

Table 3 shows the proportion of reactive results in repli-
cate Ultrio, Ulirio Plus, and TaqScreen assays in the HBV
transmission sample as found by three laboratories, Three
of 30 (10%) replicate Ultrio and 10 of 30 (33%) replicate
Ulirio Plus assays performed on the recovered FFP unit
tested positive for HBV 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 Ultrio assay. Using probit analysis, the 95 and 50%
detection limit on the Eurchep standards were 98.5 (59-
189) and 9.5 (6.5-13.9) copies/mL for the Ultrio and 46.9
(28.4-89) 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 HBV 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 Ultrio and Ulirio Plus, respec-
tively. From this estimation of the low viral load the RBC
unit would have contained 32 (22-43) HBV virions in
20 mL of plasma. According to the infectivity risk formula

Volume 52, April 2012 TRANSFUSION 885



VERMEULEN ET AL.

TABLE 2. HBV markers in samples from both donor and recipient post transfusion

Donor {47-year-old regular blood donor)

Marker Index donation {X + 2 months) {X + 5 months) Recipient {110 days after transfusion)
HBsAg (S/CO ratio) Positive (352) Negative (0.27) Megative Positive (743.45)

HBV DNA, (S/CO ratio) Positive” Positivet MNegative Positive (14.3)

dHBV (S/CO ratio) Positive (23.1) Negative Positive (25.2)

Anti-HBc (IgM) Positive Negative Positive

Anti-HBc (total) Positive Positive Positive

Antl-HBs Negative Positive (310 U/L) Negative

* Positive on three replicates (S/CQ ratios of 15.3, 15,6, and 14.9).

S/CO = signal to cutoff,

1 Positive on two replicates (S/CO ratios of 13.3 and 12.8) and negative on one replicate (S/CC ratio 0.12).

different lahoratories*

TABLE 3. Proportion of reactive test results on WP sampie in

The consensus sequence of the
donor HBV clones was identical to that

of the recipient HBV clones but differed

Laboratnr.y ‘ cobas TagScreen MPX test Ultrio assay  Ultrio Plus assay at 28 nucleotide positions from the con-
Paul Ehrlich Institute 212 {(17) 2HM2 (17)

SANBS 3/30 (10)} 10/30 (33) sensus generated from 33 Subgenotype
Gen-Probe 7/30 (234 Al sequences. Fifteen of these muta-

* Data are reported as number (%) reactive.

1 Estimated concentration in probit analysis against the Eurohep Genotyps A2 standard
was 1.5 (1.2-1.8) and 1.5 {1.1-2.1) copiesfimL in Ulrio and Uttdo Plus, respectively.

tions were synonymous and 13 were
nonsynonymous (Fig. 3).

of Weusten and colleagues,'® the transmission risk of the
amount of HBV virions in the RBC unit would have been
99.7% (98.4%-100%).

Sequence analysis of HBV in donor and recipient

The complete genome of HBV isclated from both the
recipient and the donor was amplified and cloned. The fudll
3221 nucleotides of the HBV genome were successfully
sequenced from five clones from the donor and three
clones 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-
otides were lost from the 5" and 3’ ends during the cloning
process. These sequences were compared phylogeneti-
cally to reference sequences from public databases.
Neighbor joining trees for both the complete HIBV genome
(Fig. 2) and a 314l-nucleotide subgenomic fragment
(Nucleotides 1855-1775; Fig. 2 inset) show the isolates
from both the denor and the recipient cluster together
and belong to Subgenotype Al.

The intragroup divergence of the recipient and donor
clones did not differ significantly from each other or from
the donor-recipient clone intergroup divergence. On the
other hand, the mean intragroup nucleotide divergence
for the donor-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 + SD), African {2.33% % 0.006,
mean = SD), and global (2.81% =+ 0.85, mean %= SD) Sub-
genotype Al sequences, respectively (p < 0.05).
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HBV WP transmission risk

ID-NAT screening interdicted an additional 84 0f 254 (33%)
acute viremicinfectionsin repeat donors. From the relative
proportions of detection of HBsAg and HBV DNA it was
estimated that the mean HBsAg detection period of 63
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" in
HBsAg PRISM and a IDs; of 3.7 copies' 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
agsay in ID-NAT format, when modeled on the detection
limits found on the Eurchep standard. The WP reduction
times by introduction of ID-NAT are then calculated to be
17.1 days for Ultrio 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 HBsAg and
HBV DNA clearing phase it can be estimated that with a
half-life of 1.6 days* and a 100-fold reduced infectivity of
HBVbecause ofimmune neutralization,*® still 1.29 and 0.74
risk-day equivalents remain in the second WP for Ultrio or
Ultrio Plus, respectively (Fig. 1). If the 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 0f 9.9 days. This means that Ultrio has
shortened the second post-HBsAg WP by 8.6 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 period as
follows: In 14 repeat donors HBV DNA was détectable
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Fig. 2. Phylogenetic relationship of eight HBV clones, shown in bold (five fromn the donor and three from the recipient) to full-
length sequences of other HRV isolates obtained from GenBank, established using neighbor-joining methods. Bootstrap statistical
analysis was performed using 1000 data sets with the numbers on the nodes indicating the percentage of occurrences. Clones are
designated DC (donor clone) or RC {recipient clone) followed by their GenBank accession number. Other sequences are designated
by their GenBank accession number followed by the country of origin. (Inset) Phylogenetic relationship of a 3141-nucleotide sub-
genomic fragment (minus nucleotides 1775-1855) from an additional nine shorter than full-length HBV clones (four from the
donor and five from the recipient) relative to the full-length clones (*), established using neighbor-joining methods.
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Fig. 3. Comparison of the genomic organization of the donor-recipient consensus sequence and Subgenotype Al consensus
sequence showing the differences found in each of the four apen reading frames. Both the synonymous and the nonsynonymous
(indicated by bold type) mutations are shown, with the corresponding amino acid changes for the nonsynonymous mutations
included. The start and end sites of the four open reading frames are indicated: preC = precore; C = core; P = polymerase gene;

§ = surface gene; X =X gene. The first T of the EcoRI cleavage site (5'-GAATTC-3') is Position 1.

longer than HBsAg in the IgM anti-HBc-positive early '

recovery phase. Since we found 70% of IgM anti-HBc-
positive donors to be anti-HBs positive (>10 mIU/mL)},
30% of the 14 repeat donors (equivalent to 4.2 cases) could
be potentially infectious. Hence the proportion of HBsAp-
negative donots in the anti-HBs-negative, but HBV DNA—
and IgM anti-HBc—positive detection phase, can be esti-
mated tobe4.2in 254 (1.6%). Since the HBV DNA detection
period by Ultric in ID-NAT was estimated at 95.4 days the
length of the HBVDNA-positive but HBsAg- and anti-HBs-
negative second WP would be 0.016 x 85.4 days or 1.5 risk-
day equivalents. This is less than the 8.6 risk-day
equivalents determined by the reversed modeling accord-
ing to Weusten and coworkers,'® indicating that worst-case
risk estimates for the second WP were calculated in this
report.

Since the mean preseroconversion interval in repeat
donors was 127 days and the length of the HBV DNA
detection period was estimated at 94.5 days, one-third of
the acute HBV infections would remain unrecognized.
Therefore, the incidence rate in our study needs to be
multiplied with an adjustment factor of 127 per 94.5 or
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1.34. Using the refined risk analysis' for Ultrio in ID-NAT
based on 15.3 and 1.3 risk-day equivalents for the first and
second WP (total 16.6 risk-day equivalents) a residual HBV
transmission risk of 17.9 per million donations in the first
WP and 1.5 per million in the second WP was calculated
(for a total residual risk of 19.4 HBV transmissions per
million repeat donations). Since the HBV WP NAT-yield
rate (Table 1) was found to be 4.00-, 1.72-, and 1.40-fold
higher in first-time, lapsed, and all donations, respec-
tively, we estimated the residual risk in these donations to
be accordingly higher than in repeat donations, that is,
77.6, 334, and 27.1 per million, respectively. In other
words, the residual HEV transmission risk from acute HBV
infections was estimated at 1:12,880, 1:29,566, 1:46,164,
and 1:36,800 donations in first-time, lapsed, repeat, or all
donors, respectively. Note that these risk estimates do not
take into account the unknown risk caused by ID-NAT-
negative donors with OBI (see Fig. 1). During 4 years of
observation the SANBS lookback program has revealed
one clinical posttransfusion hepatitis B event in 2.8
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 be
obtained by genomic analysis of both the donor and the
recipient viral strains* In this cage, the clones of the HBV
strains derived from the donor and the recipient were
99.7% homologous but had a number of nuclectide posi-
tions, which distinguished this strain from the consensus
sequence of Subgenotype Al, the predominant subgeno-
type circulating in South Africa® (Fig. 3). Of the mutations
depicted in Fig. 3, as far a5 we can ascertain, only the
synonymeus C1224A mutation in the polymerase open
reading frame could possibly have any functional 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 homology of the con-
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.
Furthermore, these strains form a unique branch within
the Subgenotype Al clade with 100% beotstrap support
(Fig. 2).

The viral load in the pre-ID-NAT 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 Ultrio assays.
This translates to approximately 32 (22-43) HBV virions in
the estimated volume of 20 mL of plasma in the trans-
fused RBC unit. The viral load in the WP donation was also
below the detection limit of the more sensitive Ultrio Flus
and TagScreen assays, which detected the sample 33 and
17% of the time in replicate assays, respectively.

The possibility that a unit of blood will transmit virus
to a blood recipient is determined by the infectious WP,
For HBsAg, using the Abbott PRISM ChLIA system, the
infectious WP has been estimated to be 35.5 days if one
viral particle or DNA copy 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 be 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 blood transfusion is
enough to be infectious. The variation in the estimated
lengths of the WPs in these reports is mainly caused by
variation in the 95% and 50% detection limits observed in
the analytical sensitivity studies. In this study the infec-
tious WPs with Uliric 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 IDg into the equation, Using a IDy, of
approximately four HBV DNA copies (as found after reca-
libration of the viral load in a chimpanzee challenge
plasma with a known infectivity titer’® in multiple bBDNA
assays'), we estimated an infectious WP of 15.3 risk-day
equivalents with the Ultrio assay and an additional 1.3
risk-day equivalents in the second anti-HBe—positive
WP Compared to the calculated infectious WP for HIV
by ID-NAT (2.9 days) and the calculated infections WP
for HCV by ID-NAT (1.3 days),’ it is evident that there is
statistically a greater probability that a bloed donation will
be in an HBV infectious WP relative to those of HIV and
HCV. :

During the first 4 years of ID-NAT testing, SANBS
detected 2523 HBV confirmed positive denations in
315,488 first-time donations, a prevalence of 0.80%. In the
same period the incidence rate of acute HBV infections
was 254 in 2,303,103 repeat donations (1:9067). In all
2,921,581 donations 3007 HBV infections were confirmed,
yielding an infection rate of 0.10%. Of these confirmed
positive HBV infections, 336 donations were detected by
ID-NAT only and, of these, 149 were in the HBsAg-
negative WE, 177 were OBIs, and 10 were unable to be
classified. Therefore, for 149 WP donations interdicted by
ID-NAT (rate, 1:19,600), only one donation was found to
be in the pre-ID-NAT WP and caused infection in the
recipient (1:2,900,000}. We estimated the residual risk of a
donation being in the first or second infectious WPs for
HBV in South Africa to be 27.1 per million donations
(1:36,800). This translates to 79.2 HBV transmission events
in the 4-year 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 observed 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 already 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 ID-NAT
screening can be easily neutralized by anti-HBs present in
simultaneocusly administered blood products; 4) the infec-
tious dose of HBV in ID-NAT-nonreactive WP donations
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 underdiagnosed 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
HBYV 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 donors with chronic OBL®# So far, two lookback
studies have been reported that indicate that the risk of
HBV transmission by low viral load occult HBY carriers is
3% or less.** The HBV transmission case in this report is
consistent with the premise that transfusion-transmitted
HBV is greater than 10-fold more likely to occur when the
donor is in a recent postexposure infectious WP compared
to the presence of low-level viremia in OBL?® The risk of
HBV transmission by ID-NAT-screened blood donations
from donors with OBI is considered to be very low, but
further systematic lookback studies are required to
confirm 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 also individual strain
dependent.’” In particular, a variation in relative sensitivi-
ties of HBV DINA detection on the Tigris system compared
to the Roche 5201 {(Roche Molecular Systems) has been
.observed with Genotype A seroconversion panels.’” This
variation in sensitivity may have further contributed to
the lack of detection of H{BV DNA an the initial [D-NAT
screening of the blood donation in this HBV transmission
case. However, the comparison of the proportions of reac-
tive results in the WP transmission sample did not dem-
onstrate a large difference in sensitivity between the
Ultrio, Ulirio Plus, and TaqScreen assays. The HBV trans-
mission sample was not detectable 30% of the time in
replicate Ultrio assays, but would also not be detectable
67% to 83% of the time by the Ultrio Plus and TaqScreen
assays in ID-NAT configuration. Clearly, ID-NAT is not
sensitive enough to prevent HBV transmission by dona-
tiens in the early window phase. Further studies are
required to determine whether ID-NAT is sensitive
enough to prevent HBV transmission by donors with OBIL.
In the South African high-prevalence setting of hepatitis B
a lookback program in recipients of donors, later identi-
fied as occult carriers, can only provide meaningful results
if a control group of recipients that received blood from
anti-HBc-negative donors is also subjected to the same
lookback procedures and the proportion of anti-HBc—
positive recipients in each group is compared to deter-
mine significant difference between the two groups. So far
such a comparison study of prevalence of HBV markers, in
particular anti-HBe, in recipients of blood from occult
HBV carriers and a noninfected control group has not
been undertaken.

' This communication reports the first known case of
transmmission of HBV by blood that had been screened by
ID-NAT and confirms that blood donations that test nega-
tive for HBV DNA may transmit the virus when the dona-
tion is in the infectious WE. Transmission was confirmed
by the 99.7% sequence homology between the complete
genome sequences of both the donor and the recipient
viral strains. Our study has demonstrated that the intro-
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duction of ID-NAT has significantly enhanced the safety of
the blood supply in South Africa, but does not completely
eliminate the transmission risk.
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Background & Aims;Hepatitis B virus (HBV) infection was
hyperendemic in Taiwan before the implementation of the uni-
versal infant hepatitis B immunization program; which was
launched in 1984. Five previous seroepidemiologic surveys were
conducted at 0, 5, 10, 15, and 20 years after the launch of the vac-
cination 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
Taipei, as in previous surveys. HBV seromarl¢ers included hepati-
tis B surface antigen (HBsAg) and antibodies to HBsAg (anti-HBs)
and hepatitis B core antigen (anti-HBc). HBV DNA levels were
measured in anti-HBc positive/HBsAg negative subjects (anti-
HBc only).

Results: The HBsAg, anti-HBs, and anti-HBc seropositive rates
wete very different between subjects born, after the pragram in
2009 and the baseline group in 1984 (0.9% vs. 10%, 55.9% vs.
24.5%, and 7.0% vs. 28%, respectively). In this 6th survey, we
showed that HBsAg prevalence further decreased in the vacci-
nated cohorts. A positive maternal HBsAg status was found in
86% of vaccine failures. Serurn HBV DNA was detected in 4.2%
(6/142) of anti-HBc positive/HBsAg negative subjects, with a
low level of HBV DNA. All of these six subjects’ HBV were geno-~
type C.

Conclusions: The universal infant HBY immunization program in
Taiwan has completed its 25-year follow-up and its efficacy in
young adults is clear. The continued decrease in HBsAg preva-
lence suggests that the elimination of HBV infection is becoming
a reality.

@ 2012 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Keywords: Hepatitis B; Vaccination; Genotype; Occult infection.

Received 21 Morch 2012; received in revised form 21 May 2012; accepred 24 May
2012

= Corresponding amhor. Address: Department of Pediatries, National Taiwan
University Children's Hospital, 8, Chung-5han South Road, Talpe: Taiwan. Tel.:
+8B6 2 23123456x71516; fax; +B86 2 23114592,

E-mail address: yhni@ntu.edu.tw (¥.-H. Ni).

Abbreviations: HBV, hepatitis B virus: HBsAg, hepatitis B surface antigen; anti-
HBs, antibodies to HBsAg: anti-HBc, antibodies to hepatitis B core antigen; HBeAg,
hepatitis B e antigen; HCC, hepatocellular carcinoma,

Introduction

‘The world's first nationwide hepatitis B virus {HBV) universal vac-
cination program for infants was launched in Taiwan in July 1984
{1]. All infants were mandated to receive scheduled HBV vaccina-
tions. Inaddition, infants born to hiepatitis B e antigen (HBeAg) posi-
tive mothers received hepatitis B immunoglobulin (HBIG) 24 h after
birth [2]. Through fanuary 2010, the coverage rate for infants who
completed the 3-dose HBV vaccination program was estimated to
be 96.5% (hitp:/fwww.cdc.gov.tw/public/Data/09714425771.pdD.

We have serally performed five seromarker surveys in the
young people covered by the universal infant HBV vaccination pro-
gramin Taipei City. The first survey was a baseline study conducted
just before the launch of the universal program in 1984 |3], and the
ensuing seroepidemiologic surveys were done every 5 years in
1989, 1994, 1999, and 2004 {4-7]. In children <15 years of age,
the seroprevalence of hepatitis B surface antigen (HBsAg) declined
from 10% [3] (pre-vaccination era) to 0.6% after 20 years of univer-
sal vaccination[7]. Consistent with the decrease in chronic HBV
infection, the incidence of HBV-related pediatric hepatocellular
carcinoma (HCC) in Taiwan also decreased {8). From 1981 to
1994, the incidence of pediatric HCC declined from 0.52 to 0.13
per 100,000 person-years. In 2004, the incidence of HCC in the 6-
9, 10-14, and 15-19 age groups decreased to 0.15, 0.19, and 0.16,
respectively [9,10])

The 25-year universal infant HBV vaccination program has pro-
vided long-term protection {>20 years), and subjects who received
a primary vaccination did not require a universal booster [11].
Though largely diminished, mother-to-infant transmission was
not completely blocked by immunoprophylaxis [7]. The emerging
escape mutants caused some concerns, but they did not increase
the risk of chronic infection [12]. Occult HBV infection had
recently attracted some attention. Even if subjects are HBsAg neg-
ative, they may harbor HBV 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 or immunosuppressive therapy [14,15].

This study will continue te monitor the HBV seroprevalence in
children and adults in the same area that has been surveyed for
the last 25 years. We aimed at eradicating HBV infection by tar-
geting all possible sources of infections, including mother-to-
infant transmission and occult HBV infection.
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Patients and methods

Vaccination program

The HBV universal infant vaccination program was launched in Taiwan on July 1,
1984 [1]. Before July 1992, four doses of plasma-derived vaccine (Hevac B; Pas-
teur-Mérieux, Lyon, France, or its equivalent derivative, Lifeguard hepatitis B vac-
cine; Hsin-Chu, Taiwan) were given to infants at 0, 1, 2, and 12 months of age.
After July 1992, three doses of the recombinant vaccine H-B-Vax IT (5 pgf
0.5 ml; Merck Sharp & Dohme, Rahway, NJ, USA) or Engerix-B (20 pgfl ml;
SmithKline Beecham, Rixensart, Belgium) were administered at <1 wezk,
1 month, and 6 months of age.

in adaition, all pregnant women were screened for HBsag, 1f HBsAg was posi-
tive, hepatitis B e antigen (HBeAg) would be checked, HBIG 0.5 ml (100 [U) was
given within 24 h after birth to newborns of HBeAg positive carrier mothers.
Details of the vacdnation pregram have been previously described [2,16],

Study populotion

From January to December 2008, serum samples were collected from 3332 appar-
ently healthy individuals (M:F =~ 1696:1636) younger than 30 years of age. All the
subjects were recruited from schools, institutes, or workplaces in Taipei City, the
same area in which the baseline and follow-up seroepidemiologic studies were
conducted. The study protocol was approved by the National Taiwan University
Hospitai's Institutional Review Board.

The 3332 subjects consisted of 290 children <3 years of age enrolted from the
well-baby dinic and nursery room of the Department of Pediatrics, Mational Tai-
wan University Hospital, and one day-care tenter; 453 children aged 3-6 years
from four kindergartens; 715 children aged 6-13 years from two elementary
schools; 595 adolescents aged 13-18 years from two middle schools and one high
school; 406 college students aged 18-22 years from two universities; and sub-
jects aged between 22 and 29 years including 455 graduate students from the
graduate schaols of our university and 378 new employces of two general hospi-
tals and two local commercial companies.

All the subjects were voluntarily recruited through poster advertisements, or
health staff invitations, Either the subjects themselves or their parents signed an
informed consent and provided the vaccination history, which was recorded in a
health booldet distributed to each newborn by the Department of Health (DOH), if
available. Because the HBV vaccination program did not include all newborns
until 1986, only the vaccination histories of those below 23 years of age (born

sfter 1986) were included jn the inquiries. Once an HBsAg positive_carrier was

detected, we not only checked their vaccination histories and family histories
provided by the subjects themselves, but also verified their vaccination histories
using the HBV vaccination database of the Department of Health and confirmed
the family history by taking blood samples, if possible.

HBV serology

The presence of serum HBsAg, its antibody (anti-HBs), and hepatitis B core anti-
body (anti-HBc) was tested in all the subjects (Abbott Laboratories, North Chi-
cago, IL, USA), Anti-HBs is considered positive if the titer {s » 10 m1Ufml The
maternal HBsAg status was also investigated, if indicated,

HBY DNA detectionfquantification

To elucidate any occult HBV infection, we assayed HBV DNA levels of anti-HBc
positive and HBsAg negative subjects, irrespective of the presence of anti-HBs.
HBV DA viral load measuvrements were performed as described previously
[17]. Briefly, HBV DNA was extracted from 50 [t of serum and subjected to poly-
merase chajn reaction (PCR), Real-time PCR measurement was performed using
the LightCycler analysis software, version 3.5 (Roche Diagnostics Applied Seience,
Mannheim, Germany). HBV genotypes were analyzed by PCR using type-specific
primers, as described previously [18],

Staristics

Differences in frequency between groups were examined using the Chi-sguare
test with Yates' correction or the Fisher's exact test, where appropriate. A p value
of <0.05 was deemed to indicate statistical significance. A trend test was used to
evaluate the cohort study,

Results

The universal vaccination program significantly decreased HEV
prevalence

HBsAg prevalence in this and five previous seroepidemiclogic
sutveys showed a clear effect: subjects who were born after the
implementation of the universal HBV vaccination program had
a low seropositive rate compared to those born before the imple-
mentation (Fig. 1). The prevalence of HBsAg and anti-HBc in chil-
dren <15 years of age was 0.5% (9/1651) and 2.9% (45/1550),
respectively. The prevalence rate of HBsAg in the population
<25 years of age, born in or after the year of the launch of the
program, was 0.9% (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 anti-HBc seropositive rates were
0.9%, 55.9%, and 7.0%, respectively, in subjects born after the vac-
cination program (<25 years old} in 2009.

No increase in HBsAg prevalence with age by birth cohorts

Table 2 lists the HBsAg seropositive rates of each birth cohort
born after the ugiversal vaccination program, at different ages,
in the five seroepidemiologic surveys conducted in 1989, 1994,
1999, 2004, and in the present study (2009) [3-7]. We did not
include the echort of those born from 1984 to 1986 when only
necnates born to HBsAg-carrier mothers received HBV immuno-
prophylaxis, In the cohort born during the period 1987-1988, a
trend towards a decrease of HBsAg positivity was observed
22 years after the primary vaccination. A similar trend was
observed in all birth cohorts across all the surveys (Table 2).
Though the HBsAg seropositivity did not increase in these birth
cohorts, the anti-HBc¢ seropositivity, which is a surrogate marler
of - natural -infection.- increased—gradually -in-the -longitudinal
follow-up (Table 3).

o
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Fig. 1. Age-specific hepatitis B surface antigen seropositive rates in 1984, 1989,
1994, 1999, 2004, and 2009 in Taipei, Taiwan. In 1984, nane of the subjects were
vnder universal vaccination coverage, In 1989, only children <5 years of age were
covered, Subseguently, children less than 10, 15, 20, and 25 years of age were
cavered by the universal vaccination in 1994, 1958, 2004, and 2009 respectively,
Those who were born before the implementation of this program had a higher
HBsAg carrier rate than those born after the implementation,
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Table 1. HBV seroprevalence 25 years after implementation of the nniversal vaccination in Taipei, Taiwan: HEsAg positive and anti-HBc positive rates (%).

Age No. persons  HBsAg™ Anti-HB¢ alone Anti-HBc + Anti-HBs alone Negativity
) (85% CI) {95% CI) anti-HBs (95% GI) {95% CI*
(95% CI)
<1 101 20 69 70.2 218 1.0
(1.7-2.3) 6.4-7.3) {69.4-71.2) (21.0-22.6) {0.8-1.2)
1-2 188 0 0 26 89.4 7.9
(2.5-2.8) (89.1-80.7) (7.6-8.2)
T 34 253 0 0 1.2 77.5 213
(1.1-1.3) (77.2-77.8) (21.0-21.6)
56 200 15 0 15 435 545
(1.4-1.6) {1.4-1.6) (43.0-44.0) {54.0-55.0)
- 78 208 0.5 10, 15 55.8 41.3
(0:4-0.8) (0.9-1.1) (1.3-1.6) (55.3-56.3) (40.8-41.7)
8-10 191 0 0 2.1 39.2 58.6
(1.8-2.2) (38.8-39.8) {58.1-59.1)
11-12 318 03 25 1.9 233 723
(0.3-0.4) (2.4-2.6) (1.8-2.0) (23.0-23.5) © o {72.1-T2.6)
13-14 193 " 10 0.5 2.6 19.2 75,1
{0.9-1.1) (0.4-0.6) (2.4-2.7) {18.8-19.6) (74.7-75.6)
15-17 402 0.3 ., 17 2.5 299, 857
{0.2-0.3) (1.7-1.8) {2.4-2.6) {29.6-30.1) (65.4-65.9)
1819 221 14 14 2.3 439 51.1
(1.3-1.5) (1.3-1.5) (2.1-2.4) (43.5-44.3) {50.7-51.6)
20-21 185 18, . . [V 22 514 . 449
{1.5:.8) o (2.0-2.3) * (50.8-51.9) (44.3-45.4)
22:23 297 2.0 1.7 4.4 4.6 27.3
{1.9-2.1) {1.6-1.8) (4.2-4.5) (64.3-65.0) (27.0-27.6)
24 101 30.. ' 0 - 109 68.3 S 78
. {(27-33) _ {10.3-11.5) {67.4-69.2) (17.1-18.6)
Total 2857 09 1.1 5.0 50.9 459
. (038-0.9) {1.1-1.1) (5.0-5.0) {50.9-50.9) {45.8-45.9)
25 87 62 . 0 103 62.9 196
(5767 (8.7-10.9) (61.9-63.9) (18.8-20.4)
26-27 189 6.0 0 8.5 70.4 14,8
(5.8-6.3) (9.3-9.8) (69.9-70.8) (14.2-14.9)
2829 179 106 = . 45 168 50.2, _ 479, ..
e J(103-44.0) . . (4247) . {16.4-1.2) - . {48.7-50.8) {17.5-18.3) |

“All HBsAg positive subjects were anti-HBc positive.

#Negativity represents those subjects who were negative for afl three HBY seromarkers, i.e. HBsAg, anti-HBc, and anti-HBs.

1, confidence interval,

Sources of HBV infection in vaccine failures

‘We detected 25 HBsAg carriers born after the implementation of
the universal infant vaccination program. All were confirmed to
have received at least three doses of hepatitis B vaccine based
on the subjects’ own records and the DOH database, 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
two subjects could not be traced. Among the remaining 22 sub-
jects, 17 had a HBsAg carrier mother (but not father), both parents
of two of them were HBsAg positive, and two had a HBsAg carrjer
father. Only one subject had no family history of HBV infection,
however, he did have a history of blood transfusion during early
childhood, In other words, 86.4% (19/22) of the vaccination fail-
ures were likely related to the maternal HBsAg carrier status.

Detection of occuit HBV infection

Among the subjects born after the launch of the universal vacci-
nation program (n = 2954), 71 were anti-HBc positive and HBsAg

negative, Twenty-one of these 71 subjects were anti-HBc¢ positive
and two of the 21 had detectable HBV DNA (4.7 x 10, and
2.7 % 10° copiesfml), while one of the remaining 50 subjects
positive for both anti-HBc and anti-HBs was HBV DNA positive
(2.0 % 10* copies/ml). All three were genotype C and born to
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 HBV
DNA (mixed genotypes B and C, 3.8 x 102 copies/ml}). Two of
the remaining 62 subjects who were both anti-HBc and anti-
HBs positive had detectable HBV DNA (1.3 x10° and
1.6 x 10° copies/ml, respectively} (Table 4). Again, both were
genotype C. The family histories of these three cases were not
solicited.

QOccult HBV infection was significantly more prevalent in sub-
jects born before the implementation of the universal infant vac-
cination program than in those born after (3/378 vs. 3/2954,
p =0.003, Fisher's exact test). The frequency of occult infection
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Table 2. HBsAg seropositive rates in birth cohorts homn after the vaccination program in five consecutive surveys conducted in 1988, 1994, 1999, 2004, and 2009,

Birth year 1989 1994 1999 2004 2008 P value*
N(%) OR N(%) OR N(%) OR N(%) OR N(%) OR
(95% CI) (95% CIy (95% GI) (95% C) (85% C1)
1987-1988 3205 1 371 055 0206 0 71/4088 1.19 5262 1.31 0.07
{1.46) ©81) (0.09-3.43) (0) (0-1.54)  (1.74) (0.39-3.60) (1.91) (0.34-5.02)
1089-1093 - . 20574 1 70455 428 51/6208 2.33 6/595  2.91 0.18
_ (0.35) (1.54) (0.81-29.9) (0.81) (0.62:9.53) (1.01) (0.67-14.28)
1994-1998 - - - - 10241 1 ' 81790 1.08 3606 1.13 1.00
(0.41) (0.45)  (0.17-B.57) (0.50) (0.16-10.82)
1999-2003 - - - - - - 71479 9 2479 088 1.00
(0.47) (042) (0-8.75)
2004-2008 - - - - - - M0 1 2/560  0.39 0.42
; {0.91) {0.35)  (0.05-4.29)
2009 - - - - oo - - - 21101 - .
{1.98)

* Trend test.
OR, 0dds’ ratio; C1, confidence interval,

Table 3. Anti-HB¢ seropositive rates in birth cohorts born after the vaccination program in four consecutive surveys conducted in 1994, 1399, 2004, and 2009,

Birth year 1994 19989 2004 2009 p value*
N (%) OR N (%) OR N (%) OR N (%) OR
{95% ClI) (95% CI) {95% CI) {95% CI)
19871988 - 9/342 - "4 U TU3/301 U037 1884088 178, < - 15262 225 0 T 00027 -
T (263) iy - (0.08-1.51)  {4.80) (0.92-3.47) (5.73) "(0.99-5.11) o
1989-1993  11/604 1 221464 270 149/6208  1.31 30/595 2.86 <0.001
_ {1.82) @.77) {1.246.00) (2.37) (0.71-240)  (5.04) (1.44-5.59)
1994-1998 - - 61181 1 2311730 034 251639 108 <0.001
(3.73) {1.28) (0.14-0.87) (3.91) (0.44-2.54)
1999-2003 - - - - 17/1478 1 111479 2.02 0.07
(1.15) : (2.30) (0.96-4.27)
2004-2008 - - - - - - 12/564 - -
{2.13)

“To avoid the interference by maternal-transferred anti-HBc effect, we excluded data obtained in the first year of life. A trend test was used,

OR, Odds' ratio; €, confidence interval.

in the anti-HBc-alone and anti-HBc plus anti-HBs groups, irre-
spective of the year of birth, was 10% (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
a more complete protection and a lower risk of HBV carrier status
than anti-HBc alone.

Discussion

In this 2009 survey, the seropositivity 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-HBs, and anti-HBc positive rates were 10%, 24.5%, and 28%,
respectively [3]). Therefore, the younger generations in Taiwan
now enjoy a low HBV prevalence, )
In the 2004 study, we found higher HBsAg (1.5%) and anti-HBc
(4.0%) seropostive rates in subjects aged 15-17 years (1986-89
birth cohorts), and HBsAg and anti-HBc seropostive rates of 2.1%
and 6.8%, respectively, in those aged 18-19 years (1984-86 birth
cchort) [7). The 15-17 year old group in the 2004 study (HBsAg
sefopositive rate, 1.5%) is the same cohort as the 20-21 age group
in the 2009 study, which had an alrmost identical HBsAg seropos-
itive rate (1.6%). The HBsAg seropositive rate of the 18-19 age

4

group in 2004 was 2.1%, similar to the 2.0% in 2009. The relatively
higher HBsAg seropositivity of these two cohorts may be
explained by the lower coverage rates of HBV vaccination. A
nationwide seroepidemiologic survey conducted in the 6-year
old subjects in 1993 showed a hepatitis B vaccination coverage
rate (=3 doses of vaccine) of 88.7% in the entire country [16].
According to the data provided by the Taiwan CDC, the national
coverage rate increased to 97% in 2002 and later on (http://
www.cdc.gov.twfpublic/Dataf09714425771.pdf). The importance
of extensive primary vaccination coverage cannot be overempha-
sized. Such good coverage in infants could not be replaced or com-
pensated by the later boost program because the chronic infection
status is established early in life, and only rarely in the adoles-
cence or young adulthood.

The birth cohort analysis (Table 3) showed no increase in
HBsAg seropositive rates in subjects aged >20 years, After the pri-
mary vaccination in infancy, a universal booster strategy may not
be necessary since the HBsAg seropositivity is not increasing [19-
22}, Beyond early childhood, HBV infection is usually associated
with a favorable outcome. The risk of chronic HBV infection
decreases markedly with increasing age, with approximately
25% of preschool children and 2.7% of university students infected
[23,24]. One recent study showed that immune memory to HBY
vaccines may have disappeared in some university students
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Table 4. Sernm HBV DNA positivity rates in subjects with occult HBV infection:
anti-HBc positive and negative HBsAg.

Posifive serum Anti-HBs () Anti-HBs (+) p value
HBY DNA and anti-HBc {+) and anti-HBc {+)
Birth cohort*
After (n = 2854} 2/21 1/50 0.15
Before (n = 378} 1/9 2{62 0.27

*2454 subjects were born after the implementation of the universal infant vac-
cination program in 1984 in Taiwan while 378 subjects were born before that
point. These subjects were recruited from the general population as described in
the “Study pepulation” section.

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

Mother-to-infant transmission remains the most important
route of HBV acquisition in the post-vaccination era. A high vac-
cination coverage rate can rule out compliance as a concern for
new HBsAg carriage in Taiwan. Intrauterine HBV infection [26]
and a high maternal viral load [27] are possible underlying causes
of vaccine fatlure in mother-to-infant transmission. Only a few
herizontal transmitted infections remained in this study, perhaps
through close family contact or accult infection.

The prevalence of occult HBV infection was about G.1% (3/
2954) in a population under universal vaccination program cov-
erage. Occult HBV infection may cause problems in special cic-
cumstances, such as transfusion or organ donation. Once the
majority of the donor population is born after the implementa-
tion of the universal program, we may exclude subjects with
positive anti-HBc as donors to minimize the risk of occult HBV
infection. This scenario is expected to occur in the near future,
since most donors are young adults. The anti-HBc positive rate
is now 6.2% in subjects aged <25 years, which is Jower than that
(80%) of the population not covered by the vaccination program
[28).

To move toward the elimination of HBV infection, three issues
must be addressed: (1) elimination of infectious sources, (2)
interruption of all transmission routes, and (3) immunization of
all susceptible individuals {29]. The program we describe here
has successfully addressed the third issue, With respect to the
first issue, the pool of infected people has been markedly reduced
int the vaccinated population. An effective treatment strategy for
the eradication of the virus from all the infected persons is now
required. Most current treatments are unable to achieve this goal
[30]. Concerning the second issue, the mother-to-infant transmis-
sion route must be interrupted, perhaps by administering antivi-
ral agents to pregnant mothers [31]. In addition, patients with
HBV infection, even the occult one, should be excluded from
use in blood transfusion and organ transplantation [32]. The illicit
drug user and sexual transmission routes should be handled by
general preventive measures and immunization.

Genotype B is dominant in Taiwan and outnumbers genotype C

at a 3:1 ratio [33). However, genotype C 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 seroconversion in genotype C patients occurred dec-
ades later compared to those with other genotypes [33]. Genotype
C-infected pregnant mothers tend to be HBeAg positive and have a
high viremia; thus, these mothers are more likely to transmit the
infection to their infants [34].

JOURNAL OF HEPATOLOGY

In conciusion, our data demonstrate that universal vaccina-
tion in infancy provides long-term protection against HBV 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 control of HBV infection, an effective
strategy for detecting all the vaccination failure cases is needed,
including occult infection, which would allow implementation
of an appropriate treatment as early as possible. '
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Abstract

Hepatitis B virus (HBY) is one of the most important human pathogens. Its existence in food animals could present
a significant threat to public health. The objective of this study was to determine if HBV is present in serum and
liver of chickens. A total of 129 serum samples from broiler chickens were collected for the detection of HBY
antigens and antibodies, and 193 liver samples were tested for HBV DNA sequence by PCR and for the existence
of HBV antigens by immunchistochemistry. The overalt prevalence of HBsAg, anti-HBs, anti-HBc was 28.68%, 53.49%,
17.05%, respectively, whereas HBeAg, anti-HBe were barely detectable. Three serum samples were found to be
paositive for both HBsAg and HBeAg. Further analysis of these samples with transmission electron microscopy (TEM)
revealed two mormphologic particles with 20 nm and 40 nm in diameter, which were similar to small spherical and
Danes particles of HBV. The viral DNA sequence identified in two of the chicken livers shared 92.2% of one known

HBV strain and 97.9% nucleotide sequence of another HBV strain. Our results showed the existence of HBV in
chickens, This would present a significant risk to people who work with live chickens or chicken products if HBV
found in chicken could be confirmed to be the same as human HBV.

Background

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

The HBV genome is a relaxed circular DNA of ~ 3
200 nucleotides and consists of full length of the nega-
tive strand and a shorter positive strand. Serclogic mar-
kers of hepatitis B virus infection include both viral
antigens (surface antigen, HBsAg, and e antigen,
HBeAg) and antibodies (anti-HBs, anti-HBc¢, anti-HBe).
HBsAg is the most frequently used to screen for the
presence of HBV infection. The presence of HBeAg in a
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host's serum is associated with much higher rates of
viral replication and enhanced infectivity [3]. Detection
of all the serologic markers is meaningful for clinical
diagnosis of HBV in human.

Infection of HBV has already been documented in
non-human primates (NHPs)[4] such as chimpanzees
[5,6] and gorilias [7,8] in sub-Saharan Africa; gibbons
and orangutans in South-East Africa [7,9]. Epidemiologi-
cal studies have shown a high prevalence of HBV infec-
tion in great apes, that is comparable to human
population in Gabon and Congo [7]. Furthermore, our
team 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 population have been or are infected with food
animal-associated HBV variants, existence of HBV in
food animals deserves greater attention from researchers
and the general public. Chickens are widely consumed
by people all over the world, but it is not clear whether:
chickens have HBV infection. The objective 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), anti-HBs

@ 2011 Tian et al; licensee BioMed Central L.td. This is an Open Access article distributed under the teems of the Creative Commons
Attribution License (hitp.//creativecommons.orgflicenses/by/2.0), which permits unrestricted use, distibution, and reproduction in
any medium, provided the original work is propery cited,
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Table 1 Detection of HBV Markers in Chicken Serum
Samples
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Table 2 Detection of HBsAg and HBcAg in Chicken Liver
Samples By Immunohistochemical Staining (n = 193)

Samples Positive Samples Positive Ratio
(n} (n) (%)
HBsAg i29 37 2868
anti-HBs 129 69 3349
anti-HBc 129 22 1705
HBeAg 129 6 465
anti-HBe 12¢ 12 930
HBsAg + 129 3 233
HBeAg

{53.49%, 69/129) and anti-HBc (17.05%, 22/129),
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 both HBsAg and HBeAg (Table 1).

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

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

HEsAg HBcAg
Positive Samples {n} 106 86
Positive Ratio (%) 549 446

{Table 2). Under the microscope, HBsAg was detected
in cytoplasm of hepatocytes, while HBcAg was mainly
distributed in the nucleus of hepatocytes. In addition, a
number of lymphocytes were found in the portal area
and among hepatocytes, indicating that HBV was patho-
genic to chickens, and replication of HBV might be
respongible for the hepatitis lesions observed in the sec-
tions (Figure 2).

Of the 193 liver samples, only two were found to contain
HBY DNA (Figure 3) of the same sequence (Figure 4).
This DNA shared 92.2% of the nucleotide sequence with
the known HBYV strain EF157291 (Hepatitis B virus isolate
B3586-YKH94, complete genome, Japan)[11] and 97.9% of
nucleotide sequence for the HBV strain AB014397 (Hepa-
titis B virus genomic DNA, complete sequence, isolate
38Y20HCC, Japan)[12], respectively (Table 3),

Discussion

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

% [ AR 5 |
230; B0 kV 100000 4 0002 -200 nm-

8 .54

100 nm}.

Figure 1 Observation of hepatitis B virus like particles in chicken serum with TEM. Arrows show HBV-like particles {A, Bar 200 nm; B, Bar =

S MRGRERERREE T,
JEM-1230 80KV 1200000 % 0002
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Figure 2 Immunohistochemical analysis of HBsAg and HBcAg in liver tissues of chickens. HBsAg was distributed mostly in cytoplasm of
hepatocytes (A, 400x), and HBcAg was distributed mostly in the 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 HBcAg (Table 1, Table 2). Hepatitis B virus
has been reported in other mammals (orthohepadna-
viruses) and birds {avihepadnaviruses). Avihepadna-
viruses have been reported in various duck species
(WMHBYV), grey herons (HHBYV), geese (GHBV), Ross’s
goose (RGHBYV), storks (STHBV), and cranes (CHBV)
[13-15]. However, there were no reports of chicken
HBYV in the literature. How did the chickens get infected
by HBV is unknown. Duck hepatitis B virus was the first
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 [16]. It is conceivable that the same
could happen with HBV 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 HBY infections
in the chickens. Interestingly, 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 morphology, pro-
viding morphological evidence of HBV infection in
chickens.

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

Negative control; 3, 4: Liver samples.

Figure 3 ldentification of the PCR products ofHBY in [ivers of chickens by agarose gel electrophoresis. 1, 5: DL2000 DNA marker; 2:
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CHBY %
ABO14337 587
CHBV. 61
AB014397 527
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AB014397 467
CHBY 181
AB014397 407
CHBY 241
ABO14397 347
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EF157291 515
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Figure 4 Sequences of HBV in chickens and two related Human HBV strains, DNA sequence of HBV in chickens shared 92.2% of human
HBV strain EF157291 and 97.9% of the nucleotide sequence of AB014397.
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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 suggest that HBV infection
could lead to pathological changes in the liver of chick-
ens. However, prevalence of HBsAg and HBcAg in liver
was much higher than HBV DNA detected by PCR
method. We found the same phenomenon in HEV
(hepatitis E virus) infection in swine and chicken (data
not show).

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

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

Strain No. ChickenHBY EF157290 AB014397
ChickenHBY 1000 922 979
00 922 979
EF1572%0 83 83 95
ABO143597 22 22 91

*The identities {%) are in the right-up part of the table, and the divergences
(%) are in the left-down part of the table.

Saharan Africa and South-east Asia where the HBV
infection rate in apes was remarkably comparable to
that of human population in these areas [5-9]. Scientists
are concerned 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 two 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 peried and many
of the chickens probably had passed that period.

Most HBV infection in human can be traced to neo-
natal transmission, drug-injection, sexual activity, or
occupational exposure. Other, causes of infection, less
frequent, include household contact, hemodialysis, trans-
mission from a surgeon [20], and a receipt of organ or
blood products. However, for more than 20%-30% of
patients, no clear risk factors could be identified. The
high homology of DNA sequence of HBV from chicken
with the known human HBV strains is of concern from
a public health point of view, because it raises the
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possibility that the HBV found in chicken could be the
same or a variant of HBV that is responsible for hepati-
tis B in human. Our team has reported the presence of
HBYV in another food animal, the swine [10]. It 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 cuts in
their hands. However, it is premature to speculate that
HBV infection in food animals such as chicken might
contribute to the spread of HBV among human popula-
tions. Further research is needed to confirm how com-
mon HBV infection is in chickens and whether HBV
can be passed from people to chickens and vice versa.

Conclusions

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

Methods

Broiler chickens (42 days old) were processed in a slaugh-
ter house in Beijing, following the standard “Chicken
Slaughtering Operation Procedures GB/T 19478-2004".
Blood was drawn from the jugular vein immediately after
the chickens were stunned by an electric shock. Serum
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-
sorbent assay (ELISA) kits (SIIC Kinghaw Biotech Co.

Ltd., Beijing, China) according to the manufacturer’s -

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

To obtain ultrastructural evidence for the presence of
HBV-related viral particles in chickens, the three serum
samples found to be positive for both HBsAg and
HBeAg, were centrifuged at 4000 rpm for 10 min, then
0.01 M poly ethylene glycol 6000 (PEG6G00) was added
into the subsequent upper aqueous 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% OsO4 for 1 h, and treated
with 1% uranyl acetate, dehydrated in ethanol and
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embedded in Epon 812. All electron micrographs were
obtained with JEV1230 transmission electron micro-
scope (JEOL Ltd., Tokyo, Japan) at 80 kV.

Liver samples were collected 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 HBV DNA sequence. The fixed liver tissue sam-
ples were dehydrated and embedded in paraffin wax.
Serial paraffin sections {4 pm) 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

consecutive washings with alcohol 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 Inc., San Diego, USA) con-
taining 20% normal goat serum (Gibco) and 80% PBS
(0.01 M, pH 7.4} at room temperature for 30 min. After
discarding the goat serum, sections were incubated in
primary monoclonal antibodies against HBsAg and
HBcAg (Zhongshan Golden Bridge Biotech Co. Ltd.,
Beijing, China) diluted in PBS, for 2 h 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
same 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 NaDod50, (Sodium
dodecyl sulfate) and proteinase K to 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- chloroform-
isoamylol, 25:24:1 (voi/vol) mixture. The DNA was pre-
cipitated by adding 1/10 vol of 3 M NaOAc and 2 vol of
100% EtOH. After being centrifuged and washed with
70% ice-cold ethanol, the DNA was dried under vacuum
at room temperature. It was redissolved in 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 94°C for 4 min; 94°C for
30 s, 58°C for 30 s, 72°C for 40 s; 72°C for 5 min. Nega-
tive (water) control was included in each detection to
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Table 4 Primers Used in Detection of Hepatitis B Virus in
Chicken Livers

Sequence Location Product Size
HBVs-F1 5-GAT GIG TCT GCG S gene 281 bp
GCG TIT TA-Y
HBVs-R1 5 TITTTCACCTCTGCCTAATCA-Y

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
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(See the editorial commentary by Heiberg and Hogh, on pages 464-5.)

. Background. Body fluids such as saliva, urine, sweat, and tears from hepatitis B virus (FBV) carriers are
potential sources of HBV transmission.

Methods. Thirty-nine children and 8 adults who were chronically infected with HBV were enrolled. Real-time
polymerase chain reaction was used for the quantification of HBV 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 (+$D) in urine,
saliva, tears, and sweat were 4,3 + 1.1 log copies/mL, 5.9 +1.2 log copies/mL, 6.2+ 0.7 log copies/mL, and 5.2 +
0.6 log copies/mL, respectively. A statistically significant correlation was observed between the HBV DNA level in
serum specimens and HBV DNA levels in saliva and tear specimens {r=0.88; P <.001}. Tear specimens from a
child were injected intravenously into 2 human hepatocyte-transplanted chimeric mice. One week after inocu-
lation, both chimeric 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 HBV 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 2008, 177
countries (92%) have integrated HBV vaccine into
routine infant immunization programs. However,
Japan and northern European countries, where the en-
demicity of HBV is low, continue to implement an
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HBV immunization strategy that targets high-risk
groups, rather than a universal vaccination program
{1]. Nonetheless, HBV infection by sexual contact and
houschold contact does 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 reservoir for spreading HBV to other close
susceptible individuals [6-8]. This scenario would
especially threaten the countries that adopt an “at-
risk” immunization strategy [6, 9-13].

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

. fluids can be detected by polymerase chain reaction

(PCR) [9-18]. Of these body fluids, however, only serum,
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saliva, and semen have been demonstrated to be infectious in
humans or experimental animal models [19-21].

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

MATERIALS AND METHODS

Patients and Materials
Eligible patients were chronic HBV carriers who attended our
outpatient clinic, Their chronic HBV infection status was rou-
tinely evaluated by blood examination. All 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

Micro. Card. (Whatman, - GE -Healthcare;- Tokyo; Japan) and- -

sterile foam-tipped applicators (Whatman). When children shed
tears spontaneously, we collected tear samples using the FTA
cards. Serum, urine, saliva, tear, and sweat specimens were col-
lected on 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 FHospital,

HBY DNA Extraction and Real-Time PCR

HBV DNA in serum was measured by COBAS TagMan HBV

DNA fest, version 2.0 (Roche Diagnostics, Tokyo, Japan).
HBV DNA was extracted from 200 plL of urine, using the
QlAamp DNA Blood Mini Kit (QIAGEN, Hilden, Germany).
HBV DNA was extracted from saliva, tear, and sweat speci-
mens that were spotted on FTA cards, using QlAamp DNA
Mini kit (QIAGEN). Three circles were punched from the
FTA card by uvse of a single-hole paper puncher (Harris Micro
Punch 3.00 mm, GE Healthcare) and were used for HBV
DNA extraction. The extracted DNA was dissolved in 100 uL
of elution buffer.

Quantification of HBV DNA in urine, saliva, tear, and sweat
samples was performed using an in-house TaqMan real-time
assay. The real-time PCR was performed using a genotype-
independent method described previously {25]. PCR was
performed in an MX3000F (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 standar-
dized using HBV DNA samples of known concentrations
measured by the COBAS TagMan HBV DNA test and recombi-
nant plasmid controls. In this study, the standard of qualifica-
tion is based on the result of COBAS TaqMan HBV DNA test.
Therefore, the conversion factor between HBV copies/mL and
HBV IU/mL is considered to be 5.82 copies/IU. Genotyping of
HRBV 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 HBV infection. The
source of her HBV infection was mother-to-child transmission
due to the failure of prophylactic treatment. A total of 200 uL of
tears were gently collected from her face when she cried, using a
1.0-mL syringe. The 200-pL tear specimen was diluted with
1300 L of sterile saline, yielding a total volume of 1500 uL. The
specimen underwent filter sterilization with a 0.2-pm filter.

[noculation of Chimeric Mice With Livers Repopulated by
Human Hepatocytes

Three male chimeric mice were purchased from PhoenixBio
{Hiroshima, Japan). Human hepatocytes were imported from
BD Bioscience (Woburm, MA). 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 indculated with 100 uL 6f the sterilized tear sample

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

HBV DNA Extraction From Mice Samples and Real-Time PCR

A total of 50 pL of whole blood samples were collected from
the mice every week after inoculation, and serum was sepa-
rated. Saliva and tear specimens were collected from chimeric
mice, using FTA cards. HBV DNA was extracted from 20 pL
of mouse serum, using SMI-TEST EX-R&D (Medical Biologi-
cal Laboratories, Aichi, Japan). The exiracted DNA was
dissolved in 20 pL of nuclease-free water. HBV DNA was
quantitatively measured using real-time PCR with the
TagMan PCR Core Reagent kit (Applied Biosystems, Foster
City, CA). Real-time PCR was performed in a 25-uL reaction
mixture containing 0.125 uL Ampli Taq Gold with 0.2 uyM
primers (forward primer: 5-CACATCAGGATTCCTAGGAC
C-3' [nucleotides 166-186]; reverse primer: 5'-AGGTTGGTG
AGTGATTGGAG-3 [nucleotides 325-344]), 0.3 (M probe
(5"-PAM-CAGAGTCTAGACTCGTGGTGGACTTC-TAMRA-
3’ [nucleotides 242-267]), and 5 L extracted DNA. The
nucleotide position was based on GenBank accession number
AB300361 (genotype C). After incubation for 2 min at 50°C
and for 10 min at 95°C, the PCR cycling program underwent
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53 2-step cycles, one at 95°C for 20 seconds and the other at
60°C for 1 minute. TagMan PCR was performed with an ABL
Prism 7500 (Applied Biosystems). In this study, the volume of
serum collected from each mouse was 20 pL, which is a very
small amount compared with that used in human studies.
Therefore, we considered the upper limit of detection of
real-time PCR for a small-volume sample to be >10000
copies/mL, which provided us with more reliable results. This
assay was standardized using mouse HBV DNA samples of
known concentrations and the recombinant plasmid controls,
as previously described [27].

Immunestaining for HBV Surface Antigen (HBsAg} and HBV
Core Antigen (HBcAg)

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

Statistical Analysis

Categorical variables were compared between groups, using
the Yates corrected % test or the Fisher exact test. Noncatego-
rical variables were compared between groups by the Mann—
Whitney U test. For analysis of the correlation between log
HBV 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-
cance. All statistical analyses were performed with StatMate IV
- for Windows (Advanced Technology for Medicine & Science,
Tokyo, Japan) and Microsoft Office Excel 2007.

RESULTS

Patients and Materials

Between 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 (£SD) was 1244120
years, and the median age was 9 years (range, 047 years. The
47 HBV carriers fell into the following age groups: 0-5 years,
n=18 (16 were HBV e antigen [HBVeAg] positive); 6-10
years, n=11 (9 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 infection, 39
were positive for HBeAg. In addition, 39 patients had serum
HBV DNA levels of 26 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 47 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 fluid 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 among patients supplying different fypes
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 copies/mL. The
median HBV DNA level in serum was >9 log copies/mL. HBV
DNA was detected in 73.7% of urine specimens (14 of 19),
86.8% of saliva specimens (33 of 38), 100% of tear specimens
(11 of 11), and 100% of sweat specimens (9 of 9) (P=.07). In
patients with a high viral load (ie, >6log coples/mL), HBV
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 100% 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 body fluids, there were no significant differences
in the frequency of HBV DNA detection ameng body fluids.

Quantification of HBV DNA From Body Fluids

Figure 1 shows the levels of HBV DNA in body fluids. Mean
levels (SD) of HBV DNA in urine, saliva, tears, and sweat
specimens were 4.3+ 1.1log copies/mL, 5.9+ 1.2 log copies/
mL, 62+07log copies/mL, and 52+0.6log copies/mL,

Table 1. Characteristics of Body Fluid Samples
Body Fluid
Urine Saliva Tears Sweat
Characteristic n=13 =38 Mh=11 (=9 P
MeiEgex 102,623 60.51 S B2 7 A ag:
Age, years, 11 (140} 1{0-3} 161{8-40) <.05°

median

* Significant difference between urine and saliva, between urine and tears,
between saliva and sweat, and between tears and sweat.
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Figure 1. Hepatitis B virus (HBV) DNA levels in urine, saliva, tear, and

sweat specimens from 47 patients. The levels of HBY DNA in urine
samples were significantly lower than those in saliva, tear, and sweat
samples [P<.05). The bar indicates the mean of the levels of HBV DNA.
SOs are indicated by vertical bars,

respectively. Levels of HBV DNA in urine were significantly

“lower than  those in-other body fluids. Levels of HBV DNA'I

body fluids from patients who had a high viral load (ie, >9 log
copies/mL) in serum are shown in Figure 2. Mean levels (+5D)
of HBV DNA in urine (n=10 specimens), saliva (n=23),
tears (n=_8), and sweat (n=28) were 44+ 0.9 log copies/mL,
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Figure 2, To adjust serum hepatitis B virus {HBV) DNA lavels among
graups, we show the KBY DNA levels in urine, saliva, tear, and sweat
samples from patients whose levels of HBV DNA in serum were =9 log
copies/mL. Although a significant difference in HBY DNA levels between
urine and sweat specimens was net present, HBY DMA levels in urine
specimens were significantly lower than those in saliva and tear speci-
mens (F<.05). The bar indicates the mean of the levels of HBYV DNA.
SDs are indicated by vertical bars.

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

Although there was no significant difference in HEV DNA
levels between saliva, tears, and sweat specimens from patients
with high viral load in serum, the quantification of HBY DNA
in saliva and tear specimens showed almost the same levels
(Figure 2). Levels of HBV DNA in the 11 pairs of saliva and
tear specimens are shown in Figure 3. Mean HBV DNA levels
(#SD) in saliva and tear specimens were 6.1 + 1.0 log copies/
mL and 6.2+0.8log copies/mL, respectively. The levels of
HBV DNA in tear specimens were as high as those in saliva
specimens.

The association between the levels of HBV DNA in serum
specimens and in saliva and tear specimens was evaluated.
Because the upper detection limit of the COBAS TagMan
HBV DNA test was >9 log copies/mL, we used data from
patients in whom the levels of HBV DNA in serum ranged
from 29 to 8.8log copies/mL. Data from 15 patients (15
serum samples, 15 saliva samples, and 3 tears samples) were
available for the correlation analysis. A significant correlation

mens and saliva and tear specimens (r=0.88; P<.001)
(Figure 4A). The relationship between HBV DNA in serum
specimens and HBV DNA in saliva and tear specimens was
described as follows: [log HBV DNA load in saliva and tear
specimens] = —3.23 + 1.06 x [log HBV DNA load in serum
specimens]. On the other hand, there was no significant

ot sigrificant
I I
a=1 n=11
94
81 . *
+ 7
2 6 + s
] i +
AR *
s %]
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2

Saliva’

Tears

Figure 3. Hepatitis B virus (HBY) ONA levels in saliva and teer
samples that were paired. Both groups showed the same HBV DNA
levels. The bar indicates the mean of the levels of HBV DNA. SDs are
indicated by vertical bars.
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Figure 4. A, The association between hepatitis B virus (HBY) DNA levels in serum samples and saliva and tear samples (n=18). Data from patients
whose levels of HBY DNA in serum ranged from 2.9 to 8.8 log copies/mL were used for analysis. There was a significant correlation between HBV
DNA levels in serum specimens and saliva and tear specimens (r=0.88; P<.001). B, The association between HBY DNA levels in serum and urine
samples {n=19). Data from patients whose serum HBY DNA levels ranged from 2.1 to 9.0 [og copies/mL wers used for analysis. Thers was no significant
correlation between HBV DNA levels in serum and urine specimens {r=0.41; P=.10). '

Vassociation between HBV DNA loads in serum and urine
specimens (HBV DNA levels in 9 serum specimens ranged
from 2.1 to 8.6 log copies/mL; r=0.39; P =.30) (Figure 4B).

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 load, >9.01og
copies/mL) were 7.1 log copies/mL. The final concentration of
HBV DNA in filter-sterilized tear specimens was 6.1 copies/mL.
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Figure 5. Hepatitis B virus (HBV) DNA levels in serum from chimeric
mice after intravenous inoculation with tear specimens. The level of HBV
DNA in a tear specimen collected from a girl with faiture of immunopro-
phylaxis (HBY DNA foad in serum, >3.0lag copies/ml) waes 7.1 log
copies/mL. After sterilization, the final concentration of HBY DNA in the
tear sample was 6.1 copies/mL. One hundred microliters of the tear
specimen was injected intravenously into chimerie mice.

A total of 100 pL of the filter-sterilized tear specimen was in-
jected intravenously into 2 chimeric mice. One week after inocu-
lation, both chimeric mice became positive for HEV DNA in
serum (no. 101 had an HBV DNA level of 5.2 log copies/mL,
and no. 102 had an HBV DNA level of 5.1 log copies/mL). The
levels of HIBY DNA in serum from the chimeric mice gradually
increased with time. Seven weeks after inoculation, the levels of
HBV DNA in serum from the chimeric mice increased to 9 log
copies/mL 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). Although HEV
DNA was extracted from a very small spot (1 pinched-out circle
from the FTA card), the levels of HBV DNA were 44 log
copies/mL (in saliva) and 4.5 copies/mL (in lacrimal fluids) in
mouse 101 and 4.0 log copies/mL (in saliva) and 4.3 log copies/
mL (in Jacrimal flnids) in mouse 102, The remaining chimeric
mouse (mouse 103) was orally inoculated with 100 pL of the
filter-sterilized tear specimen. Unfortunately, we had to discon-
tinue orzl administration because of the deterioration of the
mouse’s health 35 days after inoculation. The chimeric mouse
{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) detected no HBV DNA in
sermm.

Immunaohistological Analysis of Liver Tissue for HBV'Antigens

Immunohistochemical staining was performed on a liver
specimen from the mouse with HBV viremia (no. 101). The
hepatocytes were positive for HBsAg and HBcAg (Figure 6).
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Figure 6.

Immunghistological staining for liver tissue with antibodies to hepatitis B virvs {HBV) surface antigen (HBsAg) and HBV core antigen

{HBcAg). A, HBsAg was expressed on cytoplasmic membrane {original magnification =x400). 8, HBcAg were expressed in nuclei of hepatocytes {original

magnification >400). Arrows indicate the nuclei of HBcAg-positive staining.

These findings indicated that HBV transmission from tears
could be replicated in a human liver chimeric mouse model.

DISCUSSION

- ‘Althoughrit has been reported that HBY DNA was detectable
by PCR in tears from chronic HBV carriers [11, 17], tears
have been considered to be low risk for HBV transmission.
However, this study demonstrated that tears from children
chronically infected with HBV were highly infectious. HBV
DNA from serum could be detected in both chimeric mice 1
week after inoculation. Moreover, the levels of HBV DNA in
serum continuously increased and reached the npper limit of
the PCR assay 7 weeks after inoculation. A previous study
showed that chimeric mice usually became positive for HBV
DNA in serum 4 weeks after intravenous inoculation with
serum from HBV carriers [28]. The levels of HBV DNA in
tears used for this study were much higher than those
in serum used in the previous study. Therefore, HBV DNA in
serum from the chimeric mice became detectable quickly after
inoculatien.

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
are from counties in which a selective HBV immunization
program has been implemented [9-13]. Clearly, physicians
from these countries are keen to know whether various body
fluids might be sources of HBV transmission. Additionally,
physicians are concerned that a vaccination strategy that
focuses on at-risk groups is ineffective for prevention of HBV
infection. Although recent studies have shown that HBV DNA
in urine, saliva, tear, and sweat specimens from chronic HBV
carriers was detectable by PCR, these studies did not show
that body flnids from chronic HBV carriers were infectious in

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

Tears are presumed to originate from circulating blood.
HBV DNA was first detected in tears in 1994 by PCR. In a
previous study, tear specimens from 47.1% of HBV carriers
(16 of 34) were positive for HBV DNA [17]. In 2006, a pre-
vious study measured HEV DNA 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 HBV DNA in tear specimens ranged from 0.2 x 10°
to 1.4%10% copies/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 study were very
young children {median age, 1 year). Young children with
chronic HBV infection are usually in the immunotolerant
phase and have a high viral load. Second, the FTA card was
effective at collecting body fluids and extracting DNA,
Although the number of tear samples was small, this study
demonstrates that tears, as well as saliva, contain a large
amount of HBV DNA. Interestingly, ;IBV 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 also be detected in
urine, saliva, tears, and sweat. In this study, HBV DNA was
detected in a high proportion of body fluid samples. Tn
addition, 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 HBV DNA level in saliva and
tear specimens] =-323+1.06x [log HBV DNA level in
serum specimens]. Similarly, previous studies reported that
the levels of HBV DNA in saliva specimens were significantly
related to the levels of HBV DNA in bload specimens. In this
study, however, the levels of HBV DNA in urine specimens
were not significantly associated with the levels of HBV DNA
in serum specimens. The levels of HBV DNA in urine
samples were significantly lower than those in saliva and tear
samples, This finding is also consistent with that of a previous
study [13]. We cannot provide any clear explanation why the
levels of HBV DNA were lower than those in other body
fluids. Further studies are required to study not 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 [19]. After we con-
firmed the infectivity of tears through the intravenous route,
tears were administered orally to a chimeric mouse. Although
both transmission routes were investigated using the same
sample, this study, like previous animal experiments [20, 21],
failed to demonstrate that HBV infection occurred through an
oral route; unfortunately, the period of observation was not
sufficient to evaluate the infectivity of tears. We tried to detect
HBV DNA in the liver of chimeric mouse 103 after discon-
tinuation of oral administration of tear specimens, but HBV
DNA was not detectable in the liver by real-time PCR (data
not 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 levels of HBV DNA in blood and
sweat was observed. In the present study, all sweat samples
were positive for TIBV DNA. In addition, the levels of
HBV DNA in sweat specimens were high (mean level {+SD],
5.2+ 0.6 log copies/mL}). Therefore, sweat from HBV carriers
might also have the potential to cause horizontal HBV

. infection.

The US Centers for Disease Control and Prevention con-
siders that the risk of transmission in child-care seftings is
very low [29-31]. However, Ireland, Norway, and Sweden have
a policy that children should be immunized if another child in
a day care center is positive for HBsAg. This study showed
that various body flnids from young HBV carriers have a high
concentration of HBV 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-
fectious, and HBV vaccine should be recommended for day
care staff.

In conclusion, HBV DNA was detected at high proportions
in urine, saliva, tear, and sweat specimens from chronic HBV
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. Although 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 viremia, especially in counties implementing
an immunizing program focused on individuals at-risk for
HBYV infection.
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A 25-Year Study of the Clinical and Histologic
Outcomes of Hepatitis C Virus Infection and Its
Modes of Transmission in a Cohort of Initially
Asymptomatic Blood Donors

Robert D. Allison,' Cathy Canry-Canfilena,’ Deloris Koziol,2 Cathy Schechterly,! Paul Ness,? Joan Gibhle,!
David E. Kieiner} Marc G. Ghany,® and Harvey J. Alter*

Department of Transfusion Medicine and 2Biostatistics and Clinica Epidemviclogy Service, Clinical Center, SLaboratory of Pstholegy, National Cancer
Institute, and SLiver Diseases Branch, Naticnal Institute of Diabetes and Digestive and Kidney Diseases, National Institutes of Health, Bethesds, and

3Departments of Pathology and Dneology, The Johns Hopkins Medical Institute, and *Greater Chesapeake & Potoma Region, American Red Cross,
Baltimore, Maryland

Background, A total of 738 volunteer blood donors who were positive for anti-hepatitis C virus (HCV) were
assessed for risk factors and outcomes for up to 15 years within the study and up to 54 years from the estimated
onset of infection.

Methods. A third-generation recombinant immunoblot assay (RIBA) was performed to distinguish true from
false anti-HICV reactivity. Findings of HCV polymerase chain reaction classified subjects as having chronic HCV
infection or as having recovered. Liver biopsy specimens were staged by Ishak fibrosis score and graded by histo-
logic activity index.

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 risk factors were injection drug use {odds
ratio [OR], 35.0; P <.0001), blood transfusion (OR, 9.9; P<.0001), and infranasal cocaine use, including 79
“snorters” who repeatedly denied injection drug use or blood transfusion (OR, 8.5; P <.0001). Classification and
regression tree and random forest analyses confirmed these risk factors. A total of 384 RIBA-positive donors
(82%) were HCV RNA positive; of these, liver biopsy specimens from 185 (48%) showed no fibrosis in 33%, mild
fibrosis in 52%, bridging fibrosis in 12%, and cirrhosis in 2% a mean duration of 25 years after infection. Analysis
of 63 repeat biopsy specimens showed that 8% progressed >2 Ishak stages over 5 years (mean progression, 0.06
Ishak stages/year).

Conelusions, Injection drug use and blood transfusfon before 1990 are dorminant risk factors for HCV acqui-
sition; intranasal cocaine use may 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 fibrosis, and only 2% had cirrhosis.
Nearly one-fifth spontaneously recovered. :

‘While the frequency of new hepatitis C virus (HCV}  cumnulative infections over the past 50 )'rears is sub-
infections in the United States has declined consider-  stantial and is rising, as the long duration of individ-
ably in the past decade, the disease burden from ual infections allows evolution into cirrhosis and

hepatocellular carcinoma (FICC) [1, 2]. The full spec- -
trum of HCV-related outcomes is difficult to discern
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27 June 2012, : slowly evolving chronic sequelae generally are not
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individuals who become chronic carriers, (2) the risk factors
for HCV acquisition, (3) the long-term outcomes based on
findings of liver histologic evaluations, and (4) the relation-
ship of liver fibrosis to a variety of demographic, virologic,
serologic, 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 accrual,
allowing for up to 15 years of follow-up within the study and
a mean interval of 25 years from the time of a parenteral
exposure that presumably initiated the infection to the time
of liver biopsy.

METHODS

Screening ard Confirmation of HCV Infection

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) (EIA1.0; Abbott Laboratories, Abbott Park, IL)
ta screen donated blood for HCV antibodies. A more sensitive
second-generation EIA (EIA2.0; Ortho Diagnostics and
Abbott Laboratores) was introduced in 1992. The specificity
of anti-HCV-positive reactions was tested by second andfor
third-generation recombinant immunoblot assays (RIBA HCV
2.0 SIA; Chiron, Emeryville, CA) [4]. Donors who were RIBA
positive were considered to have confirmed antibody to HCV
and, thus, to have been infected with HCV. Donors who were
RIBA negative were considered to have false-positive antibody
reactivity by EIA and, thus, not to have been infected with
HCV. The HCV antibody status of donors with an indetermi-
nate result of RIBA. could not be determined, and donors with
this result underwent testing for HCV RNA but were other-
wise excluded from analysis.

At least 1 sample from each participant was tested in dupli-
cate for HCV RNA, using reverse-transcription polymerase
chain reaction (PCR; COBAS Amplicor HCV Test, version
2.0; Roche, Branchburg, NJ; limit of detection, 100 IU/mL)
[3]. Quantitative serum HCV RNA levels were measured by
the COBAS Amplicor HCV Monitor Test, version 2.0
(Roche), and genotyping was performed by the INNO-LiPA
2.8 assay (Innogenetics, Ghent, Belgium), Samples that were
cbtained prior to licensure of these PCR assays were retrieved
from frozen storage for later testing.

Enrellment of Participants .

Volunteer blood donors from the Greater Chesapeake and
Potomac 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 protocol was approved
by the ARC and NIH institutional review boards and has been
reviewed annually.

[nitial Evaluation and Follow-up

On the initial visit, the donor was interviewed by a physician,
who completed an extensive questionnaire that recorded demo-
graphic characteristics, blood donation history, sexual history,
and past medical history, including assessments of alcohol use,
illicit drug use, and other potential risk factors for HCV infec-
tion. Participants completed a second questionnaire in private
about illicit drug use. A physical examination 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 duration of smdy. RIBA-positive
subjects continue to be followed up in this ongoing study;
donors who were repeatedly RIBA negative and HCV RINA neg-
ative were discharged from the study after 6~12 months of
follow-up because they were considered to have been unexposed
to HCV and to have had false-positive results of EIA.

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 (D.EK.) 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,
3-4 = bridging fibrosis, and 5-6 = cirrhosis) [5). Necrosis and
inflammation were graded uwsing a modification of the histo-
logic activity index (HAT) on a scale of 0-18 [6, 7].

Mortality Follow-up
Vital status, date of death, and cause-specific mortality from 1990

through 2005 were obtained by searching the National Death
Index (National Center for Health Statistics, Hyattsville, MD).

Statistical Analysis

Analyses were performed with standard statistical packages
(SPSS v15.0 for Windows, SPSS, Chicago, IL; SAS v9.2, 5AS
Institute, Cary, NC). Only data collected prior to HCV treat-
ment were included. Associations between categorical variables
were assessed with the unadjusted o statistic or a 2-tailed
Fisher exact test,

Univariate analysis of variance was used to assess associa-
tions between 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 multiple
comparisons. When an a priori order in the group status was
assumed, the Jonckheere nonparametric test for trend was
used, with a 2-sided P value. For comparisons of proportions
to population proportions, the exact binomial test was used.

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

RESULTS

Enroliment, Demographic Characteristics, and RIBA Status
Seven hundred and thirty-eight anti-HCV-positive blood
donors were entolled: 692 (94%) were enrolled from the ARC,
36 (5%) were enrolled from the NIH, and 10 (1%) were
enrolled 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 donors in the region);
238 ARC donors were enrolled from 1995 through 2005 (43%
of all anti-HCV-positive donors). Correspondingly, 28 anti-
HCV-paositive NIH donors (84% of the total detected) were
enrolled from 1990 through 1994, and 8 {17% of the total)
were enrolled from 1995 through 2005.

Demographic data on 1046 713 blood donors who donated
at the ARC between 1990 and 2005 were compared with the
692 ARC donors enrolled in the study. The populations had 2
similar 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
donors (23.8% vs 76.5%; P < .01).

Demographic data on 14400 NIH volunteer blood donors
who donated during the study period were compared to data
for the 36 who were enrolled. Enrolled donors 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; £ <.01}, and
were less likely to be first-time donors (13.9% vs 80.1%;
P <.01). Study participants from the ARC and the NIH were
compared, and there were no differences in sex, age, African
American race, or first-time donor status.

Among anti-HCV-positive blood donors, 469 (64%) were
positive 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 infection in the multivariate
logistic regression analysis (Table 2) included, in order of
entry into forward and stepwise logistic regression models, in-
tranasal cocaine use (OR, 6.4; P<.0001), blood transfusion

Table 1. Characteristics of Blood Doners, by Hepatitis C Virus
(HCV} Antibody Stafus

Results of Third-
Generation RIBA?

Positive
(n = 469)

Negative
(n 217) P

Characterlstlcs

e

Afncan Aﬁ'ﬂ"en

3 BN AT ks St T 4

No col[ege education

22 (10)

127 (27)
I o Sp R S
VS e
ALT level, mean {IU/L) 54 22 <001

Data are no. (%] of donors, unless otherwisa indicated.

Abbreviations: ALT, alanine aminotransferase; MSM, men who have sex
with men; BIBA, recombinant immunoblot assay; STD, sexually transrmitted
disease.

? All subjects had positive anti-HCV findings by enzyme immunoassay (EIA).
Oonors with positive resuMs of RIBA are considered to have been infected
with HCV. Donors with negative resulis of RIBA, are considered to have
false-positive anti-HCV findings by ElA,

SAg initial evaluation, ALT level was elevated In 48% of RiBA-posiive
donors, compared with 6% of RIBA-negative donors (P < .001].

prior to 1991 (OR, 9.%; P<.0001), history of injection drug
use (IDU; OR. 35.0; P <.0001), sexual promiscuity (>5 part-
ners/year, history of sexually transmitted disease, exchanging
sex for drugs or money, or a combination of these factors; OR,
2.3; P <.001), ear piercing (OR, 1.8; P < .01}, and occupational
exposure to human blood (OR, 3.8; P=.018). Ear plercing was
a significant risk factor in 70 (28%) of 253 RIBA-positive men
(P <.0001) but not in women.

Among 292 RIBA-positive subjects who snorted cocaine, 213
(73%) also reported a history of IDU or blood transfusion prior
to 1991; 79 (27%) who snorted cocaine repeatedly denied IDU
or other parenteral risk factors both in personal interviews and
on a questionnaire. Among 70 men who had ear piercing as a
risk factor, 67 (96%) had also snorted cocaine, had received
a blood transfusion prior to 1991, had a history of IDU, or had
a documented needlestick exposure to human blood.

The CART analysis identified the same risk factors for

. HCV infection and in the same order of importance as did

the forward, 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 factors identified by logistic
regression; occupational exposure and sex were ranked as least
important. CART and random forest analyses confirmed

656 = JID 2012:206 (1 September) » Allison et al



Table 2. Multivariate Logistic Regression of Risk Factors for Hepatitis-C Virus Infection

Results of Third-Generation RIBA

Multivariate Logistic
Regression Analysis®

Positive, no. (%) Negative, no. (%) Odds Ratio
Risk Factor® (n =489 (=217 (95% Cly P
it ' 01072 0001
Blood transfusion 9.9 (5.6-18.3)
Intranasal cocaine use Wi_théut IDU or blood transfusion 8.5 (4.
Octhicatbrel o S TR g

Sexual promiscuity

et L T et T
AV

[ty el
23=1 24
512

Females®
B o002
Males® .0002
.?’:W\ IR TR 'ﬂi'w:inx"w-?@- 3
Male sox. A 254 (64)
SR R

Acupuncture

29 (6)

NS
R
. NS

Data are ordered by odds ratio.

Abbreviations: Cl, confidence interval; IDU, injection drug use; NS, nonsignificant; RIBA, recombinant immunoblot assay.
*Order of entry into the model {forward selection method): (1) intranasal cocaine uss, {2) blood transfusion, (3) DU, (4] sexual promiscuity, {5) ear piercing, and

(6) oceupational exposure.

b Ellipses indicate that the risk factor did not meet criteria {or entry into the model.

° Rasuits from analysis of a subset of 361 subjects who denied IDU and blood transfusion (163 RIBA positive, 128 RIBA. negative).
9 Rezults from analysis of @ subset of 375 males (254 RIBA positiva, 121 RIBA negativel,
® Results from analysis of a subset of 311 ferales (215 RIBA positive, 96 RIBA negative).

findings of the subset analyses of-361 subjects, presented in
Table 2.

Survey of Intranasal Gocaine Use

Six hundred and ninety-two donors completed a detailed
survey on cocaine use. Of 273 RIBA-positive subjects who
used intranasal cocaine, 236 (86%) had shared straws or other
snorting devices, 87 (32%) had éxperienced epistaxis during
or after intranasal use, and 67 (25%) observed epistaxis in
others with whom they were sharing materjals. Longer dura-
tion of intranasal cucaine 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 snorted cocaine
but denied IDU and blood transfusion (£ <.0001; Table 2).

Detection of HCV RNA by PCR and Follow Up of HCV
RNA-Pasitive Subjects

Among 469 RIBA-positive blood donors, 384 (82%) were HCV
RNA positive, and 85 {18%) were repeatedly HCV RNA nega-
tive. Of the 85 RIBA-positive, HCV RNA-negative donors,
RIBA was performed a mean of 7 times aver a mean period of
2.75 years, during which results remained persistently positive.

The longest interval of RIBA-positive, TICV RNA-negative
statns documented in this stedy was 9.7 years. Patients who
were RIBA. positive, HCV RINA negative on at least 2 occasions
were presumed to have been exposed to HCV and spontaneous-
1y recovered. All 217 RIBA-negative donois and 52 persistently
RIBA-indeterminate donors tested negative for HCV RNA,
Among RIBA-positive subjects, age, sex, and race were not sig-
nificantly different between those who were HCV RNA positive
and those wha were HHCV RNA negative: mean age, 40.2 versus
38.6 years {P=.18), male sex, 54% versus 53% {P=.81), and
white race, 78% versus 85% (P =.19).

At the time the database was frozen for analysis, 257 of 384
HCV RNA-positive subjects (67%) were still being actively
followed; 95 (37%) were treated for HCV infection. Since this
was a natural history study, outcornes in these patients were
only analyzed up to the time that treatment was initiated.

Among 258 HCV RNA-positive repeat blood donors, 65%
were donating potentially HHCV-infected blood for >10 years,
and 429% had donated >10 times.

ALT Levels and Clinical Liver Disease in HCV
RNA-Positive Suhjects

Elevated alanine arninotransferase (ALT) levels were found at
initial evaluation in 214 HCV RNA-positive subjects (56%).

Natural History and Transmission of HCV « JID 2012:206 (1 September) » 657



Tahble 3. Pattern of Mean Alanine Aminotransferase {ALT) Level Elevations Amungj Hepatitis © Virus RNA-Positive Biood Donars

ALT Level, Mean

No. (%) No. (%) Biopsied Mean BA( No. (%) Severe Fibrosis®

Elevated 255
= bt

A

Abbreviations: HAJ, histologic activity index; ULN, upper limit of normal.
® Defined as Ishak stage 3-6 (bridging fibrosis or cirhosis).

b Persistently normal in 67 of 127 donors (45%). Of these 57, 7 {12%) underwent bippsy, with nene having severe fibosis.
“There is a significant trend of increasing HAI with increasing ALT group.
9There is a significant trend 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 TCV RNA-negative subjects (P<.001). Fifty-
seven HCV RNA-positive subjects (15%) had persistently
normal ALT levels; 7 (12%) underwent biopsy, with 2]l 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 chronic 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
encephalopathy in 1; none had ascites.

Exient of Liver Disease at Biopsy

On initial liver biopsy of 185 chronically infected subjects, 61
(33%) had no fibrosis, 97 (52%) had mild fibrosis, 23 {12%)
had bridging fibrosis, and 4 (2.2%) had cirrhosis (Figure 1).
One patient developed HCC. Associations with lver fibrosis
are shown in Table 4. Both age at infection and duration of

Chronie HCY Infection

T

48%
Mean i
Duration Liver Biopsy
of Infeetion
25Years

] 61(33%) | | 7 (52%) I | 23 (12%) | 4 (2%) ]
HeFibrosls’ Stage 12 Stage 34 Stage 5§
Mild Bridgihyg Clrrhosis
Fibrosis Fibrasls

Figure 1, Stage of liver fibrosis among 185 hepatitis C virus (HOV-
pasitive patients undergoing initial liver biopsy. After a mean of 25 years
based on the intervat since a known parenteral exposure, 85% had no or
minimal fibrosis, 2% had cirrhosis, and 12% had bridging fibrosis that
might progress to ciirhosis.

HCV infection were extrapolated from the reported date of
probable exposure, specifically, blood transfusion prier to
1991, the first year of IDU, or the date of a well-defined nee-
dlestick exposure; 125 (69%) of 185 biopsied patients had
these defined risk factors. On the basis of these risk exposures,
the mean age at the onset of HCV infection was 21 years
(range, birth to 59 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 with in-
creasing severity of fibrosis.

Sex, race, education level, alcohol use at the time of HCV
diagnosis, and total peak alcohol use were not significantly as-
sociated with the stage of fibrosis; body mass index was post-
tively correlated with worsening fibrosis {P=.005; Table 4).
Patients with bridging fibrosis or cirrhosis had higher HAI
scores than those with mild or no fibrosis (P < .001). Blevated
levels of serum markers of liver inflammation were highly as-
sociated with increasing stage of fibrosis (ALT and aspartate
aminotransferase 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 (98%) were genotyped, and
136 (76%) were genotype 1; 111 (60%) of biopsied patients
had quantitative HCV RNA, load measured, with a mean level
of 3.32 x 10° copies/mL (range, 1.14 x 10° to 4.81 x 107 copies/
mL; median, 1.20%10° copies/ml). Neither genotype nor
HCV load were associated with a more severe stage of Iiver
fibrosis.

Extent of Liver Disease at Repeat Liver Biopsy

Sixty-three patients (34%) underwent a second biopsy after a
mean inferval of 4.6 years between biopsies. Over that interval,
21 (33%) had fibrosis that increased by at least 1 Ishak stage
{5 increased by at least 2 stages), 34 (54%) had no change, and
8 {14%) showed a decrease of >1 Ishak stage (Figure 2). The
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Table 4, Characleristics of 185 Hepatitis G Virus—Positive Patients Who Underwent Liver Biopsy, Staged by Ishak Fibrosis Score

Score

Characteristic 0

MY

mx\’\\'»“a\aﬂ PR

Race
5’%’\{"’*-‘/

EhEaN
African American y

e SRR N e S
Current use o

R T

Totalpeak use (nu drlnksfyearxtutal years) 7910

i am;ii %%@%W %%fam

W“\'i’:-

: : T A
Quantltatws HNA [oad mean (x ‘IOE copleslmL) 3.
SR 313‘37}‘" FEX e
i X f'? w:hs. ’m

B R

e
+

T (’i&.-pn

g 46 (34}
b i 2

uw

e

~x=‘#

R 5!@51&%&5:’»‘3&?&5

BRI

SRR S s Sy
Sl *ﬁ%ﬁ?ﬁ.&%%ﬁaﬁ“ :

‘x-:-e:;, o4t

5333

11 388
SR

;J.Egi"?ig@f‘%'
u%ﬁ%%ﬁfﬁ

Abbreviations: ALT, alanine aminctransferase; AST, aspartate aminotransferase; GGTP, yglutamy! peptidase; HAI, histologic activity index.
? For 125 subjects, inferred from the date of bleod transfusion, the first year of injection drug use, or the date of a2 weli-defined needlestick exposure,
b p= 024 after sxcluding data for 7 study subject, who had hepatocefiular carcinoma.

mean progression rate between biopsies was 0.06 Ishak stages
per year (0.28 for patients whose fibrosis increased).

Treated Versus Untreated HCV RMA-Positive Subjects
Among 384 HCV RNA-positive subjects, 95 (25%) were
treated with interferon with or without ribavirin, or with

pegylated interferon plus ribavirin, Compared with those who
were not treated, subjects who received treatment were of
similar age (40.2 vs 40.1 years; P=.97) and similar sex (48%
vs 56% were male; P=.18). However, subjects who received
treatment were more likely to be white (89% wvs 74%; P <.01)
and had a higher mean ALT level (78.5 vs 56.4; P< .01).

Nitural History and Transmission of HCV « JID 2012:206 (1 September) « 659



First Biopsy

v 1 2 3 £ 5 &
Second Biopsy

Figure 2. Rbrosis progression among 63 hepatitis C virus {HCV}~posi-
tive patients undergoing repeat fiver biopsy. After a mean interval
between biopsies of 4.5 years, 54% showed no change in interval biop-
sies, 14% showed lessened fibrosis, and 33% showed increased fibrosis
by at least 1 stage; § (8%) increased by >2 stages.

When liver histologic findings were compared between biop-
sied subjects who were and those who were not treated,
treated subjects had a higher mean Ishak fibrosis stage (1.65
vs 0.87; P<.01) and HAI {7.90 vs 6.64; P <.01).

Mortality

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

DISCUSSION

Informed decisions for the treatment of chronic HCV infec-
tion require knowledge of the natural history of the disease
because the key issue is not which drug or dosage to use, but
whether treatment is indicated. Given that current treatments
are arduous, expensive, and fraught with adverse events, and
given that fibrosis progression is neither linear nor inevitable,
one has to balance the probability of disease progression
against the near certainty of deleterious drug-induced side
effects. Early retrospective studies overestimated the severity of
chronic HCV infection by focusing on those with established
chronic liver disease 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 donation. Although the study is biased by
limiting enrollment to volunteer blood donors, we believe it
provides a valid model for assessing transmission patterns in
low-risk populations, the rate of spontaneous recovery in im-
munocompetent individuals, and the long-term outcomes of
HCV infection,

Epidemiologic comparisons between RIBA-positive and
RIBA-negative (EIA false-positive) controls demonstrated
striking differences. Although all donors denied IDTJ at the
time of donation, in subsequent private interviews with a phy-
sician, 41% of RIBA-positive donors admitted to IDU at some
point in their life, compared with only 1% of RIBA-negative
confrols; 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 cocaine use was an additional strong inde-
pendent risk factor in a multivariate logistic regression
analysis and in CART and random forest analyses. Although
intranasal cocaine use often overlapped IDU, there were 79
RIBA-positive subjects who snorted cocaine and repeatedly
denied IDU or blood transfusion, and cocaine snorting
remained a strong independent risk in this subset (OR, 8.5;
P <.0001). Although one can never be certain 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 admitted to the shared usc of snorting devices, a pre-
viously implicated risk factor [11, 12); (2) cocaine is known to
denude mucous membranes, allowing direct access to blood
vessels; (3) HCV RNA has been detected in nasal secretions
(13]; (4) approximately 30% of subjects who snorted either ex-
perienced or cbserved nosebleeds during shared intranasal
cocaine use; and (5) anti-HCV positivity was significantly as-
sociated with the duration of cocaine use. Thus, intranasal
cocaine use may be a covert parenteral route of viral transrnis-
sion, a route that might be applicable to human immunodefi-
ciency virus and hepatitis B virus infection, as well as to HCV
infection.

Over a mean interval of 25 years from onset of infection to
liver biopsy, only 14% had severe histologic outcomes, and
only 2% had cirthosis; 85% had no or minimal fibrosis. Other
studies have shown a similarly low proportion of severe histo-
logic outcomes during the first 2-3 decades of HCV infection
[14-17). Further, this low incidence of severe outcomes is a
worst-case scenario because biopsied patients had higher
average ALT levels than nonbiopsied subjects, as there was re-
Iuctance to biopsy the approximate 30% who had normal or
low-level ALT elevations. Thus, although this study has a se-
lection bias based on the propensity to biopsy and treat those
with the most severe clinical or biochemical profiles, this bias
would be in the direction of cbserving more severe histologic
outcomes rather than the relatively mild outcomes actually
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vbserved. If subjects with spontaneous recovery (15%) are fac-
tored into the outcome analysis, the number of acutely infect-
ed patients who progress to severe outcomes would be
proportionately less. However, there is a further caveat to this
outcome analysis. Despite a 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. relatively young and had not reached the 30-40-year
discase duration that seems critical to fibrosis progression in
HCV infection [18}. Indeed, the histologic progression ob-
served between 5-year-interval biopsies in one-third of our pa-
tients portends worse outcomes for some in the ensuing
decades. Nonetheless, it is probable that those who have
shown nio or little fibrosis progression over 25 years will have
a nonprogressive or slowly progressive course that will provide
time for more effective and safer therapies to emerge and
induce sustained virologic responses that appear tantamount
to cure [19]. Clearly, a subset of patients will have progressive
histologic deterioration either becanse treatment was not ac-
cessed or because antiviral therapy failed to achieve a sus-
tained virologic response. Identification of silent HCV carriers
and access to treatment rermain major public health hurdles,
but among treated subjects the number who will not achieve a
sustained virologic response has been reduced dramatically
with the recent licensure of protease inhibitors [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 provide better estimates of clinical and histologie
outcomes after >3 decades of HICV 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 ¢an be in-
creagingly optimistic, the global burden of this disease is
staggering on the basis of the sheer magnitude (estimated 100
million) of those who are already chronically infected.
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We screened 1,200 living heart, tung, 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, chronic infection
developed. This immunocompromised population is at risk
for hepatitis E virus infection.

Hepatitis E virus (HEV) can cause. acute 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 reports of HEV
infection among humans, especially immunocompromised
persons, have been published (Z,2).

Analysis of exposure histories of persons with HEV
genotype 3 infections has demonstrated its underdiagnosis,
and a source was not identified for most cases (3). Because
HEV has been reported as a cause of liver disease in solid
organ fransplant (SOT) recipients (), we screened all
living recipients of SOTs during 2000-2011 at Erasmus
Medical Center, the largest SOT center in the Netherlands,
for HEV RNA. This study was designed to identify SOT
recipients with acute or chronic HEV infection.

The Study

A cross-sectional study was performed of all fiving
adult SOT recipients for whom serum or EDTA-plasma
samples were available in the Erasmus Medical Center
biobank (stored at -20°C and -80°C, respectively, and
collected during previous routine visits to the outpatient
clinic; complete methods are described in detail in
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the online Technical Appendix, wwwne.cde.gov/EID/
pdfs/11-1712-Techapp.pdf). Some 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
transcription PCR (RT-PCR) (5) with primers detecting
all 4 genotypes and validated according to International
Standards Organization guidelines 9001 and 15189 (www.
iso.org/isofsearch.htm). HEV IgM and IgG were detected
by using the PE2 HEV-IgM and IgG ELISA (Wantai
Biological Pharmacy Enterprise Co., Ltd., 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 IgM or IgG
or HEV RNA in sequential samples. Chronic infection
was diagnosed by retrospective testing of stored samples
and defined as HEV RNA positive for >6 months. We
retrospectively tested samples from HEV RNA-—positive
patients so the antibody kinetics and viremia levels could
be studied. For calculating phylogenetic relationships, HEV
open reading frame (ORF) 1 sequences were generated with
primer set MI-C (6). Al viral sequences were deposited
into GenBank (accession nos. JQ015399-JQ015448),

The 1,200 SOT recipients consisted of 259 heart
transplant (HTX), 53 lung transplant (lungTX), 300 liver
transplant (LTX), 574 kidney transplant (NTX), and
14 multiple SOT recipients (4 HTX-NTX, 1 lungTX—
NTX, and 9 LTX-NTX). Twelve HEV-infected patients
were identified: 5 HTX, 1 lungTX, 3 LTX, and 1 NTX
recipients and 2 multiple SOT-recipients {1 HTX-NTX
and 1 LTX~-NTX). For 11 patients, HEV infection was
chronic {Table 1). The medijan age of the HEV-infected
patients was 56.9 years (range 19.9-63.5 years); 9 {(75%)
were men. In 10 HEV patients, immunosuppression was
achieved by using prednisolone and tacrolimus, combined
with mycophenolate mofetil (n = 3) or everclimus (n =
2). Two patients received regimens of cyclosporine and
prednisolone or mycophenolate mofetil and prednisclone.

Table 1. Overview of HEV infections among SOT reciplents, the
Netherlands, 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 300 3(1.0) 3(1.0)
NTX . 574 1{0.2) 1{0.2)
Multiple SOTT 14 2(14.3) 1(7.1)
Total 1,200 12 (1.0} 11.(0.9)

"HEV, hepatitis E virus; SOT, solid organ transplant; HTX, heart
transplant; lungTX, lung transplant; LTX, liver fransplant; NTX, kidney
transplant.

79 NTX-LTX, 4 NTX-HTX, and 1 NTX-lungTx.
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All patients who had chronic 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
aminotransferase. Apparently no overt clinical sympioms
were associated with infection; however, such symptoms
are difficult to recognize in immunosuppressed SOT
recipients, Inflammation compatible with viral hepatitis was
shown in 8 of 9 patients with chronic infection for whom
liver biopsy specimens were available. Other findings
were FO-F2 fibrosis, steatosis 1-2 (Brunt classification),
cholestasis, and Councilman bodies.

Samples from all 12 HEV patients were tested for HEV
RNA and HEV IgM and IgG. One infection was traced to
2003 (ungTX), 1 to 2008 (NTX), 1 to 2009 (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, | LTX recipient had an acute
HEYV infection and cleared the virus within 6 days. Because
HEV IgM and YgG were detected 4 years before HEV
RNA detection, both reactivation and reinfection should
be considered. The median span of HEV RNA-positive
time period of chronic HEV cases was 16 months (range
6-=55) with 2 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 8 patients with chronic illness.

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 time from RNA positivity to IgM detection was
32 days (range 0-826 days). Five patients had detectable
HEV IgM at the time of HEV RNA positivity. In 1 case, no
HEV IgM was detected. HEV IgG titers were detectable
an average of 124 days later than HEV RNA (range
0826 days). HEV IgG was absent in 2 samples, and in
4 samples, HEV IgG was detectable when HEV RNA
was detected. The median time between transplanfation
and first HEV RNA-positive result was —0.3 to 20.0 years
(median 1,99 years).

Viruses isolated from samples from 11 HEV-infected
patients were all within the genotype 3 group. Because no
ORFIb sequences from the Netherlands were available
in GenBank, ORF1b sequences were determined from
samples from non-SOT HEV-infected patients in the
Netherlands (Figure). No indications for a common or
nosocomial source 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
Netherlands. Our 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 screening was performed for 2 reasons.
First, because a patient received immunosuppressive
drugs, specific antibodies against HEV might be absent.
Second, ELISAs have been developed to detect antibodies
to genotypes 1 (Myanmar) and 2 (Mexico) and might not
be sensitive enough to detect antibodies to genotype 3 or
4 (10). Information about results of serologic assays to
validate HEV genotype 3 is limited, and seroprevalence
measured can vary with the assays used (J7-13).
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 (/4) differ greatly. Therefore,
international standardization should be encouraged.

Although the observed 1% of HEV-infected SOT
recipients may seem low, 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 (75); empirical treatment
of these misdiagnoses by raising iramune 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 recipients, the Netheriands, 2000-2011*

Parameier

Median Range ULN (FiM)
Peak alanine aminotransferase, U/L 301 81-909 30/40
Peak aspariate aminofransferase, U/L 172 66-1016 30/36
Peak gamma-glutamil transferase, U/L 299 72-1740 34149
Peak bilirubin, pmolfL 16 5-100 16/16
Peak HEV RNA, cycle threshold values 20.0 16.7-26.6 NA
Period of HEV RNA positivity, mo 16 6-55 NA
Time between SOT and first HEV RNA—positive result, mo 2.0 -0.3t020.1 NA
Time of HEV RNA positivity before HEV igM positive, d 32 0-82¢ NA
Time of HEV RNA positivity before HEV lgG positive, d 124 0-826 NA

*HEV, hepatitis E virus; SOT, solid organ trarsplant; ULN (F/M}), upper limit of normal (female/male); NA, not applicable.
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This study 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 SOT recipients with clevated liver enzymes (alanine
aminotransferase), the diagnosis of HEV infection should
be considered and verified by detection of HEV RNA.

This systematic survey of HEV infections among
SOT recipients in a major transplant center shows that
this population is at risk for HEV infection. Given the
consequences of HEV infection, SOT recipients with liver
function impairment of unknown etiology should be tested
for HEV RNA.
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Occurrence of hepatitis E virus RNA in plasma
donations from Sweden, Germany and the
United States

S. A. Baylis", T. Gartner?, S. Nick', I. Ovemye® & 1. Bliimel' -
Pout-Fhilich-Institut, Langen, Germany

20ctapharma, Frankfurt am Moin, Germany

30ctopharma, Stockholm, Sweden

Dear Editor,

We have investigated 165 010 plasma donations from
Germarny, Sweden and the United States for the presence of
hepatitis E virus (HEV) RNA in plasma mini-pools of up to
96 donations using a proprietary internally controlled real-
time RT-PCR assay; the 95% cut-off of the assay is
~250 TU/ml as determined by dilution of the WHO Interna-
tional Standard for HEV RNA [1]. From Europe, 95 835
Swedish and 18 100 German donations were screened, of
these, 12 Swedish and four German donations were positive
for HEV RNA. Allowing for actual mini-pool size, the rate
of HEV-positive donations was 1:7986 and 1:4525 for the
Swedish and German dounors, respectively. In contrast, no
HEV-positive donations were identified in 51 075 dona-
tions from the United States. Whenever mini-pools were
positive for HEV RNA, individual positive donations were

Table 1 Summary of characterization of HEV RNA-positive plasma donations

® 2012 The Author(s)
Yo Sanguinis © 2012 Internationel Seciety of Biood Transfusion
. D0 10.111/1.1423-0410.2011.01583.x
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resolved and excluded from pharmaceutical production; 12
of the samples were characterized by molecular and sero-
logical analysis (Table 1). Analysis of the HEV strains
revealed genotype 3 in all cases. Genotyping was performed
by amplification of the ORF2/3 region of the HEV genome
using the OneStep RT-PCR kit (Qiagen GmbH, Hilden, Ger-
many) and the forward primer 5-GGGTGGAATGAATAA
CATGT and reverse primer 5-AGGGGTTGGTIGGATGAA
or 5-GGGGCGCTGGGMCTIGGTCACGCCAAG. Amplifica-
tion products were sequenced directly; all sequenced strains
were distinct from each other (accession numbers
IN995562-JN995573). The closest RNA sequence matches
from BLAST searches were between an HEV strain from a
wild boar (accession humber FI705359) and samples 6 and
7 obtained from German donors. Viral loads varied between
~32-57 logp IU/ml HEV RNA and are in a similar range
reported for Japanese blood donors [2]. Anti-HEV IgM and
anti-HEV IgG in the individual donations were determined
using EIAs from Wantai (Wantai, Beijing, China). The
majority of samples were window-period donations. Only
one viraemic sample was positive for Igh, another for IgG
([confirmed by repeat testing using different kit lots). Three
samples were initially reactive; however, repeat testing
using different kit batches gave negative results. Such

Sample cade Iavi® 1gG* ALT® Viral load {logq, IU/mI)® Country of origin
1 +/— - Neg. 322 Sweden
2 + +/— Neg. 326 Germany
3 - - Neg. 535 Germany
4 - — Neq. 439 Sweden

-5 - + Neg. 4-95 Sweden
6 +/— - Elevated 454 Germany
7 - - Neg. 419 Germany
8 - - Neg. 476 Sweden
9 - - Neg, 386 Sweden

10 - - Elevated 4-64 Sweden

" - - Elevated 320 Sweden

12 - - Nea. 568 Sweden

ALT, alanine transaminase.

“Positive samples {+) defined as $/Co 21 (accarding to the kit specifications]; equivacal samples (+/-) gave an 5/Ca 21 on initial round of testing and 5/Co
< 1 on repeat testing using alternative batches of kit. Negative samples {—}. Positive control for IgG was performed using the WHO International Reference

Reagent for anti-HEV [¢G {95/584).
®5 80 1/,

°RNA titres determined by real-time RT-PCR in camparison to the WHO Internationat Standard for HEV RNA - code number §329/10 (1]

8%
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equivoc'al results highlight some of the problems with
standardization of HEV serological assays. Alanine trans-
aminase (ALT) levels were slightly elevated (80-110 IU/1}
in only 3 of 12 viraemic donations tested. This indicates
that screening of blood/plasma by ALT is not a reliable
measure for exclusion of HEV viraemic donors.

Qur results are in accordance with a recent investigation
from the UK detecting 6 of 880 mini-pools {with mini-pool
comprising 48 donors) positive for HEV RNA (3], Consider-
ing a ratio of 1:4525 viraemic donations in Germany, the
limited viraemic titre of some donations, and a size of
~3500 donations per plasma fractionation pool, this could
explain why we found ~10% of large plasma pools for
fractionation from Germany positive for HEV RNA [4]. We
agree with ljaz efal. [3] that such high numbers of
HEV-positive blood donations in Europe suggest many
subclinical infections [5), and the consequences of HEV
contamination of blood and plasma warrants further
investigation.
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Human
Parvovirus 4
infection, Cameroon

Myriam Lavoie, Colin P. Sharp,
Jacques Pépin, Christopher Pennington,
Yacouba Foupouapouognigni, Oliver G, Pybus,
Richard Njouom, and Peter Simmonds

“In a post hoc analysis of samples collected in 2009, we
determined seroprevalence of parvovirus 4 (PARV4) among
elderly Cameroonians. PARV4 seropositivity was associated
with receipt of intravenous antimalarial drugs, intramuscular
streptomyein, of an intramuscular contraceptive, but not
hepatitis C virus seropositivity. Findings suggest parenteral
acquisition of some PARV4 infections.

Human parvovirus 4 (PARV4), also known as
partetravirus, was identified in 2005 from the plasma
of an intravenous drug user (IDU) (7). In separate studies
that used PCR, PARV4 was subsequently documented in
autopsy tissues from [DUs and persons with hemophilia; in
bone marrow aspirates from patients with AIDS; and in the
blood of transplant recipients, hemodialysis patients, and
infants in Ghana (2-3).

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

During 2010, 10 investigatethe epidemioiogy of PARV4
in Africa, we tested for PARV4 antibodies in serum samples
collected during a 2009 study of a defined population of
elderly Camerconians 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 (0—-12), indicating that this population had

Author affiliations: Université de Sherbrooke, Sherbrooke, Quebec,
Canada (M. Lavoie, J. Pépin); University of Edinburgh, Edinburgh,
Scotland, UK {C.P. Sharp, C. Pennington, P. Simmonds); Cenire
Pasteurdu Cameraun, Yaoundé, Cameroon (Y. Foupouapouognignf,
R. Njouom); and University of Oxford, Oxford, UK (O. Pybus)
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been excessively exposed to improperly sterilized syringes
and needles and that the main risk factor for HCV was the
administration of intravenous antimalarial drugs, mostly
before 1960.

The Study

The ethics committees of the Camerconian Ministry
of Health and the Centre Hospitalier Universitaire de
Sherbrooke (Sherbrooke, Quebec, Canada) approved the
2009 study and 2010 follow-up specimen testing. The
study was conducted in Ebolowa, southern Camercon
(10). 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
parenteral treatment for infectious diseases, transfusions,
scarifications, and circumcision. Vaccine scars were .
documented. :

We performed-PARV4 IgG detection on each sample
in replicate by indirect ELISA by using baculovirus-
expressed viral protein 2 and control antigens (8); arbitrary
unit (AU) values were calculated relative fo a control
sample, Because 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 control must be >1.2; ODRs below this threshold were
considered negative.

Serologic assays for HCV and treponemal anfibodies
were described in the original study by Pepin et al. (10). We
deiected antibodies against hepatitis B core antigen (HBcAg)
by using AxSYM {Abbott, Montreal, Quebec, Canada) and
analyzed data by using Stata 10.0 (StataCorp LP, College
Station, TX, USA). Proportions were compared by using
either the y* or Fisher exact test. Variables associated with
PARV4 seropositivity in univariate analysis were tested in
logistic regression models through nonautomated forward
selection, continuing until no other variable reached
significance. Each variable was then eliminated to assess its
effect by using likelihood ratio tests. We retained in the final
mede] variables that enhanced the fif 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-
HBcAg seropositive. Seventy-nine {17.5%) persons carried
PARV4 antibodies.

PARV4 antibodies were more prevalent among persons
6064 years of age than among older persons (Table 1).
Prevalence did not vary by sex or by presence of anti-HCV,
anti-l{BcAg, or treponemal antibodies. The prevalence
of anti-PARV4 increased, but not significantly, with

Emerging Infectious Diseases » www.cde.govieid - Vol. 18, No. 4, April 2012



Table 1. Prevalence of human parvovirus 4 by patient
characteristics, Cameroon, 2009*

No. virus positive/ p

Characteristic no. tested (%)  value
Age,y 0.04
60-64 321125 (26)
6569 13/96 (14)
70-74 177103 (17)
>75 17127 (13)
Sex 0.15
M 25178 (14)
F 541273 (20)
HCV serclogic results 0.61
Negative 29178 (16)
Positive 47/252 (19}
Anti-HBcAg 1.00
Negative 3121 (14)
Positive 76/430 (18)
Treponemal antibodies 0.06
Absent 28119 (24)
Present 51/332 (15)
Infravenous ireatment for malaria 0.04
No 29/216 (13)
Yes 50/235 (21)
Intravenous treatment for other diseases 0.93
No 421239 (18)
Yes 371212 (17
No. past intravenous ireatmenis 0.38
0 12/88 (14}
1-3 33/206 (16)
>4 251118 (22)
Unknown 9/41 (22)
Tuberculosis 0.04
No 721433 (17)
Yes, freated with oral drugs only 4112 (33)
Yes, freatment included 3/6 (50)
streptomycin :
Transfusion 0.08
No . 761408 (19)
Yes 343 (N
Depo-Provera injectionst 0.008
No 50/268 {19)
Yes 4/5 {(80)
Scarifications 0.88
No 30185 (18)
Yes 49/286 (17}
Vaceine scar, left arm 0.005
Absent 17153 (32)
Present 61/397 (15}
Vaccine scar, right arm 0.76
Absent 271165 (16)
Present 51/284 (18)
Circumcision {males only) 0.74
Medical 973 {(12)
Traditional 16/105 (15}

*HCV, hepatitis C virus, HBcAg, hepatitis B core antigen.
1Pharmacia & Upjohn Company, New Yok, NY, USA.

exposure 10 intravenous treatments in general. Receipt of
intravenous antimalarial drugs was associated with PARV4
seropositivity, which was also more frequent among persons
treated for tuberculosis and among the few women who
had received injections of the contraceptive Depo-Provera
(Pharmacia & Upjohn Company, New York, NY, USA),
PARV4 seropositivity was not associated with treatments
delivered by injection against yaws, syphilis, leprosy; or

Ermerging Infectious Diseases - www.cdc.govleid - Vol. 18, No. 4, April 2012
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frypanosomiasis (datanot shown) or with sexually transmitted.
infections. PARV4 seropositivity was less common among
persons who had a vaccine scar on the left arm.

In  multivariate analysis (Table 2), PARV4
seropositivity was associated with younger age, intravenous
receipt 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-Provera
injections were associated with PARV-4 seropositivity
among women (adjusted odds ratio 17.27, 95% CJ 1.57—
189.78; p=10.02).

To confinm that associations were not biased by
assay sensitivity, we conducted a secondary analysis that
excluded 81 borderline PARV4-negative persons (AU >0.5
and ODR <1.2) and 35 borderline PARV4-positive persons
(AU 0.5-2.0, ODR >1.2) (Table 2). The same factors
as in the main analysis were associated with PARV4
seropositivity; receipt of intravenous antimalarial drugs
was not significant in the smaller sample.

Conclusions )

We retrospectively analyzed samples obtained during
a study of elderly Camerconians from an area where FICV
infection was hyperendemic and in which we had collected
much information about potential parenteral modes of
transmission of blood-borne viruses but less information
about other routes ({(). 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 sercconversions are comparable to those of PCR-
based methods for determining active infections and past
exposure (7-9,/3). Exclusion of samples showing low
antibody levels that might represent nonspecific reactivity
had little effect on the analysis of risk factors.

The results provide some evidence for parenteral
transmission of PARV4 in the study community. As was
HCV infection (10), 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. In 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 intravenous treatments in general, this finding was
not statistically significant because antibodies against
PARV4 were common among persons who reported no
such treatments, This finding, and the lack of association
between PARV4 and HCV seropositivity, suggests that
other, nonparenteral modes of transmission existed,
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Table 2. Correlates of study participants and human parvovirus 4 infection in multivariate analysis, Cameroon, 2008

All participants After exclusions™

Participant characteristic Adjusted odds ratio (95% CI p value Adjusted odds ratio {85% Cl}  p vaiue
Age group, ¥

60-64 2.21 (1.13-4.31) 0.02 2.88(1.18-7.17) 0.02

65-69 1.01 (0.46-2.24) 0.98 1.20 (0.39-3.70) 0.76

70-74 1.16 (0.54-2.46) 0.71 1.51 (0.55-4.16) 0.42

>75 1.00° 1.00
Tuberculosis

No 1.00 1.00

Yes, treated with oral drugs only 2.09 (0.58-7.54) 0.26 2.91 (0.63-13.51) 0.17

Yes, treatment included streptomycin 5.21 {0.99-27.37) 0.05 20.96 (1.67-262.99) 0.02
Vaccine scar, left arm

Absent 1.00 1.00 :

Present 0.37 (0.19-0.71) 0.003 0.32 (0.13-0.78) 0.01
Intravenous treatment for malaria 0.06

No 1.00 1.00

Yes 1.92 {1.13-3.24) 0.015 1.98 (0.974.03) 0.06

*After exclusion of 81 parlicipants with borderline negative resuits and 35 with borderiine positive resulls.

PARV4 seropositivity was more commoen in persons
60—64 years of age than in older persons. This finding has
3 potential explanations. First, exposure to the virus might
have fluctuated over time. Second, titers of antibodies
against PARV4 might progressively wane, eventually
leading to false negative results. Third, PARV4 infection
might increase long-term risk for death, although this
explanation seems unlikely.

Absence of avaccine scar on the left arm was associated
with PARV4 seropositivity. Historical and epidemiologic
data suggest that in Cameroon, the left side was used for
smallpox vaccine and the right side for Mycobacterium bovis
BCQG (14,15). Failure of scar development after smallpox
vaccination might reflect immunologic characteristics
associated with greater susceptibility to PARV4 infection.

Our findings suggest that some parenteral transmission
of PARV4 occurred among elderly Cameroonians, but
parenteral transmission might not have been the main
route of infection. The association with past tuberculosis,
although perhaps coincidental, is intriguing and deserves
further study.

Initial data collection was fonded by the Canadian Institutes
for Health Research. The current work was supported solely by
funding from The Roslin Imstitute, University of Edinburgh,
Scotland, UK.

Dr Lavoie is a senior resident in infectious diseases and
medical microbiology at the Université de Sherbrooke. Her
principal research interest is the epidemiology of bleodbome
viruses in Cameroon.
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TRANSFUSION COMPLICATIONS

Virologic and clinical features of primary infection with human
parvovirus 4 in subjects with hemophilia: frequent transmission
by virally inactivated clotting factor concentrates

Colin B Sharp, Alice Lail, Sharyne Donfield, Edward D. Gomperts, and Peter Simmonds

BACKGROUND: Human parvovirus 4 (PARV4) is a
newly discovered parvovirus prevalent in injecting drug
users and other groups with histories of parenteral
exposure including persons with hemophilia exposed to
non-virally inactivated clotling factor concentrates. To
fnvestigate its potential ongoing transmission to persons
with hemophilia treated with plasma-derived, virally
inactivated cloiting factors, we screened a large cohort

to PARVA4 over a 5-year observation period.

STUDY DESIGN AND METHODS: Samples from 185
persons with hemophilia enrolled in the Hemophilia
Growth and Development Study cohort were scregned
for PARV4 antibedies at the start and end of a §-year
period of treatment with exclusively virally inactivated
clotting factor concentrates. Samples collected at inter-
mediate time points from subjects seroconveriing over
the study petiod were screened to narrow down the
seroconversion time and investigate immunoglebulin
fighv responses, duration of acute viremia, and clinical
presentations.

RESULTS: PARV4 seroprevalence at the outset of the
study was 44%. Over the observation peried, nine sub-
jects (seven human immunodeficiency virus positive)
seroconverted for anti-PARV4 (incidence, 1.7%/fyear),
Infected subjects showed relatively prolonged durations
of viremia (mean, 7 months) and weak, transient IgM
responses during acute infections. Clotting factors inac-
tivated by solventdetergent or by wet or dry heat were
infectious. The most commen clinical presentations
were rashes and exacerbation of hepatitis.
CONCLUSION: This study identifies PARV4 as a
ransfusion-transmissible agent that is resistant to viral
inactivation. Of concern, infections may still regularly
oceur in those exposed to plasma-detived blood prod-
ucts. Urgent evaluation of the incidence of PARV4 in
treated individuals and disease associations of PARV4
infections is required.

of persons with hemophilia for antibody seroconversion
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new parvovirus was recently identified by
molecular virus discovery methods from
plasma from a human immunodeficiency
virus (HIV)-infected injecting drug user (IDU).!
Genetically, the virus termed human parvovirus 4 (PARV4)
was found to be distinct from existing genera within the
family Parvoviridae, although viruses showing 61% to 63%
sequence similarity to PARV4 have since been described in
pigs and cows.? It has recently been proposed to assign all
of these viruses as members of a new parvovirus genus,
Partetravirus. PARV4 is now one of four parvoviruses
known to infect hurnans. Others include the erythrovirus,
B19V, ransmitted by respiratory routes, highly prevalent, -
and generally associated with mild disease on acute infec-
tion. Adenoassociated viruses, which are acquired fre-
quently during childhood, persist lifelong but are thought

ABBREVIATIONS: HGDS = Hemophilia 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 respiratory disease in chil-
dren (reviewed in Allander et al?), while the genetically
distinct Types 2 through 4 are more typically recovered
from fecal samples and may be an additional cause of
enteric disease in children and adults.*®

Several investigations, subsequent to the discovery
of PARV4, have established that infections with PARV4
are likely acute resolving without long-term viremia.
However, as also described for B19V and adenoassociated
viruses,®® viral DNA sequences can be detected in tissues
likely lifelong after exposure®! The epidemiology and
transmission of PARV4 differs strikingly from other par-
voviruses. Through the use of autopsy tissue to record past
infection, high rates of PARV4 exposure were identified
among IDUs in the United Kingdom and Italy *!12 Infec-
tion frequencies were higher in those who are HIV sero-
positive but almost absent in low-risk, hepatitis C virus
(HCV)-negative/HIV-negative control populations.

To facilitate further investigations of PARV4 exposure,
we developed a serclogic assay for PARV4 antibodies,
using baculovirus-expressed VP2 proteins as antigen in an
indirect enzyme-linked immunosorbent assay (ELISA).P
Larger-scale screening confirmed associations between
PARV4 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
absence in the generai, low-risk population. This study
also presented the first evidence for PARV4 infection
through the use of clotting factor concentrates; 15 from 35
persons with hemophilia exposed to non-virally inacti-
vated Factor VIII/IX concentrates were PARV4 seroposi-
tive, in contrast to only 1 from 35 sibling centrols
occupying the same household.

Although the epidemiology of PARV4 in Western
countries is relatively well established, PARV4 infections
are much more common and likely transmitted by differ-
ent routes in sub-Saharan Africa. A high rate of PARV4
viremia likely associated with primary infection was
recorded among children aged between 1 and 2 years in
rural Ghana.! Using the VP2 serology assay, we recorded
seroprevalences of 25% to 37% in the Cameroon, Burkina
Faso, and Democratic Republic of the Congo.'* A more
recent study described a 10% anti-PARV4 seroprevalence
among children with a mean age of 4.5 years in Southern
India; acute infections of two individuals in the latter
study were associated with severe encephalitis, represent-
ing an Important although likely rare potential disease
association of PARV4.®

Given the evidence for a predominantly parenteral
route of PARV4 infection in Western countries, we have
quantified the risk of infection through treatment of
persons with hemophilia with plasma-derived blood
products previously shown to be the sowrce of widespread
infection with HIV-1 and HCV in this patient group.

TRANSMISSION OF PARV4

Samples collected at the start and end of a 5-year obser-
vation period were assayed for anti-PARV4 to identify indi-
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 narrowed down in seroconverting over the study
period. The virologic and clinical analysis of the infection
events, along with analysis of the types of clotting factor
administered provided a detailed characterization of the
infection risk of PARV4 in this vulnerable patient group
and its clinical outcomes.

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. All HGDS
study subjects with hemophilia had used non-virally inac-
tivated clotting factor concentrate at some time before
enrolment. Nine or more infusions over that period, or
100+ U/tkg body weight of factor per year over the 2 years
were required 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 used for the
initial screening and samples from intermediate time
points of approximately 6-month intervals were obtained
from subjects showing evidence of PARV4 immunoglobu-
lin (Ig)G seroconversion. Follow-up history was collected
and a physical exam conducted at §-month intervals,
These were focused on physical growth and development,
immunologic, neurelogic, and neuropsychological func-
tioning. Blood samples were collected at each of these
visits, portions of which were placed in a central reposi-
tory for subsequent testing. The huinan 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
from 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 previously described ELISA
protocol and analysis variables® based on recombinant
PARV4 capsid protein produced in a baculovirus expres-
sion system. Anti-PARV4 IgM was measured using a modi-
fication of the previously described protocol in which the
anti-human IgG:horseradish peroxidase (HRP) conjugate
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was replaced with a goat anti-human
IgMEHRP  conjugate (AbD  Serotec,

TABLE 1. PARV4 serologic status at start and end of study period®

Oxford, UK). The IgM assay cutoff was PARVY statust

calculated as for the IgG assay™ (optical Subjects Positive/positive Negative/positive Negative/negative
density [OD) of the mean plus 2 stan- T°§_Ia]‘v_p°5itiva g:f E:g% ?%g)) 12}5 53
dard deviations of negative controls HIV-negative 23 (38) 2 (3) 36 (59)

[IgG-negative, low-risk group)).

* Data are reporied as number (3).
+ PARV4 serologic staius at start/end of study period.

Detection of PARV4 DNA by
polymerase chain reaction

DNA was extracted from 200 ul of serum using a DNA
blood mini kit (QIAamp, Qiagen, West Sussex, UK)
according to manufacturer's instructions. Samples were
screened using a nested polymerase chain reaction (PCR)
for PARV4 DNA and other members of the Partetravirus
genus, including all currently identified PARV4 genotypes
to single copy sensitivity. First-round reactions were per-
formed with 5 pL. of extracted DNA using reagents {GoTag,
Promega, Southampton, UK) according to manufacturer’s
instructions with the outer primer pair (PARV4 OS5 TGA
AYC AGA CCT TGA RCG SCC and PARV4_0AS CCM CCH
AWC CAY TGA GCT TTW ACT TT). Second-round reac-
tions were performed using 1 pL of first-round product as
template and the inner primer pair (PARV4_IS TAY AAT
TAT GTT GGT CCT GGT AAT CC and PARV4_IAS GGT AAR
ACC TGY GAW ADT TGA ACA TC). Semiquantitation of
viral DNA 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 formula.!®

Direct sequencing of PCR products and
sequence analysis

Positive second-round PCR amplicons were 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
{BigDye Terminator v3.1, Applied Biosystems, Paisley, UK)
according to manufacturer's instructions. Sequences were
read at The Gene Pool facility (University of Edinburgh,
Edinburgh, UK) and analyzed using computer software
(SSE v1.0, B Simmonds, Edinburgh, UK).

RESULTS

HGDS cohort

A total of 194 subjects with hermophilia were sampled at
6-month intervals over a 5-year period between 1989 and
1994, Subjects were 7 to 16 years on entry, and all had
received non—virally inactivated clotting factor concen-
trate before enrollment. A total of 133 (69%) were serop-
ositive for HIV-1, and all but four were seropositive for
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HCV at enrollment. 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 significantly associated with HIV infection, 61
from 133 {46%) HIV-positive subjects were anti-PARV4
positive compared to 23 from 61 (38%) of HIV-negative
subjects (p = 0.35 by Fisher's exact test; not significant}.

Infection with PARV4 during study period

Samples collected at the end of the 5-year study period,
during which time all subjects received only virally inacti-
vated clotting factor concentrates, were similarly screened
for PARV4 antibodies to identify further PARV4 infections.
All subjects considered seropositive for PARV4 at the start
of the study remained seropositive. However, of the ini-
tially anti-PARV4-negative group, nine subjects became
anti-PARV4 positive (Table I). Of these, seven were HIV
positive 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 ranging from 0.5 to 2 units. As other tésts
were negative, these four subjects have been considered to
be uninfected for the purpose of analysis. No seroconver-
sions for HIV-1 occurred over the study period.

From the nine subjects showing evidence of primary
infection, 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
subjects (Fig. 1). Samples from or immediately preceding
the time of seroconversion were analyzed for anti-PARV4
VP2 IgM. Two of the HIV-positive subjects (subjects “B” and
“E") showed a clear [gM reactivity concurrent with the first
IgG-positive sample. The short-lived nature of the IgM
response was confirmed by testing samples collected at
subsequenttime points from the positive individuals, all of
which were found to show no reactivity.

Direct detection of PARV4 viral DNA by PCR

To estimate the duration of PARV4 viremia during acute
infection, DNA extracted from the senumn of seroconvert-
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TABLE 2. Time course for anti-PARV4 seroconvetsion and other markers of acute infection during study period
’ PARV4 IgG arbitrary PARV4 IgM OD Viral titer
Subject Exam date units (cutoff 0.5) ratio {cutoff 1.3) PARV4 PCR (DNA copies/mL)
A July 1889 0.03 ' NT NT
March 1990 0.00 NT -
October 1980 0.00 0.09 + 104
March 1991 4B.55 1.03 -
July 1991 32.66 NT - NT
B May 1989 0.00 NT NT
October 1988 0.20 NT NT
May 1990 0.00 1.00 .-
November 1980 30.87 1.44 + 10°
May 1991 100.00 0.99 -
c June 1989 0.00 1.12 . -
January 1990 64.28 1,22 + 104
November 1990 100.00 NT -
August 1991 100.00 NT NT
D . July 1989 0.15 NT NT
May 1990 6.00 NT NT
September 1990 0.00 NT -
March 1991 0.00 1.10 + 10
October 1991 100.00 1.01 -
E March 1950 0.18 NT NT-
August 1990 0.00 1.03 -
April 1991 29.47 1.67 + <1p?
Qctober 1991 24.42 0.92 -
Apiil 1992 27.30 NT NT
F May 1989 0.00 NT -
December 1989 0.12 1.08 -
June 1890 18.22 1.18 + <10®
October 1920 516 NT -
June 1991 3.14 NT NT
G July 1992 0.24 NT -
Dacember 1892 0.00 1.00 + <10
August 1993 100.00 1.05 + <10?
June 1994 95.10 NT -
H September 1992 0.00 1.16 -
March 1993 27.77 1.14 + 109
September 1993 28.55 NT -
September 1994 18.76 NT NT
| January 1990 0.2 NT NT
June 1890 0.22 1.21 -
February 1991 48.99 1.01 + 108
June 1991 78.69 NT -
December 1991 76.79 NT NT
NT = not tested.

ing subjects was ‘screened by nested PCR. As with IgM
screening, samples from and immediately preceding
seroconversion were screened. Viral DNA could be
found in all of the seroconverters. In six of the nine
PCR-positive subjects, the sample from the time of sero-
conversion was positive; in two of the nine, the sample
immediately before the conversion sample was positive;
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 demonstrat-
ing that these further samples were all negative,

Amplicons from PCR-positive subject samples were
sequenced using both second-round primers. All samples
were confirmed to be PARV4 and identified as Genotype 1
(Subjects E G, and H) and Genotype 2 (Subjects A-EandT).
Viral titers were assessed 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 sampling intervals in the study,
intense viremia was detected in two of the seroconverting
subjects (Subject D, 10'® DNA copies/mL; Subject H, 10°
DNA copies/mL}).
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Clinical presentations concurrent with
PARV4 infections

Treatment histories, blood chemistry, and clinical data
from physical examinations 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 months before serocon-
version were associated with PARVY4 infection, including
both scivent/detergent (S/D)- and heat-treated materials.
The absence of HIV-1 seroconversions over this period is
consistent with a greater resistance of PARV4 to the virus
inactivation methods used in this period.

Persons with hemophilia presented with a range of
symptoms and signs during the period of anti-PARVA
seroconversion. For the HIV-positive subjects, many of
these likely relate directly to comorbidities associated 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.). Disregard-

100

10 1

Antibody level (Units)

1
Cutoff (0.5)

0.1

1991  tg92 1993 1994

Sample Date (calendar year)

0.01 T
1989 19590 1995

Fig. 1. Antibody levels in sequential samples. PARV4 anti-VP2
levels in sequential samples from the nine seroconverting
subjects. Subjects A through F and I were HIV infected; the
later seroconversions (H, G} were HIV uninfected.

ing these, the only repeatedly observed clinical presenta-
tions were rashes (Subjects D, E and I) and unexplained
hepatitis in the two HIV-negative subjects, Subjects G and
H, although these were not associated with significant
elevation in alanine aminoiransierase or aspartate arni-
notransferase levels during the period of acute PARV4
infection (alanine aminotransferase values of 18, 26, 18,
and 17 international units ([Us]/mL for the four test
samples listed in Table 2 from Subject G and 58, 98, 85,
and 34 IU/mL for the four listed samples from Subject H).
No clinically presenting cases of meningitis or encephali-
tls or neurologic abnormalities (other than associated
with hemophilia complications) were found in the cohort.
No 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.virus-evolution.org/Downloads/ Trans-2011-0495/).

DISCUSSION

This study documents, for the first time, the occurrence
and virologic features of acute infection in persons with,
hemophilia with PARV4 during a period when treatment
was restricted to virally inactivated clotting factor concen-
trates, Both the initial seroprevalence (43%) and the mea-
suwred incidence of infection over this period (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 controls®® that can
best be explained 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
from PARVZ along with contro] antigens from mock-
infected Spodoptera frugiperda 9 cells creates a resilient
serclogic assay with low levels of nonspecificity, as dem-

TABLE 3. Clinical background and presentations at ptimary infection

Subject Blood product type™ Inactivationt HIv Prasentation}

A M1 DH Positive Sore throat, fever

B M2 and M3 SD/WH Positive Enlarged LNs (also pra)

c M4 WH Pasitive Enlargad LNs

3] NR-Al SD or WH Positive Rash, shingles

E NR-heat treated WH or DH Positive None

F M5-Al sSD Paositive Rash, enlarged LNs (also pre)
| M4 WH Positive Rash {also pre), pneumonia
G M1 and M3 WH Negative Hepatitis exacerbation

H M8&-Al and M1 SDAWH Negative Hepatitis exacerbation

Manufacturer code (M1-M8; NR = not recorded) and type of clotting factar concentrate administered in the 6 months before seroconver-
gion for PARV4. Al = monoclonal antibody affinity isolaled preparations.

1 Inactivation method used: DH =dry heat {typically 80°C); WH = wet heat {pasteurization; typically 60°C); SD = S/D inactivation.

1 Clinical presentation in examination at first time point after seroconversion for PARV4. LNs = 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
period in two 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 both
linear and conformational epitopes exposed during
PARVA infection.

The association of seroconversion with intense PARV4
viremia recapitulates what occurs during primary infec-
tions with the erythrovirus B19V. For the latter, virus levels
peak over a period of aweek 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 10° IUs/mL. Although the relatively wide spacing of
study samples precluded 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 more with lower levels (<10%-10*
copies/ml) is consistent with the pattern of intense
viremia and relatively slow resolution observed 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
viruses, 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’ blood
products at that time. While it might be anticipated that
PARV4, along with B19V and hepatitis A virus, might be
resistant to S/D-based inactivation methods, PARV4 was
additionally resistant to pasteurization and other heat
treatments, Without knowing the viral loads of PARV4 in
the source plasma used to make the various blood prod-
ucts, it is difficult to conclude whether these viral inacti-
vation steps reduced PARV4 infectivity. An incidence 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 enrolment of 11.5
years, this amounts to an annualized incidence of 3.7%,
over twice that observed in the study peried (1.6%).
However, contributing to the lower incidence in the study

TRANSMISSION OF PARV4

period may have been reductions in the numbers of
PARV4-viremic donors, coinciding with the introduction
of screening for HIV-1 screening and latterly for HCV, both
associated with IDU risk behaviors shared with PARVA.
Viral inactivation steps have therefore led to, at best, a
modest reduction in the infection risk of plasma-derived
clotting factors for PARV4.

The inactivation resistance of PARV4 resembles that
of B19V, where treatment-associated infections have con-
tinued throughout the period of use of virally inactivated
clotting facters. Both B19V and canine parvovirus used a
model virus in previous virus inactivation experiments
that has been previously shown to be resistant to S/D
inactivation methods and moderately resistant to heat
inactivation.??® For B19V, the only effective step to
prevent transmission is screening source plasma units for
B19V DNA, thereby preventing high-titer donations from
contamination plasma pools used subsequently for
manufacturing, restricted in Europe to 10* [Us/mL.>

The ongoing risk of transmission of PARV4 to recipi-
ents of blood and blood products requires 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
drug use), its cooccurrence with HCV and HIV-1 infections
that would lead to 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
peiiod). Although much of the information required for
this risk assessment is currently undetermined (particu-
larly donor incidence and viral loads), detection frequen-
cies of PARV4 DNA in recently collected commercial
source plasma pools from several sources have been
found to be relatively low (4%; 14 from 3512} and generally
with low viral loads (<200 DNA copies/mL}. PARV4 DNA
similaily 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 PARV4 DNA positive. %

On the other hand, increased infectivity may origi-
nate from a likely much lower frequency of comanufac-
tured PARV4 antibody—positive plasma units. In the case
of B19V virus neutralization has been considered an
important factor in restricting the infectivity of both
pooled plasma and blood products to those with relatively
high viral loads (>107 IUs/mL?). This protective effect may
not extend to a plasma-donating population with a jow
seroprevalence of anti-PARV4,

The final factor in the evaluation of PARV4 as a poten-
tial threat to blood product safety is its capability for
causing disease in acutely or chronically infected indi-
viduals. Acute infections have been particularly problem-
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atic to investigate; those few that have been identified to
date were usually HIV coinfected with a series of comor-
bidities that complicate clinical assessments.19 It is diffi-
cult to draw analogies with other parvoviruses because
their clinical presentations vary considerably; B19V
causes mild disease and rash, but can cause fetal damage
as well as aplastic anemia in those with existing hemato-
logic disease. In contrast, the recently discovered human
bocaviruses 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
t0 be firmly established. Certainly, despite close and life-
long clinical monitoring, no similar occcurrences of neuro-
logic presentations have been recorded in persons with
hemophilia who have been exposed to PARV4, although as
described, coinfection with HIV-1 may complicate clinical
assessments. Given the extremely high incidence of PARV4
infection in young children in sub-Szharan Africa and
likely Southern and Southeast Asia, severe neurologic
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 lymphadenopa-
thy and possibly rash were potentially HIV related. It was,
however, intriguing to note the occurrence of acute hepa-
titis in the two HIV-negative subjects at the time of
primary infection. While PARV4 DNA sequences have
been detected in liver and the virus may be hepatotropic,”
it is possible that hepatitis symptoms originated 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 blood
products; determining the frequency with which this
occurs and disease associations of PARV4 during primary
and long-term infection both require 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 Virus

Outbreaks (/flu/swineflu/hanav-outbreak.htm) for the most recent information related to
H3aNav.

Today, CDC is reporting 12 additional cases of H3N2 variant virus (H3N2v) infection, as
well as the first H3N2v-associated death, which was reported by the state of Ohio. The
death occurred in an older adult with multiple underlying health conditions
(/flu/about/disease/high_risk.htm) who reportedly had direct exposure to pigs in a fair setting.
‘While limited person-to-person spread of this virus has been detected and likely continues
to occur sporadically, no sustained community transmission has been found. CDC is
monitoring this situation and working with states to respond to these evolving outbreaks.
The agency continues to urge people at high risk from serious flu comphcatlons to stay away
from pigs and pig arenas at fairs this sumumer. :

"We're saddened to hear about the death of one person in Ohio associated with the current
H3aN2v outbreaks," says CDC’s Dr. Lyn Finelli. "Like with seasonal flu, we have been — 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 contact
with pigs or visit pig arenas at fairs this summer." Dr. Finelli is Lead for 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 asthma, 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 avoid pigs and pig arenas at fairs, but they
should also seek prompt medical attention if they get flu-like symptoms, especially if they
have pig exposure, but even in the absence of pig exposure," Finelli says.

CDC has issued information for clinicians on HaN2v (/flu/swineflu/hanav-clinician.htm) ;

guidance which underscores the importance of rapid antiviral treatment of influenza,
including H3N2v virus infection, in high risk patients. The H3N2v virus is susceptible to the
influenza antiviral drugs oseltamivir (Tamiflu ®) and zanamivir (Relenza ®).

For seasonal flu, CDC recommends {/flu/takingeave.htm) that it is best that people with high

risk conditions who develop flu-like symptoms 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 illness that could
result in a hospital stay or even death," says Finelli. "This message is critical not only for
people who are at high risk, but for America’s doctors who are treating these patients. We
want their suspicion for H3N2v to be high right now. Ask patients with influenza-like-

http:/f'www.cde.gov/flu/spotlights/h3n2v-more-cases.Mm 2012/09/10
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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 H3N2v case count table (/flu/swineflu/hanav-case-count.htm) .

Symptoms of H3N2v have been consistent with seasonal influenza and can include some or
all of the following: fever, cough, sore throat, runny 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
systems, 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 2011, 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/han2v-audiences.htm) .

CDC also has developed supplemental H3N2v guidance for schools {/flu/swineflu/h3nov-
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 H3N2v, particularly in schools
or day cares, may occur as the weather turns colder and schools across the country are
underway. "The guidance 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: Centers for Digease Control and Preventlon, National Center for Immumzatlon and Respiratory Diseases (NCIRD)

Centers for Disease Control and Prevention 1600 Clifton Rd. Atlanta, GA 30333, USA
800-CDC-INFO._(800-232-4636) TTY: (888) 232-6348 - cdcinfo@ede.gov

http:/fwww.ede.gov/fiu/spotlights/h3n2v-more-cases.htm 2012/09/10
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During June—August 2012, Mexico's National Service for Health, Safety, and Food Quality
reported outbreaks of highly pathogenic avian influenza (HPAI) 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 HPAIL A (H7N3) virus
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 clinic in Jalisco. Physical findings included redness, swelling, and
tearing. Conjunctivitis was diagnosed; the patient was treated symptomatically and
recovered fully. Because 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 (fRT-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 isolated 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 nucleotide sequence to previously reported
HPAI A (H7N3) viruses collected during poultry outbreaks in Jalisco with sequences
available in GenBank (JX397993, JX317626).

Patient 2. A man aged 52 years, 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 symptomatically 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). '

Mezxico 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 iliness at two
sentinel sites near the outbreak.

Avian influenza A viruses are designated as HPAI 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 (3). To date, only influenza A (Hs) and (H7) subtypes have
been described as HPAI Influenza A (H7) subtype viruses have been detected in wild birds
in many parts of the world and can cause outbreaks in poultry. Influenza A (H7) infection in
humans is uncommon, but can occur after direct contact with infected birds, especially

http:/www.cde.govimmwr/preview/mmwrhtml/mmé136a4.him?s_cid=mm6136ad_w 2012/09/27



Notes from the Field: Highly Pathogenic Avian Influenza A (H7N3)} Virus Infection in Two Poultry Workers — Jalisco,.., 2/3 AR—32

during outbreaks of influenza A (H?) virus among poultry (4). Illness can include
conjunctivitis without fever, upper respiratory tract symptoms, or both (4,5), and severity
can range from mild to fatal (). 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 infection are known to have occurred in humans,
both of whom recovered (6,7).

The conjunctivitis cases in Jalisco most likely represent HPAI A (H7N3) virus transmission
from infected poultry to humans 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 poultry 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). Clinicians 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 virus 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
fransmission.
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Since 1999, more than 30,000 people in the United States
have been reported as getting sick with West Nile virus.
Infected mosquitoes spread West Nile virus (WNV) that can
cause serious, life altering disease.
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2012 West Nile virus update: as of August 14

Thus far in 2012, 43 states have reported West: Nile virus infections in people, birds,
mosquitoes. A total of 693 cases of West Nile virus disease in people, including 26
deaths, have been reported to CDC. Of these, 406 (59%) were classified as
neurcinvasive disease {such as meningitis or encephalitis) and 287 (41%) were class
as non-neuroinvasive disease.

7

The 693 cases reported thus far in 2012 is the highest number of West Nile virus dise
cases reported to CDC through the second week in August since West Nile virus was 1
detected in the United States in 1993. Over 80 percent of the cases have been report
from six states (Texas, Mississippi, Louisiana, Oklahoma, South Dakota, and Californi
and almost half of all cases have been reported from Texas.
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BLOOD DONORS AND BLOOD COLLECTION

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 Y. Dodd, Lourdes M. Tirado-Marrero, Elizabeth Hunsperger, '
Gilberto A. Santiago, Jorge L. Mufioz-Jordan, and Kay M. Tomashek

BACKGROUND: In 2007, a total of 10,508 suspected
dengue cases were reported in Puerto Rico. Blood .
. donations were tested for dengue virus (DENV) RNA
and recipients of RNA-positive donations traced to
assess transfusion transmission.
STUDY DESIGN AND METHODS: Blood donatfon
samples from 2007 were maintained in a repository and
tested individually for DENV RNA by transcription-
mediated amplification (TMA); a subset was further
tested by an enhanced TMA (eTMA) assay. TMA-
reactive samples were considered confirmed if TMA
(including eTMA) was repeat reactive (RR). All TMA-RR
samples were tested by quantitative, DENV type—
specific reverse transcriptase—-polymerase chain reac-
tion {RT-PCH) and for anti-DENVY immunoglobulin (Ig)M
by enzyme-linked immunosorbent assay. Samples posi-
tive by RT-PCR were further tested for infectivity in
mosquito cell culture. Paiients recelving componenis
from TMA-RR donations were followed.
RESULTS: Of 15,350 donation samples tested, 29
were TMA-RR for a prevalence of 1 per 529 (0.19%).
DENV Types 1, 2, and 3 with viral titers of 10° to 10°
copies/mL were detecled by RT-PCR in 12 samples of
which all were infectious in mosquite culture. Six
TMA-RR samples were IgM positive. Three of the 28
recipients receiving TMA-RR donations were tested.
One recipient in Puerto Rico transfused with red bloed
cells containing 10° copies/mL DENV-2 became febrile
3 days posttransfusion and developed dengue hemar-
rhagic fever. The recipient was DENV-2 RNA positive
by RT-PCR; both the donor and the recipient viruses
had identical envelope sequences.
CONCLUSIONS: High rates of viremia were detected in
blood donors in Puerto Rico coupled with the first docu-
mented transfusion transmission of severe dengue
disease, suggesting that furiher research on interven-
tions is needed.

engue is a disease caused by four related RNA

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.>® Each
DENV type is capable of causing the full spectrum of
disease from nonspecific, acute febrile illness to severe
disease including dengue hemorrhagic fever (DHF) and
dengue shock syndrome. Approximately 5% of patients
with dengue develop severe disease, which is thought to
occur more commonly among those with second or
subsequent infections.” Infection with one DENV-type
produces lifelong immunity against that DENV-type
and short-term (=2 months} cross-protection against

ABBREVIATIONS: ARC = American Red Cross; DENV(s) =
dengue virus{-es); DHF = dengue hemorrhagic fever; ED =
emergency department; eTMA = enhanced transcription-
mediated amplification; IR = initjally reactive; MAC-

ELISA = immunoglobulin M-capture enzyme-linked
immunosorbent assay; PDSS = passive dengue surveillance
system; RR = repeat reactive; 8/CO = signal to cutoff;

TMA = transcription-mediated amplification.
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infection with the other three DENVs.237 Therefore, an
individual may have up to four DENV infections in their
lifetime.

DENVs are primarily transmitted from person to
person through the bite of an infected Aedes aegypti or
Aedes albopictus mosquito.? DENV replicates in humans
for 3 to 14 days before symptom onset, Infected persons
can transmit DENV t0 mosquitoes as early as 1 to 2 days
before symptoms develop and throughout the approxi-
mately 7-day viremic period.? Because of this, and the fact
that viremia can be high titer (in excess of 107 viral RNA
copies/mL} even among those who remain dsymptom-
atic, DENV may be transfusion transmitted.’*2 Cases of
dengue after receipt of blood products or donor organs or,
tissue and after occupational exposure in a health care
setting have been reported.*Y However, the true inci-
dence of transfusion-transmitted dengue is unknown
because many infections are asymptomatic or result in
mild, nonspecific febrile illness that may not be recog-
nized as transfusion acquired, and if a case is suspected,
transfusion transmission (vs. vector-borne transmission)
is difficult to prove in recipients in dengue-endemic coun-
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
coungries.'®

Dengue is 2 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 not endemic in the continen-
tal United States, Hawaii, or Alaska;>*? however, several
dengue outbreaks with local transmission have occurred
in Texas,®% Hawaii,***® and Florida®?! in the past decade.
Dengue is endemic in the US territories of Puerto Rico, the
Virgin Islands, and American Samoa, and millions of US
travelers are at risk as dengue is 'the leading cause of
febrile illness among travelers returning from the Carib-
bean, Latin America, and South Central/Southeast
Asig 3233

In 2007, there was a large, islandwide dengue out-
break in Puerto Rico with 10,508 reported cases? It
was the largest outbreak in Puerto Rico in nearly a
decade and only the second outbreak to involve the
simultaneous transmission 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 for DENV RNA to determine
the rate of deners presenting with DENV RNA posi-
tivity and viremia as assessed by infection in mosquito
cells; we also evaluated recipients of RNA-positive
units to-determine if transfusion transmission could be
documented.
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MATERIALS AND METHODS

General approach

Over 28,000 EDTA plasma samples collected in plasma
preparation tubes (PPT, Becton Dickinson, Franklin
Lakes, N]J) from blood donations to the Puerto 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-reactive. (RR) samples
were considered positive.® TMA-RR samples were
diluted 1 to 16 in plasma 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 during
2008 at Gen-Probe. Virologic, infectivity, and serologic
testing performed on all TMA-RR samples at the Dengue
Branch of the Centers for Disease Control and Prevention
(CDC) in Puerto Rico included qualitative and quantita-
tive DENV type-specific real-time, reverse transcriptase-
polymerase chain reaction (RT-PCR), mMOosquito
{A. albopictus) cell culture (C6/36 cells), and anti-DENV
immunoglobulin (Ig)M-capture enzyme-linked immun-
osorbent assay (MAC-ELISA).®% Hospitals receiving
components from TMA-RR donations were contacted for
recipient follow-up including elicitation of a history of
illness, administration of a risk factor questionnaire, and
submission of a serum sample to the Dengue Branch,
CDC, for diagnostic testing for evidence of DENV infec-
tion including RT-PCR, MAC-ELISA, and anti-DENV IgG
ELISA. Due to the retrospective nature of the study,
recipient contact only occurred at 1 year or more after
transfusion. The institutional review board of the ARC
approved the study,

DENV TMA assay

The DENV TMA assay used for this study is based on the
same technology as bloed screening assays (PROCLEEX,
Novartis Vaccines and Diagnostics, Emeryville, CA) for the
RNA components of the human immunodeficiency virus
(HIV) and hepatitis C virus (HCV) TMA assay (Ultrio 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 research qualitative 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 PROCLEIX
WNV assay including the same base reagent formul-
ations (with dengue-specific oligonucleotides) and
pracessed on the automated system (TIGRIS, Novartis)
utilizing software that performed all cutoff calculations
and validity criteria using the same interpretative
algorithms as the WNV assay. In a comparative study of
DENV TMA and RT-PCR, TMA was 10 to 100 times more
sensitive than RT-PCR and could detect RNA in up
to 80% of clinical cases that were RT-PCR negative3®
The DENV TMA assay can detect all four DENV types to
below 20 copies/mL.1*** A subset of donations that tested
TMA nonreactive (n = 8684) was retested by an enhanced
TMA (eTMA). Based on internal Gen-Probe results, the
eTMA assay is more sensitive than the routine TMA used
in this study. The eTMA assay showed 95% detection
at 14.9, 18.3, 13.0, and 16.4 copies/mL DENV-1 {95%
confidence intervat [CI1, 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.

Reeipient tracing

After hospital or transfusion service notification of the dis-
tribution of potentially infectious DENV RNA~containing
components, 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 IgM and IgG
antibodies in follow-up samples from the recipient with
signs and symptoms consistent with dengue infection
from the recipient's chart review. Consenting recipients
also completed the questionnaire regarding DENV clinical
history and risk factors. Serum samples from RNA-positive
recipients and their respective dona-
tions were inoculated into cultured
C6/36 cells and the presence of virus was
confirmed by RI-PCR and indirect
immunofluorescence. Isolates were

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

RESULTS

‘2007 dengue outbreak in Puerto Rico

During the 2007 dengue season in Puerto Rico, 10,508 sus-
pected cases of dengue, or 2.9 cases per 1000 population,
were reported to the passive dengue surveillance 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 wete in circulation in 2007 with a total
of 3293 (33%) processed samples confirmed positive for
DENV, DENV-3 and DENV-2 were detected most often (62
and 31%, respectively). More than 50% (52.5%) of reported
cases were hospitalized, one-third (31.8%) had hemor-
rhage, 2.2% had DHE and there were 44 reported deaths.®
A repository of 28,277 samples from blood donations col-
lected in Puerto Rico from June 1 to December 31, 2007,
was created during this outbreak.

DENV TMA repeat reactivity and overall prevalence
of DENV RNA amony blood donations

Of 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 a 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)

Donations tested for DENV RNA by TMA
@ = 15350)*
1

|

extracted from culture supernatant
using the Universal BioRobot 16

-

Nonreactive units
(n=13,322)

1
RR units identified
(n=25; of 28 initially reactive)

] {

System (Qiagen, Valencia, CA). The

BioRobot Universal System automates
and integrates all the instrumentation,

.

Further testing by eTMA
(n=8,960)

Recipient tracing

| |

software, purification and enzyme-

(n =25); 1 positive recipient of 3 I

related steps required for high-

RR units identified

-

throughput molecular applications

(n=4; of 7 injtially reactive) |

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

-

Recipient tracing
{nn = 4); 0 recipients tested

]

amplified and sequenced; sequence
data were restricted to the E gene
open reading frame (1485 bp). GenBank
accession numbers were obtained. Evo-

Fig. 1. DENV blood donation screening algorithm and TMA sereening results includ-
ing the 29 TMA RR blood donations. *TMA specificity based on TR samples that did
not repeat as reactive = 15,315/15,321 = 99.96% (95% CI: 99.93-93-99).
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TABLE 1. DENV TMA-RR blood donations collected In Puerto Rico in 2007
S/CO by TMA* S/CO by eTMA CDC testing
Unit Initial Retest 1:16 Initial Retest 116 Serotypet Viral load {copies/mL}) C&/36% Anii-DENV Ig
1 27.75 38.99 33.91 87.16 88,52 DENV-2 1.12%x10° Pos Neg
2 32.34 33.30 31.14 DENV-2 5.08 x 108 Pos Pos
38 33.30 37.38 35.39 91.10 83.09 DENV-2 1.35 x 10° Pos Neg
4 37.66 39.16 40.26 87.13 89.32 DENV-3 7.25 %107 Pos Neg
5 40.29 27.03 36.10 82.29 92.04 DENV-3 1.37 %107 Pos Neg
5] 32.73 35.03 34.89 DENV-3 1.18 x 107 Pos Neg
7 33.91 32.87 33.89 DENV-3 7.67 x 108 Pos Neg
8 31.97 30.5% Q.17 DENV-1 4.49 % 108 Pos Neg
9 18.14 13.94 0.21 DENV-2 2.82x 108 Pos Pos
i0 33.10 38.68 40.31 87.86 89.91 DENV-3 6.39 x 10° Pos Neg
11 31.25 33.56 27.75 DENV-3 3.50 x 10° Pos Neg
iz 5.68 20.55 1.16 29.48 21.59 DENV-3 1.00 x 10° Pos Neg
13 34.81 ar21 32.97 76.18 32.72 <10° Neg Neg
14 23.38 31.07 13.29 31.25 3t.18 <10° Neg Neg
15 14.23 23.25 7.32 28.59 3.28 <10° Neg - Pos
16 13.14 2577 0.07 29,26 i2.51 <10? Neg Neg
17 1151 5.63 0.04 <10? Neg Neg
18 8.17 16.58 0.03 <10* Neg Neg
19 6.64 8.91 0.20 <10* Neg Pos
20 5.06 4.12 1.37 29.96 8.61 <10* Neg Neg
21 3.37 4.95 0.83 <10? Neg Pos
22 2.95 25.28 0.03 <10* Neg Pos
23 8.20 1.40 0.13 <10? Neg Neg
24 4,48 0.01 0.21 24,80 0.06 <10® Neg Neg
25 1.02 229 013 28.01 0.01 <10? Neg Neg
264 0.45 26.38 27.55 0.02 <10* Neg Neg
271 0,17 26.18 30.99 0.02 <10°® Neg Neg
2all 0.30 25.31 29.11 0.03 <10 Neg Neg
2491 0.50 24.34 17.85 0.05 <10® Neg Neg
* TMA reactive when the S/CQO ratic is 1.00 or greater.
1 Serotype-specilic, real-time RT-PCR.
1 C6&/36 = the mosquito cell line used for infectivity studies.
§ Unit 3 was involved in a transfusion transmission,
Il Four TMA nonreactive samples were eTMA reactive.
Bold text 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 of 10% to 10° copies/mi.
(Table 1). All 12 samples with quantifiable RNA infected
mosquito cell cultures of which nine (75%) were detect-
able at a 1-to-16 dilution. Six of 25 TMA-RR units were IgM
positive of which only two of the six had quantifiable virus
and infected mosquito cells in culture,

Seven of 8684 TMA-nonreactive donations were
eTMA IR and four were eTMA RR (Fig. 1 and Table 1}, In
addition, 13 of 25 TMA-RR donations with sufficient
volume were retested by eTMA and all were reactive
(Table 1) with high signal-to-cutoff (S$/CO) 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 1-to-16 dilution, none infected mosquito
cells in culture, and nene contained IgM; 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 total study yield of 29
RNA-reactive donations (further referred to as TMA-RR) of
which nearly 80% lacked [gM.
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Combined, 35 IRs and 29 RBs were identified from
15,350 tested samples, resulting in a DENV RNA preva-
lence during the 2007 outbreak season of 1 per 529 (0.19%
or 18.9 per 10,000) and an overall TMA specificity based on
IR samples that did not repeat of 99.96% (15,315/15,321;
95% CI, 99.93-99.99; Fig. 1). TMA-RR (including eTMA-
RR) donors were detected between July and November,
which encompassed the majority of the outbreak period
(Fig. 2). Figure2 also provides the number of cases
reported by week of illness onset to the PDSS and the
laboratory diagnoses of these cases.

Recipient tracing

Information on all 29 recipients of TMA-RR donations was
obtained but serum samples for diagnostic testing were
available from only three recipients (Fig. 1 and Table 2);
pretransfusion samples were not available from any
recipient. Two recipients consented to be tested and both
had testing done nearly 2 years posttransfusion. MAC-
ELISA was negative for anti-DENV IgM and anti-DENV
1gG 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
blood donors were identified; the study period is indicated as that between the vertical lines.

TABLE 2. Recipient iracing results for 29 recipients who received DENV TMA-RR donations
Unit Serotype Viral load (copies/ml) Component type Recipient information
1 DENV-2 1.12x10° PP Unit discarded
2 DENV-2 5.08 x 108 RBECs Died within 3 weeks after transfusion, unrelated to dengue
3* DENV-2 1.35x10° RBECs DHF 3 days after transfusion; donor-recipient sequencing confirmed
4 DENV-3 7.25x107 RBCs None
5 DENV-3 1.37 x 107 RBCs Followed {or 6 weeks; no sfs suggestive of dengue
4] DENV-3 1.18 %107 RECs Died same day as transfusion
7 DENV-3 7.67 X 108 RECs Nens
8 DENV-1 4.49 % 10° RBCs None
9 DENWV-2 2.82 x 108 RBCs None
10 DENV-3 6.39 x 105 RBCs None
i DENV-3 3.50 x 10¢% RBCs Died within 7 months after transfusion, unrelated to dengue
12 DENV-3 1.00 x 105 RBCs Fellowed for 2 months; no s/s suggestive of dengue
13 <10? RBCs None
14 <10? RBCs Died without s/s suggestive of dengue
15 <10? RBCs Nane
16 <10? RBCs Nons .
17 <10° BBCs Died 1 day aiter transfusion; no s/s suggestive of dengue
181 <103 RBCs Antibody {lgM/lgG) negative on follow-up 26 months after transfusion
19% <10° RBCs Anttbody (IgMf1gG) negative on follow-up 23 months after transfusion
20 <103 RBCs Unit discarded
21 <i0® BBCs None
a2 <10° RBCs Died within 3 weeks after transfusion, unrelated to dengue
23 <10° ABCs None
24 <10% RBCs Unit discarded
25 <10° RBCs Discharged & days posttransfusion; no s/s suggestive of dengue
26% <i0? RBCs None
27% <ig? RBCs None
28% <10* RBCs None
20% <10? RBCs None
* Unit 3 was involved in a transfusion transmission.
1 Units 18 and 19 went to recipients who were subsequently tested for DENV anubody (lgG/igM).
} Donations detected as RR by eTMA,
PP = plateletpheresis unit; s/s = signs/symptoms.
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Fig. 3. Maximum likelihood phylogeny of complete E gene sequences (1485 bp) obtained from 19 endemic clinical isolates obtained
between 2000 and 2007. Taxa label indicates the geographical region, collection date, and GenBank accession number. Caguas is
the region where the city of Cidra is located, which is where the recipfent resided. Isolates marked in red represent the sequences
obtained from the blood donor and recipient. Pairwise distance shows a 100% similarity between these two sequences and less
than 99% from the other sequences represented in the tree. The ML tree was rooted using the Jamaica 1983 B 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 18 and
19). In addition, neither recipient developed signs or
symptoms consistent with DENV infection after transfu-
sion. A third recipient in Puerto Rico who was transfused
with RBCs from a unit containing 10® copies of DENV-
2/mU of plasma became 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 diagnostic testing on Day 5 after onset of illness
that was positive for DENV-2 by RT-PCR. No other trans-
missions were detected.

The implicated donor unit was from a 31-year-old
female who did not repoert any dengue-related symptoms
before or after donation 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 IgM negative {Tables 1 and
2). RBCs prepared from the unit were transfused into a
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recipient who subsequently tested DENV-2 positive by
RT-PCR (see Case report).

Frozen aliquots of the donation and recipient
samples were available for further study. The sequence of
1485 bp corresponding to the DENV-2 envelope gene con-
firmed DENV-2 in both the donor and the recipient
viruses and showed 100% sequence identity between the
two viruses. Figure3 shows the maximum likelihood
analysis of the donor-recipient pair along with other
DENV-2 isolates from various geographic areas represent-
ing different dengue outbreaks. Sequencing of viral iso-
lates focused on the Caguas region of Puerto Rico
including Cidra where the recipient resided. The sequenc-
ing results demonstrate that the virus from the donor and
the recipient were identical and differed from 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 disease, moderate tricuspid regurgitation, and
myelodysplastic syndrome characterized by refractory
anemja with ringed sideroblasts was admitted for symp-
tomatic anemia. He was given 2 units of RBCs early in the
morning 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 0of 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 patient was dis-
charged to his home in central Puerto Rico that same
evening.

On September 30, 2007, the recipient retuuned 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 morning
(approx. 72 hr after transfusion). His hematocrit (FHct) was
35.5% and it had been stable since discharge but his crea-
tinine and bloed urea nitrogen were slightly elevated from
baseline at 1.8 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 20 bpm, a blood pressure of 117/
56 mmHg, and 5a0, 0f 88% onroem air. He appeared to be
acutely ill but was alert, active, oriented, and not
in any acute respiratory distress. The physical exam was
unremarkable except for dry mucous mernbranes,
minimal coarse rhonchi over the right lung field and
bibasilar crackles, and a2/6 systolicejection murmur at the
left sternal border. The recipient was given 0.9% normal
saline intravenously, 3 L of oxygen by nasal canula, and
respiratory treatments with ipratropium bromide and a
B2-adrenergic agonist. Hewas readmitted with a presump-
tive diagnosis of health care-associated pneumonia for
which he was given vancomycin and cefepime 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 October 3,
during which time his platelet {PLT) count and white
blood celi count progressively declined from 183,000 and
4600 cells/mm?® respectively, at admission to 40,000 and
1800 cells/mm?. 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 abse-
lute rreutrophil count, filgastrim, a granulocyte-colony-
stimulating factor, was added to his treatment regimen. In
the 48 hours after defervescence, the patient was noted to
have episodes of hypotension {i.e., systolic blood pressure
<90 mmHg) even though he had not had any antihyper-
tensive medications since admission, 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
hematomas 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 hypoalbuminemia after defervescence. The recipient
received lunit of pherssis PLTs for a PLT count of
10,000 cells/mm? on October 6-and 1 unit of RECs for a
Hct of 24.6%. The remainder of the hospital course was
uneventful and he fully recovered from DHE He received
1 unit of RBCs before being discharged to home on
October 11, 2007.

DISCUSSION

This study demonstrates a high frequency of blood dona-
tions with plasma DENV TMA-RR (1:529) during the 2007
dengue season in Puerto Rico. Of the 29 TMA-RR units,
nearly 80% lacked IgM; 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-16 dilution, the
common pool size used for TMA for other 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 documented in this study,
which was the first to docwment transfusion-transmitred
DENV resulting in significant clinical iliness.

Studies in Brazil, Honduras, and Puerto Rico have
demonstrated the presence of DENV RNA and viremia
among blood donations using TMA to detect viral RNA. 104!
In one study, 9 of 2994 (0.37%) plasma specimens from
Honduras in 2004 to 2005 and three of 4858 (0.06%)
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
in 2005 was positive." In a prior study in Puerto Rico, 12 of
16,521 (0.07%) archived unlinked plasma specimens col-
lected by the ARC between September 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 2007.'° In that study, as in our study, fewer than half of
the TMA-RR samples confirmed by type-specific RT-PCR
or were viremic as demonstrated by mosquito culture.
However, both RT-PCR and mosquito cell culture are less
sensitive than TMA.*

Modeling 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
Cairns, Queensland, Australia, of 0.5 per 10,000;*® a range
of risk of 1.6 to 6 per 10,000 during 2005 in Singapore;*
and, most recently in Puerto Rico, an average estimated
risk of viremic donations of 7.0 per 10,000 over a 16-year
period from 1995 to 2010.%2 Of note, the modeled est-
mated risk of viremic donations in Puerte Rico in 2007 was
identical to the 29 TMA-RR donations cbserved in this
study, with a 95% 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 viremnic and infectious.®

There have been reports of DENV transmission
through transfusion or transpliantation.’>** The first pub-
lished case of transfusion-transmitted dengue occurred in
Hong Keng in 2002. The donor became symptomatic 1 day
after donation and one recipient of RBCs developed
dengue-related illness 3 days after transfusion; the patient
subsequently seroconverted. Both the donor and the
recipient had DENV-1 RNA identified in their blood by
RT-PCR.” More recently, a second cluster of DENV trans-
fusion transmission was identified in Singapore in which
the donor became symptomatic 1 day after donation and
two recipients (one of RBCs and the other of fresh-frozen
plasma) developed dengue-related illness and sero-
converted; the third recipient (of PLTs) was asymptomatic
but developed IgM and IgG antibodies. The donor and the
two symptormatic recipients were positive for DENV-2
RNA¥ In addition, DHF was reported 5 days after receipt
of a kidney transplant from an infected donor in Sin-
gapore® and dengue was reported in a bone marrow
recipient in Puerte 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 through contact of infectious blood with the
mucous membranes of a laboratory worker.”

Based on the results from this and the earlier stud-
ies, %" it is clear that DENV RNA-containing donations
occur and interventions should be considered. One inter-
vention that the ARC implemented for collections during
the 2009 dengue season in Puerto Rico included the use of
a predonation question regarding dengue-related symp-
toms coupled with the use of an enhanced postdonation
information sheet encouraging donors to 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 to the fact that 53% to
B87% of DENV infections are asymptomatic;"*2 in fact,
during the time of use, only one donor reported postdo-
nation symptoms. Due to the fact that TMA has not been
available for blood donation screening, serologic testing
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for DENV using a commercial NS1 antigen ELISA (Bio-
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-fold less sensitive
than TMA by testing blood donations from the same
DENV outbreak year.3*5® For screening of donated blood,
assays targeting DENV RNA are the preferred approach.

There may be several reasons why only a very limited
number of dengue transfusion transmissions have been
reported including: 1) recipient irnmunity from homo-
typic serotypes or recent heterotypic serotype immunity;
2) the infectious dose required for transfusion transmis-
sion may be higher than expected; and 3) clinical illness
after transfusion may not be recognized as dengue, or 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 contrel versus the investigation
of potential DENV transfusion transmission. Undoubtedly
there are more DENV transfusion transmissions than have
been documented, our case only being the third 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. Further, 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 minimurn level of transfusion
transmission that occurred during the 2007 season in this
dengue-endemic area. Based on the results of infecting
mosquito cells in culture, in which a viral load of 10%/mL
was able to cause infection, 12 of 29 TMA-RR units con-
tained infectious virions and hence were a risk to recipi-
ents, Since these 12 units were identified from 15,350
donations screened, this translates to a transfusion trans-
mission risk of 1 per 1279 or approximately 0.1% of dona-
tions during the epidemic season in a dengue-endemic
area. Results from this study indicate the need for addi-
tional research into the best strategies for preventing
dengue transmission via blood transfusion in endemic
areas and determining how such strategies should be
implemented in nonendemic areas where dengue has
recently been intreduced.
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in Saudi Arabia, the prevalence of transplantation-
associated Kaposi's sarcoma (KS) is high, and
there is disparity in the prevalence rates of
human herpesvirus 8 (HHV-8) infection between
patients with renal disease and the general
population. It was hypothesized that oral HHV-8
transmission among patients undergoing
hemodialysis treatment contributes to the high
prevalence of infection in renal disease patients.
The detection rates of anti-HHV8-IgG in plasma
and HHV-8-DNA in CD45{+)-peripheral blood
cells of 72 hemodialysis patients were com-
pared first with those of 178 blood donors and
60 pregnant women. 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 the HHV-8 viral load measured in saliva of
patients undergoing hemodialysis. The amount
of virus shed into saliva ranged between 8,600
and 119,562,500 {mean: 24,009,360) genome-
equivalents/ml among the five patients in whom
oral HHV-8 DNA was detected. Finally, HHV-8-
subgenomic sequencing was conducted which
showed that orally shed HHV-8 in four patients
belonged to genotype C2, and in one patient to
genotypes Al and C2. HHV-8 shed in the mouth
of hemodialysis patients may be extensive and
diverse. Oral fluid in addition to blood is thus a
likely vehitle for transmission of HHV-8, possi-
bly contributing to the high risk of HHV-8 infec-
tion in patients undergoing hemodialysis and
to K8 following immunosuppression after renal
transplantation. J. Med. Virol. 84:792-797,
201712, © 2012 Wiley Periodicals, Ine.
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INTRODUCTION

Post-transplantation Kaposi’s sarcoma (KS) is prev-
alent in Saudi Arabia, and accounts for over 70% of
all neoplasms ohserved in renal-allograft recipients
{Qunibi et al, 1988; al Sulaiman and al Khader,
1994]. X8 is associated causally with infection by KS-
associated human herpesvirus, also known as human
herpesvirus 8  (HHV-8). HHV-8 is transmissible by
oral fluid as well as blood [Teo, 2006; Al Otaibi et al.,
2007]. HHV-8 infection does not seem to be highly
endemic in the Saudi Arabian general population,
gince 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
chronic renal failure [Qunibi et al., 1988; 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 not, to date,
been reported. The present study investipated 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, as well as sequence-diversity determinations
of the HHV-8 genome.
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HHV-8 Shedding in Hemedialysis Patients

PATIENTS, MATERIALS, AND METHODS

Study samples were collected from 72 patients with
chronic renal failure undergoing hemodialysis at the
Riyadh Military Hospital, Saudi Arabia, during the
months of Mareh, April, and May 2004. No oral or ca-
taneous XS was evident in any of the patients with
chronie renal failure. For comparison with a sample of
apparently healthy people, 178 blood donors and 60
pregnant women attending the hospital were sampled.
Approval for the invesbigation was secured from the
Ethical Committee of the Riyadh Military Hospital and
informed consent by participants was obtained. All
participants for whom the demographic features are
listed in Table I were of Saudi nationality and were
seronegative for IgG antibody to the human immuno-
deficiency viruses. Clinical data for the participants
were obtained from computer-based and standard
medical records and then documented onto standard-
ized forms, which were linked to patient samples by
numerical code. Data entry and analysis were
performed using the SPSS for Windows (Statistical
Package of Social Science) software, version 12.0.
Frequency distributions and cross-tabulation tables
were constructed to analyze the relationship between
HHV-§ infection and the patients’ demographic and
clinical characteristics, using, where appropriate,
logistical regression, Chi-squared, or Fisher's exact
test.

Matched oral and blood samples were obtained from
all the patients with chronie renal failure; blood sam-
ples only were obtained from the blood donors and
pregnant women. An enzyme immunosorbent assay
(Advanced Biotechnologies, Inc., Columbia, MD) was
utilized for the detection of plasma anti-HHV-8 IgG.
This uses, as antigen, a whole viral extract from the
ES-1 cell ine which was derived from an EBV/HIV-
uninfected patient with primary effusion lymphoma
(PEL). The test detects antibody to the majority of
HHV-8 structural proteins [Said et al., 1996; Chatlynne
et al,, 1998]. The CD45(+) (pan-leukocyte)-subset of
peripheral blood, whole-mouth saliva (supernatant
fraction), parotid saliva, buccal mucosa exfoliates and
palatal exfoliates were collected, and processed for
HHV-8-DNA amplification as described previously
[Beyari et al., 2003; Al Otaibi et al., 2007; Al Otaibi et
al., 2009]. A 211-bp segment from the KS330 region of
open-reading frame (ORF) 26 of the HHV-8 genome,
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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 [Al Otaibi et al.,
2007). Exiracts were considered positive for HHV-8
DNA only when PCR yielded products from both
KS5330 and K1/V1 segments. A quantitative, fluore-
scence-based, real-time PCR assay [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, con-
sensus K1/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 Bystem (Roche Diagnostics, Indianapolis, IN),
after which clones from each amplificate were gener-
ated and the sequences of X1/V1 inserts in 16 clones,
picked at random, were determined, as described pre-
viously [Al Otaibi et al., 2007].

RESULTS

Table I summarizes the basic demographics, the
plasma anti-HHV-8-IzG detection rates and HHEV-8-
DNA detection rates in CD45(4-)-cells and in oral sam-
ples among the three study groups. Anti-HHV-8-IgG
wag detected in the plasma of 12 patients with chronic
renal failure (designated CRFs 3, 10, 11, 15, 23, 24 33,
46, 48, 56, 57, and 64), 1 blood donor (designated BD
16) and none of the pregnant women; the anti-HHV-8-
Ig( detection rate was significantly higher in patients
with chronic renal failure (17%) than in the blood
donor and pregnant women groups combined (0.4%)
(P < 0.001). HFEEV-8 DNA was amplified from CD45(4-)-
cells of three patients with chronic renal failure (des-
ignated CRFs 23, 24, and 57), all of whom were
anti-HIHV-8-seropositive. HHV-8 DNA was found in
CD45(+)-cells of the one seropositive blood donor
(designated BD 16), and nane of the pregnant women.
The HHV-8 DNA detection rate in CD45(+)-cells was
significantly higher among patients with chronic renal
failure (4.2%) than in the blood donor and pregnant
women groups combined (0.4%) (P < 0.05).

Among 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(+)-cells,
whole-mouth saliva, buccal mucosa exfoliates, and

TABLE I. Demographic Features, Anti-HHV-8-IgG, and HHV-8-DNA Detection Rates Among Patients With Chronic Reral
Failure Receiving Hemodialysis, Blood Donors, and Pregnant Women Sampled in Study

Gender

Age No. with No. with
No, with anti-HHV-8 HHV-8 DNA in HHV-8 DNA in
Mean Range IgGin plasma CD45(+) blood cells  any oral sample
Group No. Male Female (year) SD (year) (%, 95% CI) (%, 95% CI) (%, 95% CI)
CRF 72 43 29 57 14 2383 12(16.7,8.910 27.3) 3(4.2,01t011.7) 5(6.9, 2.2 to 15.5)
BD 178 176 2 30 7 18-51 1{0.6,0t0 3.1) 1{06,0t03.1) —
PW 60 0 60 29 7 1743 0 0 —_—

CREF, patients with chronic renal faiture; BD, blood denors; PW, pregnant women; SD, standard deviation; 95% CI, exact 95% confidence

interval; —, not determined.
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palatal exfoliates. In two other patients with chronic
renal failure (designated CRFs 10 and 56), HHV-8
DNA was amplified from whole-mouth saliva but not
from CDA45(+)-cells or other oral samples (Tahle II).
These two patients were also anti-HHV-8-seropositive.
The HIHV-8 viral lead in whole-mouth saliva of CRFs
10, 23, 24, 56, and 57 ranged hetween 8,600 and
119,562,500 (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 16, the K1/V1 sequence in CD45(+)-cells
could be assigned to Al The K1/V1 sequences in
whele-mouth saliva of CRFs 10, 23, 56, and 57, and
those in CD45(+)-cells of CRFs 23, 24, and 57 could
be assigned to genotype C2. For CRF 24, the whole-
mouth saliva and palatal exfoliate samples carried
K1/V1 sequences that belonged fo C2; however, in the
buccal exfoliate sample, the majority sequences
belonged to C2 whereas the minority sequences (esti-
mated to comprise 13% of the total population)
belonged to Al (Table I}, No identical K1/V1 sequen-
ces were observed between any two HHV-8 infected
patients with chronic renal failure.

The proportion of males included in the blood donor
and pregnant women groups combined (176/238; 74%)
was significantly higher (P = 0.026, Fisher's exact
test) than the proportion of males in the chronic renal
failure group (43/72; 60%). The mean age of the chron-
ic renal failure group was higher than that of the
blood donor and pregnant women groups combined
(P < 0.001, i-test). However, no statistically signifi-
cant differences in anti-HHV-8-IgG or HHV-8 DNA
detection rates in bleod or oral samples according
to sex, age, status of infection with hepatitis B or C
- viruges, duration of hemodialysis, or whether or not
previous renal transplantation had been conducted
were found. Anti-HHV-8-IgG and HHV-8 DNA were
not detected in the patients receiving prednisolone or
mycophenolate mofetil (Table III).

Al-Otaibi et al.
DISCUSSION

Previous studies of HHV-8 infection in hemodialysis
patients were confined exclusively to determining the
prevalence of anti-HHV-8 antihodies [Almuneef et al,,
2001; Andreoni et al, 2001; Hsu et al., 2002; Di
Stefano et al., 2006; Bergallo 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-8-IgG were

‘found in the hemodialysis. patients compared fo a
"sample of apparently healthy people (blood doners

and pregnant women, which for purposes of analysis
were combined as a single group). This result sup-
ports previous data showing the comparatively high
prevalence of plasma anti-HHV-8 in patients with
chronic 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 control for
the possible influence of differing age profiles between
the two groups which confirmed that the relationship
of interest was mnot materially modified by the
observed differences in age. Moreover, the antibody
detection rate in the hemodialysis group was much
higher (>40-fold) relative to the blood donor and preg-
nant women groups combined; it would seem unlikely
that such a substantial difference conld be attributed
solely to patient age. The effect of chronic renal dis-
ease and uremic immunodeficiency, exacerbated by
the protracted rounds of dialysiz [Haag-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 hy our group have found
evidence of HHV-8 shedding from the oral mucosa of

TABLE II. Distribution of HHV-8 Genotypes in Peripheral Blood and Oral Samples of Patients With Chronic Renal Failure
and Blood Donors

Amount HEIV-8 shed HHV-8 genotype
Patient Sample (genome-equivalents/ml) carried
CRF 10 WMS 161,500 ca*
CRF 23 CD45(+) blood cells — c2*
WMS 8,600 ca2®
CRF 24 CD45(+) blood cells — ce®
WMS 119,562,500 ca?
Buccal exfoliate - C2% and A1°
Palatal exfoliate — ca2
CRF 56 WMS 241,000 ca=
CRF 57 CD45(+) blood cells — ca®
WMS 83,200 cz»
BD 18 CD45(+) blood cells — Al®

CRF, chronic renal failure; BD, blood donor; WMS, whole-mouth saliva; —, not determined.

241 or majority K1V1 sequences,
"Minority KI/V1 sequences.

J. Med. Virol. DOT 10.1002imv
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TABLE III. Plasma Anti-HHV-8 Antibody and HHV-8 DNA
Status of Patients With Chronie Renal Failure According to
Demographic and Clinical Characteristics

Positive plasma Positive
anti-HHV-8, HHV-8-DNA,*
Characteristic No. no. (%) no. (%)
Gender
Female . 29 7(24.1) 3(10.3}
Male 43 5 (11.6) 247
Poyalue for difference 0.204 0.386
Age (years)
21-30 2 0 0
3140 9 i) 0
4150 11 0 0
51-60 18 4 (22.2) 1(5.6)
61-70 21 5(23.8) 3(14.3)
71-80 9 3(33.3) 1{11.1)
81-90 2 0 0
P-value for difference 0.255 : 0.855
Duration of dialysis
<b years 36 4(11.1) 2(5.8)
>5 years 36 8(22.2) 3(8.3)
P-value for difference 0.343 1.000
Previous renal transplant(s)
Yes 8 0 0
No G4 12 (18.8) 5(7.8)
P-value for difference 0.337 1.000
Hepatitis B
Positive 4 0 0
Negative . 68 12 (17.6) 5(7.4)
P-value for difference 1.000 1.000
Hepatitis C°
Positive 11 1(9.1) 0
Negative 61 11 (18) 5 (8.2)
P-value for difference 0.677 1.000
Prednisolone :
Not administered 63 12(17.6) 5(7.4)
Administered 4 0 .0
P-value for difference 1.000 1.000
Mycophenaolate Mofetil
Not administered 71 12 (16.9) 5(7)
Administered 1 0 0
P-value for difference 1.000 1.000
Total 72 12/72{18.7) 5172 (T

“HHV-8 DNA positivity in blood, oral, or both samples.
bAccording to seropositivity for hepatitis B surface antigen.
“According to seropositivity for anti-hepatitis C virus IgG.

KS patients {Cook et al., 2002a,b; 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 contributing to hori-
zontal HHV-8 infection in the hemodialysis milieu,
was conducted. Sampling of buccal and palatal exfoli-
ates as well 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-HHHV-8, 3 were
determined to carry HHV-8 DNA in blood, while 5

795

patients (including the 3 in whom HHV-8 DNA was
detected in blood) were found to carry HHV-8 DNA in
their oral samples (Table I). To detect possible intra-
unit HHV-8 transmission in patients with chronic
renal failure, the hypervariable region (K1/V1) was
analyzed and compared hetween patients undergoing
hemodialysis. Previous studies have docurnented
intra-unit hepatitis C virns transmission in hemodial-
ysis units, with phylogenetic analysis revealing clus-
tering between patients who were dialyzed during the
same shift and in the same area {Hmaied et al., 2007].
In the current study, however, phylogenetic analysis
revealed that none 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 that during a given episode, oral
HHV-8 shedding can be extensive (Table IT). The viral
load in whole-mouth saliva of four of the five patients
who were cral HHV-8 shedders was determined to
exceed 10° genome-copies/ml. Previcusly, similar
results were found among renal-allograft recipients
with a history of XS {Al Otaibi et al., 2007], and 2
renal-allograft recipient who had been given immuno-
suppressants [Al Otaibi et al., 2009]. The single pa-
tHent with chronic renal failure (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 genore-copies/ml),
The marked diversity of HHV-8 variants in his oral
compartment 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 also be a vehicle of HHV-8 transmission. In an
environment where multiple patients receive dialysis
concurrently, repeated opportunities exist for person-
to«person fransmission of infectious agents shed from
the mouth, directly or indirectly via contaminated
devices, equipment, supplies, environmental surfaces,
or hands of personnel. Any item taken to a patient’s
dialysis station could become contaminated with blood
and other body fluids thereby 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. Contact transmission
occurs most commonly 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 rails, countertops)
can become contaminated and serve as fomites; trans-
mission can occur when a worker touches the surface
who then touches a patient or when a patient touches
a contaminated surface. Contact transmission can be
prevented by hand hygiene, glove use, and frequent
disinfection of environmental surfaces [CDC, 20011
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In hemodialysis units, policies and practices should
he periodically reviewed and monitered to ensure
that infection control practices are implemented and
followed rigorously [Sehulster and Chinn, 2003;
Rebmann and Barnes, 2011]. Training and edueating
staff members and patients regarding infection con-
trol 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 hemodialysis
setting will reduce opportunities for direct and indj-
rect patient to patient transmission of infectious
agents, including HHV-8 infection, which if acquired
may, in turn, potentiate the development of KS shounld
the patients subsequently undergo kidney transplan-
tation and then receive immunosuppressive drugs.

Prospective studies evaluating the incidence of
HHV-8 infection, together with phylogenetic analysis,
in patients with chronic renal failure given hemodial-
ysis treatment would determine the risk of intra-unit
bleod and oral transmission of HHV-8 infection in
hemodialysis units more definitively. Further studies
would then be needed to clarify the specific factors
responsible for fransmission of HHV-8 among hemodi-
alysis patients and to evaluate the effect of the
current recommendations on prevention and control
of infections in this setting. Particularly in the Middle
East, implementation of additional measures prevent-
ing HHV-8 transmission from oral fluid as well as
bleod might be required to control HHV-8 infection
and reduce the incidence of post-renal-transplantation

Ks.
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Novel Strain of Andes Virus
Associated with Fatal Human
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To better describe the genetic diversity of hantaviruses
associated with human iilness in South America, we
screened blood samples from febrile patients in Chapare

Pravifnce in cantral Bolivia during 2008-2009 for recent

hantavirus infection. Hantavirus RNA was detected in 3
patients, including 1 who died. Partial RNA sequences
of small and medium segments from the 3 patients were
most closely related to Andes virus lineages but distinct
(<90% nt identity) from reported strains. A survey for 1gG
against hantaviruses among residents of Chapare Province
indicated that 12.2% of the population had past exposure
to >1 hantaviruses; the highest prevalence was among
agricultural workers. Because of the high level of human
exposure to hantavirus strains and the severity of resulting
disease, additional sfudies are warranted to determine the
reservoirs, ecologic range, and public health effect of this
novel strain of hantavirus.

antaviruses (family Bunyaviridae, genus Hantavirus)

are trisegmented negative-strand RNA  viruses
in which the small (8), medivm (M), and large (L)
genomic segments encode for the nucleocapsid protein
(N), 2 envelope glycoproteins (Gn and Gg), and the viral
polymerase, respectively. Hantaviruses are maintained in
rodent reservoirs, and human exposure typically results
from inhalation of aerosols from infectious urine or feces,
although human-to-human fransmission of Andes virus
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(ANDV) has also been described (7). Human hantavirus
infeetion in South 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 extent of genetic diversity and
seographic distribution of distinct hantavirus strains is not
well understood.

Since the first identification of HPS in 1993, many
new hantaviruses have been described throughout North,
Cenfral, 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), Pern (7), Brazil (8—10), Argentina(//1-13),
Paraguay (14,15), and Chile (11,16), many of which have
also been associated with human illness. In Bolivia, the first
hantavirus identified was Ric Mamoré virus (RIOMV),
which was isolated from a pygmy rice rat (Oligoryzomys
microtisy (17} 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 ecologic assessment of
reservoir hosts identified the large vesper mouse (Calomys
callosus) as reservoir host of LNV in Bolivia (20}, The
association of ANDV (Nort lineage) and Bermejo virus
(BMJV) with 2 HPS cases in southern Bolivia in 2000
documented the first human infection by BMIV (21).

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 of hantavirus
infection. We describe the clinical signs and symptoms and
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genetic characterization (partial S and M segment) of a
novel strain of hantavirus in 3 patients, including 1 who
died. In addition, we report results of a survey to determine
the prevalence of previous hantavirus exposure in the
region.

Materials and Methods

Study Site and Human Participant [ssues

Patients were recruited when they reported acute
febrile illness (<7 days) at the Hospital San Francisco de
Asis or Centro de Salud Eterezama (16°55'S, 65°22'W;
265 m above sea level), located in the Chapare Province
of the Department of Cochabamba in central Bolivia (22)
{Figure 1). Chapare is a rural province 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, respectively, at the time of the 2001
census (23).

Study protocols were approved by Servicio
Departamental de Salud Santa Cruz, and Colegio Medico
de Santa Cruz. Study protocols (NMRCD.2000.0008
and NMRCD,2(005.0002) were also approved by the US
Naval Medical Research Unit Institutional Review Board
in compliance with all US Federal regulations goveming
the protection of human subjects. Wriiten consent was
obtained from patients >18 years of age. For patients <18
years of age, wrifien consent was obtained from a parent
or legal guardian, Written assent was also obtained from
patients 817 years of age.

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

Serologic Analyses

Serum samples from febrile patients were screened for
TgM against ANDV or LNV antigens by ELISA. In brief,
96-well plates were coated with anti-human IgM, human
serum samples (1:100 dilution) were added, and plates
were incubated for 1 h at 37°C, Wells were subsequently
incubated with ANDV or LNV antigen for 1 hat 37°C. Viral
antigens were recognized by the addition of hyperimmune
mouse ascitic fluid for 1 h at 37°C and incubation with
horseradish peroxidase—conjugated anti-mouse IgG for 1

MNovel Strain of Andes Virus, Central Bolivia

Figure 1. Location of Villa Tunari, Department of Cochabamba,
Bolivia, the area where patients with hantavirus infection were
recruited. The constitutional (Sucre) and administrative {La Paz)
capitals of Bolivia are shown for reference,

h. Finally, subsirate (2,2'-azino-bis~[3-ethylbenzthiazoline-
6-sulfonic acid]; Kirkegaard and Perry, Inc., Gaithersburg,
MD, USA) was added, and optical density at a wavelength
of 405 nm was measured by using a spectrophotometer.
Patient serum specimens were also screened for IgM
against a panel of arboviral pathogens, including dengue
viruses, yellow fever virus, and Venezuelan equine
encephalitis virus. Virus culivre and identification was
attempted in African green monkey Vero cell cultures by
indirect immunofluorescence assay and Sin Nombre virus
(SNV) polyclonal antibodies, as described for arboviruses
(22).

For the seroprevalence study, serum samples from
healthy participants were screened by indirect ELISA for
IgG against SNV antigen (Centers for Disease Control and
Prevention, Atlanta, GA,USA). Serum 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 dilutien). Finally, substrate
(2,2"-azino-bis-[3-ethylbenzthiazoline-6-sulfonic acid})
was added, and abscrbance was measured at 405 nm with a
Dynex ELISA MRX Revelation absorbance reader (Dynex
Technologies, Chantilly, VA, USA). Samples with optical
densities greater than the mean of 5 negative controls plus
5 8D ata 1:100 dilution were considered positive.
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Molecular Analyses _

After serologic screening, RNA was extracted from
whole blood and serum samples of patients positive for
hantavirus IgM by using the QlAamp Viral RNA Mini
Kit (QIAGEN, Valencia, CA, USA). A I-step reverse
franscription 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 (Roche, Indianapolis, IN, USA). Initial screening
-was performed by using primers specific for the S segment
as described (20). Additional primers were designed on
the basis of preliminary sequences to generate additional
S segment coding region sequence (forward: HANSF3

-TGGATGTTAATTCCATCGA-3' and reverse:
HANSR4 5'-GATAATGTTTCGTGCTTTCA-3'; forward:
HANF0001 TAGTAGTAGACTCCTTGAGAAGCTACT
and reverse: HANTASR2 TAGTATGCTCCTTGAR
AAGC). A 1,287-bpregion of the S segment was generated,
which included positions 43-1329 of the full-length S
segment of ANDYV strain Chile R123 (25).

For the M segment, RT-PCR and nested PCR were
performed by using specific primers (I8), which generated a
1,330-bp sequence of the M segment that included positions
1678-3007 of the full-length M segment of ANDYV strain
Chile R123. RT-PCR amplicons were purified by agarose
gel electrophoresis and sequenced directly by using the
Big Dye Terminator v3.1 Cycle Sequencing Kiton a 3100
Avant-Genetic Analyzer (Applied Biosystems, Foster City,
CA, USA).

Phylegenetic Analysis

S segment and M segment sequences (submitted fo
GenBank under accession nos. JF750417-JF750422)
were compared with sequences from other members of
the genus Hantavirus, including Puumula virus strain
Umea (Genbank accession nos. S segment: AYS526219,
M segment: AYS526218), RIOMYV strain HTN-007 (S:
FI532244, M: FI608550), SNV strain NMH10 (8: L25784,
M: L24783), El Moro Canyon virus strain RM97 (S:
U11427, M: U26828), Choclo virus {S: DQ285046, M:
DQ285047), Cafio Delgadito virus (S: DQ285566; M:
DQ284451), Pergamino virus (PRGV; S: AF482717,
M: AF028028), ANDV strain AH-1 (S: AF324502, M:
AF324901), ANDYV strain CHI7913 (S: AY228237, M:
AY228238), ANDV strain Chile-9717869 (8: AF291702,
M: AF291703), Maciel virus strain 13796 (MACV; S:
AF482716, M: AF028027), Catacamas virns (CATV; S:
DQ256126, M: DQ177347), Paranoa virus (S: EF576661),
Oran virns (S: AF482715, M: AF(028024), LNV (S:
AFQ05727, M; AF005728), BMIV (S: AF482713, M:
AF028025), Lechignanas virus strain 22819 (S: AF482714,
M: AF028022), ANDV strain Hu39694 (S: AF482711,
M: AF028023), Playa de Oro vivus (S: EF534079, M:
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EF534082), Neembucu virus (S: DQ345763), Alta Paraguay
virus (S: DQ345762), Itapua virus (S: DQ345765),
Araraguara virus (ARAV; 5: AF307325, M: AF3(07327),
Araucaria virus strain HPR/03-99 (S: AY740630), Jabora
virus strain Akp8048 (S: JN232080), Juquitiba virus strain
Olfo_777 (S: GU213198), and Castelo dos Sonhos virus
(CASV; S: AF307324, M: AF307326).

Sequences were aligned by using ClustalW (www,
clustal.org) with manual adjustments, and pairwise genetic
distances were calculated by using MEGA4.0 (26).
For phylogenetic analysis, maximum-likelihood (ML)
and Bayesian approaches were used. ML phylogenetic
trees were estimated by using PhyML (27,28) and 100
bootstrap replications to place confidence intervals at
nodes. Phylogenetic reconstructions 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 Monie Carlo generations,
and sampling every 100 generations with a burn-in of
25,000, Puwmula virus § and M segments were included as
outgroups in the phylogenetic reconstructions.

Results

Patient Identification

During January 2008-June 2009, serum samples
from 372 febrile patients reporting to clinics in Chapare
Province, Bolivia (Figure 1) were tested for serologic
evidence of recent infection by >1 hantaviruses. Of these
372 patients, 199 (53.5%) were male patients with a median
age of 31 years (range 7-95 years). IgM against ANDV (n
= §) or 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 detected in these
samples. Of the 9 patients with IgM against hantaviruses, 7
(77.8%) were male patients with a median age of 32 years
(range 15-49 years). Three of the 9 patients were positive
for hantavirus RNA,

Patient ! (FVB0554) was an 18-year-old man (student)
from the town of Pedro Domingo Murillo, Bolivia, who
came 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, nausea, emesis, and icterus) and
respiratory (cough, dyspnea, and cyanosis) manifestations
were also prominent. The patient died the next day. IgM
against LNV antigen (reciprocal titer 1,600) was detected
in a serum sample collected before his death.

Patient 2 (FVB0640) was a 27-year-old 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 cutaneous manifestations
were noted, including petechiae, purpura, a maculopapular
rash, and a diffuse erythematous rash. The patient was
hospitalized for 4 days and recovered. IgM against ANDV
was detected in an acute-phase serum sample (reciprocal
titer 6,400); no convalescent-phase sample was obtained.

Patient 3 (FVB0799) was a 49-year-old man (farmer)
from Flor de San Pedro, Bolivia, who came to Hospital San
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. IgM against ANDV was
detected in an acute-phase serom sample (reciprocal fiter
6,400); no convalescent-phase sample was available for
additional analysis.

Molecular Analyses

Viral sequences generated from samples from the 3
patientswerehighly conservedoverthegeneregions analyzed;
>99.6% pairwise nucleotide identity in the 8 segment (3-5-
nt differences) and >99.2% pairwise nucleotide identity in

Novel Strain of Andes Virus, Central Bolivia

the M segment (1-10-nt differences). Nucleotide sequences
were compared with those of hantavirus strains available in
GenBank (Table 1). In pairwise comparisons of S 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 amino acid level, although
only limited sequence (643 nt) was available for comparison.
In comparison with other Western Hemisphere hantaviruses
for which more extensive sequences were available (1,287
nt) 75.8%—84.1% nucleotide sequence identity and 85.3%—
97.7% amino acid identity were observed, and the highest
similarity was with members of the species Anrdes virus
(Table 1).

In pairwise comparisons of M segment gene sequences,
the highest nucleotide identity (83.3%) was observed in
comparison with CASV. Similar amino acid identities
were observed with CASV (95.1%), Oran virus (95.3%),
Lechiguanas virus (85.0%), and ANDV Hu39694 (95.3%)
{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
amino acid level (Table 1).

Table 1. Percent pairwise nuclectide and amino acid identity befween select Western Hemisphere hantaviruses and virus sequences

amplified from patients from central Bolivia*

8 segment (1,287 bp)

M segment (1,330 bp)

Virus strain

Country Nucleolide Amino acid Nucleotide Amino acid
PRGV Argentina 814 94.6 0.8 93.0
ANDV AH1 Argentina 83.5 96.0 81.7 93.9
ANDV Hu38694 Argentina 82.0 97.4 B1.7 95.3
MACV Argentina 81.7 94.2 80.2 91.4
BMJIV Argentina 83.7 91.7 80.2 93.9
LECV Argentina 84.1 974 81.1 95.0
ORNV Argentina 83.5 97.4 80.3 95.3
CASVt Brazit 89.3 986 83.3 951
PARV Brazil 82.9 95.3 NA NA
ARAVS Brazil 84.0 94.9 79.5 g93.2
JABV Brazil 77.3 88.6 . NA NA
ARCY Brazil 82.2 95.8 NA NA
ANDV 9717869 Chile 83.5 . 98.0 80.7 93.7
ANDV CHI7913 Chile 82.7 95.8 81.1 g2.8
CATV Honduras 76.9 88.1 76.0 86.2
PDOV Mexico 774 874 75.8 854
CHOV Panama 78.9 89.3 77.8 88.0
NEMV Paraguay 84.9 97.0 NA NA
ALPY Paraguay 80.3 893 NA NA
ITAPV Paraguay 81.7 958 NA NA
Juavi Paraguay §2.5 95.5 NA NA
LNV Paraguay 79.4 0.2 79.2 90.5
RIOMY Peru 30.1 90.0 308 91.4
SNV NMH10 USA 76.5 87.2 76.0 86.2
ELMCV RMI7 UsAa 76.8 839 73.8 82.8
MAPY Venezuela 79.6 91.1 77.8 89.8
CADV Venezuela 75.8 85.3 74.3 83.1

*8, small; M, medium; PRGV, Pergamino vifus; ANDV, Andes virus; MACV, Macdiel virus; BMJV, Bermejo virus; LECV, Lechiguranas virus; ORNY, Oran
virus; CASY, Castelo dos Sanhes virus, PARV, Paranoa virus; ; NA, sufficient sequence not available for comparison; ARAV, Araraquara virus; JABV,

Jabora virus; ARCV, Araucaria virus; CATV, Calacamas virus; PDOV, El Moro Canyon virus; CHOV, Choclo virus; NEMVY, Neembucu virus; ALPV, Alta
Paraguay virus; ITAPV, taporanga virus; JUQV, Juquitiba virus; LNV, Laguna Negra virus; RIOMY, Rio Mamoaré virus; SNV, Sin Nombre virus; ELMCYV,

El Moro Canyon virus; MAPY, Maporal virus; CADV, Cano Delgadito virus,

15 segment sequence comparisen was limifed fo the homologous 999 bp (JUQV) or 643 bp (CASV) available from GenBank.
1M segment sequence comparisan was fimited {o the homologous 1,246 bp available frem GenBank.

Emerging Infectious Diseases » www.cdc.govleid - Vol. 18, No. §, May 2012

753



RESEARCH

To further explore genetic relationships between the
novel viral sequences and previously described hantaviruses,
we conducted ML and Bayesian analyses on the basis of
S 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.nlm.nih.
gov/ICTVdbfindex.him); formed a clade with ARAV,
MACYV, PRGV, and other ANDV strains; and formed a
subclade with CASV (Figure 2). Similar tree topologies
for other strains of ANDV were obtained on the basis of
analysis of S 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 extent of human exposure to
hantaviruses in the region, we screened serum samples
from residents of villages in Chapare Province for IgG
against SNV antigen. A total of 500 participants >18 years
of age vesiding 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 9.3%~15.1%) had 1gG
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 observed 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 or quality.

Discussion

We demonstrated the association of a novel genotype
of ANDV with fatal human infection in central Bolivia
and extended the known genetic diversity of hantaviruses
circulating in South America. One fatal case occurred
among the 3 patients described, which was consistent
with high mortality rates observed with infections with
ANDYV lineages in neighboring Brazil and Argentina (3).
The Intemational Committee on Taxonomy of Viruses has
provided guidelines for the demarcation of hantaviruses
(www.ictvdb.org/lctv/index.him), which include a >7%
difference in amino acid identity in comparison with
previously identified complete S segment and M segment
pene sequences, a >4-fold difference in results of 2-way
cross-neutralization tests, and occupation of a unique
ecologic niche, such as a different primary rodent reservoir.
As with other hantavirus strains, attempts to isolate virus in
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Figure 2. Phylogenetic analysis of hantaviruses from the Western
Hemisphere on the basis of partial A) small and B} medium
segments. Novel strains described in this study are indicated in
holdface. Depicted phylogenetic reconstructions are based on
Bayesian inference conducted in MrBayes (28,30). Posterior
probabilities are indicated at relevant nodes. Scale bars indicate
nucleolide sequence divergence. CASV, Castelo dos Sonhos virus;
ANDV, Andes virus; ORNV, Oran virus; BMJV, Bermejo virus; LECV,
Lechiguanas virus; BMJC, Bermejo virus; NEMV, Neembucu virus;
PRGV, Pergamino virus; MACV, Macie! virus; PARV, Paranoa virus:
ARAV, Araraguarz virus; ITAPV, ltaporanga virus; ARCV, Araucaria
virus; RIOMV, Rio Mamoré virus; ALPV, Alta Paraguay virus; LNV,
Laguna Negra virus; CHOV, Choclo virus; SNV, Sin Nombre virus;
CADV, Cafio Delgadito virus; ELMCV, El Moro Canyon virus;
PDOV, El Moro Canyon virus; CATV, Catacamas virus.
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Table 2. Characteristics of patients tested for IgG against Sin
Nombre virus, central Bolivia*

Characteristic No. positive/no. tested (%)
Sex
M 28/224 (12.5)
F 32/273 (11.79)
Age,y
18-30 281244 (11.5)
31-50 2B/207 (13.5)
>50 4/43 {8.3)
Occupation
Agricultural worker 25M67 (15.0)
Housewife 261193 (13.5)
Studentfteacher 3/57 (5.3)
Health professional 0/20 (0)
Other/funknown 7/62 (11.3)
Village
Eterazama . 131116 (11.2)
Isinuta 8/71 (8.5)
Primero de Mayo 1120 (5.0}
Samuzabety 1370 {18.6)
San Gabriel 5129 (17.2)
San Julian 2/24 (B.3)
Urkupina 2122 (3.1)
Other 197148 (12.8)
Total 51/500 (12.2)

rComplete demographic data were not available for all participants.

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

No guidelines have been proposed for demarcation of
viruses below the species level, and there does not appear
to be consensus on the designation of novel genotypes.
We observed the highest identity with CASV, which has
been associated with human illness near the berder of the
Mato Grosso and Pard States of Brazil (37,32), =1,500
km from the Chapare study sites. We observed =11% and
17% divergence at the nucleotide level for the § 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 ANDV strains overall
in the limited S région available for comparison (14%),
relative to other genome regions {16%). No other hantavirus
was found to be <15% divergent at the nucleotide level in
the S segment or <18% divergent in the M segment. [f one
considers that the strains identified in our study segregate
with other strains of ANDV but are genetically distinct, we
provisionally propose to name this novel genotype Tunari
virus (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, >29 of
febrile cases analyzed had evidence of recent hantavirus
infection, which is consisteni with the 4% of febrile cases
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reported for the region in 2005 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
reported in neighboring Brazil, which was 13.3% in
Maranhao State in northeastern Brazil (34) and 14.6% in
southern Brazil (35), and in northern Argentina, which was
6.5%~17.1%, depending on the population studied (13,36).
Oceupational exposure appears to be a risk factor because
the highest antibody prevalence and 2 of 3 TUNV cages
were identified among agricultural workers. We did not
observe an age-dependent increase in antibody prevalence
among adults sampled, a finding also reported in southern
Brazil (35). There are several possible explanations for
this observation, including relatively recent emergence
of hantaviruses in the region, high mortality 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 used in screening febrile patients for IgM
against hantaviruses or healthy persons for 1gG 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
rice rat (Oligoryzomys microtis) in Bolivia (17). In 2000,
HPS cases associated with BMJV and ANDV strain Nort
were identified along the southern 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
of HPS in Bolivia for which no specific virus was identified.
Of the 246 reported cases from 2007 through 2010, a total
of 74 occurred in the Department of Cochabamba (37).
Future studies with more specific serologic assays are
necessary to determine the true extent of TUNV eirculation
in this population.

In this study, we made no effort to incriminate the
reservoir host for TUNV. The only hantavirus reservoir
identified in South America is rodents of the subfamily
Sigmodontinae. Oligoryzomys spp. rodenis appear to
be the principal reservoirs for most ANDV variants,
including CASY (32,38). In addition to Oligoryzomys spp.
rodents, ANDV variants have been identified in dkodon
spp. (PRGV), Necromys spp. (MACV and ARAYV), and
Bolomys spp. (MACV) rodents. Potential reservoir species
are abundant in Bolivia, including Oligoryzomys 5pp-,
Akodon spp., and Calomys spp. (LNV) rodents. Increased
rodent population density has been associated with the
emergence of hantavirus infection in humans (4). Therefore
identifying the TUNV reservoir host and understanding its
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ecology could lead to interventions for reducing human
exposure.
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From October 2011 to April 2012, 852 human hantavi-
rus infections were notified in Germany, of which 580
{68%) were in Baden-Wiirttemberg. Case numbers
started to rise 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 could be due to a beech mast
year in 2011, followed by an early and massive repro-
duction of the reservoir bank vole populations during
winter 2011 and spring 2012.

Outbreak description

From October 2011 to April 2012 (reporting weeks 4o
2011 to week 17 2012, ending 27 April 2012), 852 cases
of hantavirus infections meeting the national case
definition [1,2] were notified in Germany (cumufative
incidence: 1.04 per 100,000 population) [3]. Of these,
580 cases {68%) originated In the southern federal
state of Baden-Wiirttemberg (cumulative incidence: 5.4
per 100,000 population) (Table). This count exceeds
the number of cases observed during the months
October to April that preceded the outhreaks in 2c07
{172 cases) and in 2010 (327 cases) in the same state
(Table). We report on this ongoing outbreak in Baden-
Wiirttemberg, taking into consideration cases notified
from October 2011 to April 201z.

Background

Puumala virus is the predominant 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) [s]. After an Incubation period of usually
two to four weeks [6], typical clinical manifestations
include a sudden onset with fever, headache, hack
pain and gastrointesiinal symptoms. Renal involve-
ment Is prominent and manifests initially as oliguria
and later as marked polyuria {nephropathia epidemica)

www.eurosurveiltance.org
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[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
[£]. Recommended prevention measures focus on the
aveidance of exposure and inhalation of potentially
contaminated dust [g].

In Germany, laboratory-confirmed cases of hantavi-
rus infections have been notifiable since zo01 [1,10].
Between 2001 and 2011, the number of annual notifi-
cations ranged from 72 to 447, with a median of 235,
except for two outbreaks in 2007 (1,688 cases) and
2010 (2,107 cases} [11]. From November 2011 to February
2012, the Robert Koch Institute obsesved an increase
in the number of cases notified in Germany compared
with the mean in the same period in the five preced-
ing years, from 2006/2007 to 2010/2011. Seme 64% of
these cases were reperted from Baden-Wirttemberg
[11].

Figure 1 represents the temporal distribution of cases
in Baden-Wiirttemberg from reporting week 40 in 2011
until reporting week 17 in April 2012, in comparison
with the outbreak periods of 2006-2c07 and 2009-
2010. The current outbreak period 2011-2012 is char-
acterised by an early increase of cases, which started
already in October 2011. In the last reported week in
2012 (week 17), the number of cases (n=87) has almost
reached the historical weekly maximum of the zoo7
outbreak year (96 cases in week 22).

Figure 2 shows the geographical distribution of cases
in Baden-Wiirttemberg. Some 45% of all cases (n=580)
were reported from five of the 44 counties of Baden-
Wiirttemberg. These. counties are in the central part
of the state, comprising the city of Stutigart (n=6s;
incidence: 10.7 per 100,000 population), Tiibingen
(n=34; incidence: 1s5.4 per 100,000 population),

%Y
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TABLE
Number and incidence of notified cases of hantavirus infection in each federal state, Germany, 2001-2012

er of cases (incidence per 100,000 population}. -

1. Median annual” ’ Median annual |-

i number of cases - incidence | . A : R T B A R, until. A
B (range) _ : (range) | Winter | Anaual - Annual | Annual Winter . Annual i Winter - Annual week 17>
Baden- 87.5 1.02 172 1,090 74 83 327 998 61 128 580 501
Wirttemberg (22-164) (0-55-1.54) (2.6) (10.14} (0.69) {0.77) (3.04) (9.28) {0.57} (1.19) (5.39) (4.66)
Bavaria 23.5 0.24 38 296 X} 2 86 437 45 46 65 43
(12~61) (0.14-0.49) {0.31) (2.36) (0.33) {0.17) (0.68) (3.49) (036} {0.37) {0.52) (0.34)
Berlin 1 0.03 1 1 3 0 o 3 0 o 0 -0
o-2) (0-0.06) (0.03) {0.03) {0.09) o) (o) (0.09) (0) (o) )] (o}
Q [+ 1 4 3 0 1] 2 2 6 4 0
Brandenburg (0-3) (0-0.12) (0.04) (0.16) (0.12) {o) (o) 1 {0.08) {0.08) (0.24) (0.16) ()
Bremen 0 o o o ) 0 0 1 1 o 1 1
{0-1) (0~0.15) {0) (0) (0) {0) (0} {0.15) (0.15) {0} (0.15) (0.15)
0 ) ] 3 1 2 1 ) 1 1 0
Hamburg (o—1) (0-0.06} (@ (0.17) (0.06) (0.12) (0.06) (©) (0.06) (0.06) (0} 0 (©)
Hesse 10.5 0.21 3 27 12 4 31 174 10 13 23 19
(4-34) (0.08-0.56) (0.05) {0.44) (0.2) (0.07) (0.52} (2.87 (0.16) {0.21) (0.38) (0.31)
Mecklenburg- 4 0.23 2 1 11 12 8 1 5 5 5 1
Vorpommern (1-8) (0.23-0.46) (0.12) (0.65) {0.66) (0.73) (0.48) (0.6 {0.3) (0.3) (0.3) (0.086)
8 0.13 12 93 18 16 34 123 18 23 43 36
Lower Saxony {3-75) (0.04~0.94) (6.16) f1.17) {0.23) (c.2) (0.43) {1.55) {0.23) (0.29) {0.6) (0.43)
North 29.5 0.17 22 124 61 32 57 156 24 62 86 60
Rhine-Westphalia (18-143) (0.11~0.79) (0.12) (0.69) (0.38) (0.18) (032} (0.87) (0.13) {0.35) (0.49) (0.35)
Rhineland- 2.5 0.07 1 11 4 1 2 28 4 7 11 9
Palatinate (2-~10) (0.05-0.25) (0.02} (0.27) (0.1) (0.02) (0.05) {0.7) {0.09) (0.17) {0.27) (0.22)
0 0 0 2 o 0 o 1 0 0 1 1
Saarland (0-1) (0-0.09) (@) (0.19) © () © (0.9) © © (0.2) (0.9)
Saxon 1 0.02 0 5 1 o 2 3 1 3 7 6
¥ {0-2) {o-0.05) ()] (0.12) (0.02) (0) {0.05} (0.07) (0.02) (0.07) (0.186) (0.14)
1.5 0.08 o 3 i 1 1 6 1 1 4 4
Saxony-Anhalt (0-3) {0.04~0.12) (o} (0.12) (0.04) (0.04) (0.04) (0.26) {o.04) (0.04)} (0.17) . (oap)
. : 1.5 0.04 3 10 6 9 6 11 7 6 3 1
Schleswig-Holstein (o-7) (0-0.25) for11) {0.35) (0.22) (0.32) (0.22) (039} {0.25) (0.21) (0.12) (0.04)
- 2 0.12 1 8 7 1] 4 63 4 4 14 1
Thuringia (o-14) (0.04-0.6) (0.04) {0.35) (0.31) ()] (0.18) (2.82) (0.17) (0.18) (0.62) (0.49)
Total 205 0.23 256 1,688 243 181 559 2,017 184 305 852 693
(72-447) (0.17-0.54) {o.31) (2.05) (0.3) {0.22) (0.68) (2.47) {0.23) (0.37) (1.04) (0.85)

* Winter is used to describe the period from week 40 of the preceding year to weel 17, a period that coincides with the annual influenza season in Germany.

b Ending 27 April zo1z. ‘
Source: Robert Koch Institute [2], as of 16 May 2012.



FIGURE 1 .

Cases of hantavirus infection by week of reporting, Baden-Wiirttemberg, Germany, QOctober (week 40) 2011-April (week 17)
2012 and weeks 1-39 for outbreak years 2007 and 2010, and from week 40 in 2006 and 2009 (years preceding outbreaks)

100=

8o

Number of cases
- o
il bt

i

1

Week number

The bars show the number of cases reported during 3 October 2041 to 27 April 2012 (n=580), The broken line shows the number of cases from
week 40 2006 to week 39 2007. The confinuous line shows the number of cases from week 40 2009 to week 39 2010.

Source: Robert Koch Institute [2], as of 16 May 2012,

FIGURE 2

Geographical distribution of cases of hantavirus infection, by county and cumnulative incidence, Baden-Wiirttemberg,
Germany, 3 October (reporting week 40) 2011-27 April (week 17) 2012 (n=580)

Cumulative Incidence —3 o.00

October 2011-April 2012 0.01 -~ 1.50
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‘ R 3.76 ~10.00

WA 10.01- 25.00

ES: Esslingen; GP: Géppingen; RT: Reutlingen; S: Stuttgart; TU: Tiibingen.
Source: Robert Koch Institute [2], as of 16 May 2012,
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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 poputation). 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-Wilrttemberg, 72%
were male (418 of 578 cases with information on sex
reported). The highest incidences were observed
among persons hetween 20 and 59 years (Figure 3).

On the basis of preliminary data, the most 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
for 39% of the cases. Most frequently mentioned were
cutting and piling wood, spending time in a forest for
leisure {hiking, hunting) or forestry work, contact with
rodents or rodent excreta, especially during cleaning in
barns, sheds, attics, cellars, garden houses, garages,
etc.

Discussion

Previous outbreaks of hantavirys infection in Baden-
Wiirttemberg in 2007 and in 2010 started in the first
months 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 récommended
.prevention measures [12,13] via media- releases pub-
lished state-wide on 13 January and g March zo12.
Updated releases were also disseminated ta 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
tacking and are the subject of a separate study.

The causes for the early increase of case numbers
remain unclear. Current hypotheses relate the rising
incidence of Puumala virus infections to changes in
the population density of bank voles, due to climatic
factors {12] and possibly to the beech mast in 2011,
During mast years, deciduous trees produce excep-
tionally high quantities of seeds, an important food
source for bank voles [14]. Mast years and hantavirus
outbreaks appear to be associated [15,18]. In Baden-
Wiirttemberg, the beech mast years of 2006 and 2009
were followed by outbreaks of human hantavirus infec-
tions in 2007 and 2010. Last year (2011) was again an
exceptional mast year [i7], followed by & remarkably
mild winter [18]. This may have promoted winter sur-
vival and reproduction of bank vole populations.

FIGURE 3

Cumulative incidence of cases of hantavirus infection.

by age group and sex, Baden-Wiirttemberg, Germany, 3
Octobe)r (reporting week 40) 2011-27 April (week 17) 2012
(n=578)
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2 Cases with informatien on sex reported.
Saurce: Robert Koch Institute [2], as of 16 May 2012.

Since spring 2010, the lulius Kiihn-Institute (Federal
Research Centre for Cultivated Plants) and Friedrich-
Loeffler-Institute (Federal Research Institute for Animal
Health) have been conducting monitoring studies in
an area of Bdblingen County, Baden-Wiirttemberg,
an endemic region for hantavirus. Trapping results
showed a peak mean bank vole population density
of 63+46 individuals per hectare (Nzstandard error/
ha} in October 2011. In April 2012, the mean bank vole
population density had increased {o 76x23/ha (D. Reii,
unpublished data). This study indicated considerable
recruitment of bank voles, either through winter repro-
duction or migration, Serological and molecular studies
in bank voles from this monitoring site demonstrated a
continuous presence of Puumala virus during 2010 and
2011 and an increased Puumala virus seroprevalence in
spring 2012 (U.M. Rosenfeld, unpublished data).

We anticipate a further increase in cases numbers dur-
ing summer 2012, This 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 will
also examine possibilities for preventive measures that
can be more efficiently communicated — and are at the
same time effective and acceptable — to the population
atrisk.
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Severe complications of HFMD caused by EV-71 in Cambodia

_____________________

The investigation into the flinesses and deaths in Cambodia, which mainly affected very young children, concluded that
a severe form of hand, foot and mouth disease (HFMD) was the cause in the majority of cases reported to the Ministry
of Health.

Samples from a total of 31 patients were obtained and tested for a number of pathogens by Institut Pasteur du
~ambodge, Most of these samples tested positive for enteravirus 71 (EV-71) which causes HFMD. A small proportion of

mples also tested positive for other pathogens including _Haemophilus influenzae_ type B and _Streptococcus suis_.
It was not possible to test all the patients as some of them died before appropriate samples could be taken.

The investigation Included£

- a thorough review of the hospital records of the patients from 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 criteria {the case
definition), and of which 54 had died. The investigation revealed that most of the cases were under 3 years of age,
from 14 different provinces, with some suffering from chronic conditions. A significant number of cases had been
treated with steroids at some point during thelir illness. Steroid use has been shown to worsen the condition of patients
with EV-71.

The Ministry of Health, with support from WHO and partners, which included Institut Pasteur du Cambodge and the US
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Centers for Disease Contro! and Prevention, conducted the investigation following reports from Kantha Bopha Children's
hospital of unusual numbers of illness 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 all patients with
HFMD. In addition, the Ministry of Health, assisted by the WHO, has begun enhanced surveiflance for neuro-respiratory
syndrome, a key syndrome observed among patients with severe HFMD caused by EV-71. It is expected that the
enhanced surveillance will identify occasional new cases of the severa form of the disease in the coming months.

In addition, the Ministry of Health is developing guidelines and training courses for staff to manage patients with mild

and severe forms of HFMD. A campalign to raise awareness on the prevention, identification and care of children with
HFMD is underway.

Communicated by:
ProMED-mail Rapporteur Marianne Hopp

[This statement from the WHO now acknowledges that human enterovirus 71 infection has been associated with a
neuro-respiratory syndrome observed among a proportion of young children hospitalised with with severe 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 stercids 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
general improvements in child care and social conditions. It seems likely that this situation is not confined to Cambeodia,
but is a common problem wherever enterovirus 71 is prevalent (e.g., see: Hand, foot & mouth disease - Viet Nam (11),
ProMED-mail archive number 20120712,1195237).

The HealthMap interactive map of Cambodia can be accessed at: http://healthmap.ora/r/2g4s. - Mod.CP]
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Y, World Health
 Organization

Global Alert and Response (GAR)

Undiagnosed illness in Cambodia - update

9 JULY 2012 - As part of the continuing investigations into the undiagnosed
iliness, the Ministry of Health of the Kingdom of Cambodia is finalizing the
review of all suspected hospitalised cases. This final review added an ’

additional two cases between April to 5 July 2012, making the total number -

of children affected to be 59. Of these, 52 have died.

The age of the cases range from three monihs to 11 years old, with the
majority being under three years old. The overall male: female ratio is 1.3:1.

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

Based on the latest laboratory results, a significant proportion of the
samples tested positive for enterovirus 71 (EV-71), which causes hand foot
and mouth disease (HFMD). The EV-71 virus has been known to generally
cause severe complications amongst some patients.

Additionally, a number of other pathogens, including dengue and
streptococcus suis were identified in some of the samples, The samples
were found to be negative for HSN1 and other influenza viruses, SARS and
Nipah.

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

WHO and partners, which include Institut Pasteur du Cambodge and US
Centers 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 includes frequent washing of hands.

Some facts on hand foot and mouth disease:

Hand foot 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 also
buttocks.

HFMD is most commonly caused by coxsackievirus A16, which usually
results in a mild self-limiting disease with a few complications. HFMD is also
caused by enteroviruses, including enterovirus 71 {(EV71) which has heen
associated with serious complications in certain groups, and may cause
deaths.

BENESIS 2012-011
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Related links

A Guide to clinical management and
public health response for hand, foot
and mouth disease (HFMD)

Hand, foot and mouth disease
information sheet



HFMD mainly occurs amongst children under 10 years old. The usual
period from infection to onset of symptoms is 3-7 days.

The disease usually begins with fever, poor appetite, malaise, and
frequently with a sore throat. One or two days after fever onset, painful
sores develop in the mouth. They begin as small red spots that blister and
then often become ulcers. They are usually located on the tongue, gums
and inside of the cheeks. A non-itchy skin rash develops over 1-2 days with
flat or raised red spots, some with blisters. The rash is usually located on
the palms of the hands and soles of the feet, and may alsc appear on the
buttocks and/or genitalia. A person with HFMD may not have symptoms, or
may have only the rash or only mouth ulcers, in a small number of cases,
children may experience a brief febrile illness, present with mixed
neurological and respiratory symptoms and succumb rapidly from the
disease,

HFMD virus is contagious and infection is spread from person to person by
direct contact with nose or throat discharges, saliva, fluid from blisters, or
the stool of infected persons, infected persons are most contagious during
the first week of the illness but the period of communicability can last for
several weeks. HFMD is not transmitted from pets or other animals. HFMD
should not be confused with the different disease in animais called foot-and-
mouth disease,

Presently, there is no specific treatment available for HFMD. Patients
should drink plenty of water or other liguids and may require treatment of
the symptoms.

Health care providers are advised to treat patients according fo their
symptoms and to refrain from using steroids.
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47 PCR £ , 36500 VercES 4o M3 79 % 4 4, 56 W 5 B DNA A 9 47 8 %, £ BLAST # A4 N, BR
BH S AMARSHFAEM L IHRFAARA AL L BRI RTE. 0 SR ANF A% AZL BB 4130
Bgey R i ik, A0 AsS/BT M £ R R E P32 £1,5 B AR R AT AR Y PCREFRE, ZRRARE
R1HREVRES W 4 PIZ BB H > Uy o DNA J BIFFI BIRA 10009 B 84,3 %50 5 % 4% % GIO-LKV H %
HIA 0% B MM, ERERRE R E RV BB 8 W 8 R W T 2008 4 @479 8 R AR W 2005
£R R BRBAIEH R, 5 2009 FRERMRAH SR LA RENBRER, i ERTUAEABLEANER
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Laboratory ‘disgnosis on an outhreak of human
cases jnfected with Goatpox Virus in Chongging

LING Hixﬁ",LI Qin' ,JIN Lian-mei® , PENG Ke-is® .ZHAO Chun-fang! ,CHEN Xi*,
WANG Yu-lin' , FENG Lian~gui’ ;ZHAO Hua' ,CHEN Ying-qiong’ , LI Xi-lin® , YE Sheng}

£1.Chungqing Center fir Disease Controt and Pravention ,Chongging 400042+ Chinds .
2, Chinese Center for Disease Control and Prevention, Fn;i Fing 100052, Chiria;
3, Pengshui Ceriter for Disiase Contral and Préuvesition , Pengshutd09600, China)

ABSTRACT 112010, an qutbfésk of 34 suspected cases of hupian infected. with capripox tineswas reported in Pengshui
County, Changgings Chins., Nine specimens, including vesicle fliid,. eye discharge and scab, were collectéd from 5’ humin cases
.and’'3 capripox infectad goats.tespectively. Viral DNA, was detected by PCR with capripox virus specifie ['qri!ners; whilevirus i-
solation was pecformed for'all specimens on VercE6 cells. PCR amplification ravealed that ajl specim;‘.ns were positive for A20L
gene. Addlﬁomﬂy, one \m'us ‘was tsohtcd fmm eye dlscharge of an infected goat. For the P32 gene. 4 of 5 human cases were
'also shmved that ail three sequences clustu'ed within gostpox virus, wu:h close relntmnshlp w;th 8 goatpox virus isolating &m_n
Liujiang of Guangxi, China in 2603 and a Vietnam-ogiginated goatppi virus i 2005, In conclusion, an ovthreak-of human casés
‘infected with goatpox virus was confirmed by several approeches in.our laboratery. This i_nves:ti'gntian suggrested that glose con-
tact with infectad goats tmported from Sichuan had caused these clustered hurnan infections, that routine quérantine on importsd
livestoclk should be irmplemented immediately, and that relevant health education is requived for those farmers.

ERY WORDS. dutbresk; goatpox virus; virus isolation; nucleie acid afn‘pliﬁcaﬁon
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disease virus , LSDV) R R FPREFEA LA HEMN.
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BETEALRSE 1 REABRESRERN, SR
BREEFNEN HEARETESABERNE
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1 ¥MEETE
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Tab,3  Spéclmens informadtion of 5 suspeeted cases of human unfectedwoth capripoxuins caprigox.
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1.2 SN PCR I H{XC2700.8 PCR {#)20 %M
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Best Viral RNAYDNA Extraction Kit. Vard. X g %R
&4 TRE BT, PCR MM(GoTag Hot Start Green
Master Mix, ME12BY M &1 36 B Promega 40T, VeroES 4
B o W B R R LR TS M TR

1.3 MESE BEAERERELBYEE, SFHMA
T AR (RN 2 D00 AL/l B 1 000 S48/
wL) AR SRR BB L 1§ 5 A RPMIL640 RN

985 000 ¢/min Wit 18 i, BLEWHIA SRR AR R

(i 20008 f /L F0 1 000 B/ LY 4 'czdcﬁﬂ;
. MO HBERRS 100 (L FIHMA 200 (L HiR
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PCRGMERRBER KENFEE,

1.4 ﬁwm#m Al F3 & PCR #ﬁ%ﬁ#ﬁ&%i&%ﬂ
A GAPDH {31 % 2.

2 ERTREDRH N
~Tab.2 Primexs nsed for PCR smplification;

GE L ElE:E:2] #iﬁf‘wﬁlﬁ(bm RS ok

Enpnugsy .

CPYS 5-AACTGCOGTCAATGAAGAATGG-3 413 A29L 1

CPVA $“TTICAAAGCTTGTTTTTAACGTIRGG-3" .

A9S §-CACGGATCCATG GEAGAT ATC.CCA TTAS! 1024 P32 %

87 5-AAC AAG CTT ACT CTC ATT GGT GTT CGG-3'
st R34

GAPDHI, 5-GAA GOT GAA GGT CGG AGT-3' _ 226

GAPDHZ 5“GAA GAT GGI°GAT GBG ATT TC-3

¥4t PCR B AR R SN 50 oL, 048 2XECR

Master Mix buffer 25 pL, E.F# 5| # (CPVS - CPVA,’
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pLy FEd DNA 845 10 pL,dH,0 9 pl, HEAH.95 T2
ming95 'C 20 5,55 C 60 5,72 C 60's,35 ;72 C
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L5 DNAFFMERAH BWPCRIME, B¥EEH
TR, & RN EL I AR BERE S B AR DNA =4 2 3
KRS PCR =4 1 4 i FeEA B, A S5 4
AN, ¥4I DNASr 4 % BLAST 45
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#, FREMESREPR EANERESY
A95/BT &l 5 fr ABERA, A 4 MR B,
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Fig.1 Phylogenetic iree based on partial P32 DNA sequences
of capripox virus
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Abstract The seroprevalence of porcine cytomegalovirus
(PCMV) and sapovirus (SaV) infections in pigs was
investigated in Hunan 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 evaluated for antibodies against
PCMV and SaV using enzyme-linked immunosorbent
assay (ELISA). The overall seroprevalence of porcine
cytomegalovirus and sapovirus 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 highest preva-
lence was found in breeding sows (96.67% for PCMV and
83.33% for SaVs). The results of the present survey indi-
cated that infections with porcine cytomegalovirus and
sapovirus are highly prevalent in pigs in Hunan province,
China.

Introduction

Porcine cytomegalovirus (PCMV) is a betaherpesvirus
belonging to the family Herpesviridae. PCMV causes
inclusion body rhinitis, poor weight gain and death of
newborn piglets [11, 14]. In herds, 2 major site of infection
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tends to be the turbinates and the rest of the upper respi-
ratory tract, and pigs under three weeks of age may suffer
from pneumonia or generalized infection [8]. PCMV
infection is also an important problem for human allo-
transplantation {7]. Human cytomegalovirus is ubiquitous
in all populations, and infect up to 1% of all newborns [23,
26). Porcine sapoviruses (SaVs) are important enteric
pathogens that can cause acute gastroenteritis in humans
and animals. SaVs can cause diarthea in pigs under
experimental conditions [1]. Moreover, SaVs. are also
transmissible to humans, and the prevalence of human
SaVs ranges from 0.3% to 9.3% worldwide [22]. SaVs are
an important cause of acute gastroenteritis in infants and
young children, as well as. viral gastroenteritis in the
elderly or other age groups [9, 15, 21]. It is estimated that
approximately 19% of viral gastroenteritis in children in
China is caused by SaVs [25].

In the past decade, Hunan province has undergone major
socio-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 inten-
sively. In addition, PCMV and SaVs have global distri-
bution, and their prevalence in pig herds mipght be
underestimated, which can result in significant health
problems as well as economic logses globally [4, 5]. More
importantly, SaVs can also infect humans and is considered
a significant enteropathogen causing acute pastroenteritis
wotldwide [9, 15, 21, 28]. Theréfore, investigation of
PCMYV and SaV infection in pigs has important implica-
tions for the prevention and control of both viruses in
humans and animals in Hunan province. However, anti-
bedies against PCMV and SaVs 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 reported.
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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 province. The results should
provide a foundation for the improved control of PCMV
and SaVs infection in pigs in this province.

Materials and methods
The smdy province

Hunan province is situated in the central eastern part of
mainland China, between the northern latitudes of 25° to
30° and eastern longitudes of 109° to 114°. The climate is
humid subtropical monsoon with an average annual tem-
perature of 16-18°C. The average annual rainfall ranges
from 1200 to 1700 mm. Hunan province is divided in to 14
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 Qctober 2010 from pigs in intensive farms that
are distributed in 10 representative administrative regions
in Hunan 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 their health status. Information about
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
cytomegalovirus or sapovirus, Healthy animals from each

Table 1 Seroprevalence of porcine cytomegalovirus and sapoviruses
in pigs in Hunan province as determined by ELISA

Source of serum  No. examined No. positive  Prevalence (%)
PCMV/SaVs PCMV/SaVs
Yueyang 50 48/34 96.00/68.00
Yiyang 40 39/26 97.50/65.00
Shaoyang 55 53/31 96.36/56.36
Henyang 64 62/39 96.88/60.94
Yongzhou 60 58/36 96.67/60.00
Changsha 40 38/29 95.00/72.50
Xiangtan 38 36/26 94,74/68.42
Loudi 42 40/27 95.23/64,29
Huathua 45 43/31 95.56/68.89
Chenzhou 66 65/38 98.48/57.58
Total 500 4821317 96.40/63.40
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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 transport to
the laboratory at the College of Veterinary Medicine,
Hunan Agricultural 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 use.

Serological examination

Antibodies against PCMV and SaV were detected by
indirect gB-ELISA and VP1-ELISA methods, respectively
[17, 18]. Briefly, a 96-well ELISA plate was coated with
PCMV- or SaV-specific antigen, and 100-pul diluted serum
samples were then added to the test wells. Positive control
sera were collected from piglets that were experimentally
infected with PCMV or SaV. Negative control sera were
collected from newborn piglets born {0 sows that were not
infected.

The results of the test were expressed as the optical
density (OD) value 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 wells. Based on the S/P value,
classification of each sample was as follows: S/P< 0.3,
negative (—); S/P>0.4, positive (-+); 0.3< 5/P<0.4, suspi-
cious (—/+) for PCVM, and S/P<2.0, negative (—);
S8/P>2.1, positive (+); 2.0< 8/P<2.1, suspicious (—/+) for
SaVs,

Statistical analysis

Differences in the PCMV and SaV seropositivity in pigs
from different geographical Jocalities were analyzed using
the chi square test in SPSS for Windows (Release 17.0,
standard version, SPSS Inc., Chicago, IL, USA).

Results and discussion

Antibodies to PCMV and SaV were detected in 96.40%
{482/500) and 63.40% (317/500) of the pigs examined by
indirect gB-ELISA and VPI1-ELISA, respectively. The
seroprevalence of PCMV and SaV infection in pigs ranged
from 56.36% to 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 sero-
prevalence of PCMYV in pigs in all of the 10 representative

" administrative regions in Hunan province was more than

90%, and the highest seroprevalence (98.48%) was in
Chenzhou (Table 1). The SaV seroprevalence in pigs in
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Table 2 Seroprevalence of porcine cytomegalovirus in pigs of different categories in Hunan province as determined by ELISA

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

Suckling pigs 1-3 weeks 79 60 57 95.0

Weanling pigs 4-10 weeks 12-17 60 51 85.0

Fattening pigs 12-18 weeks 55-70 60 55 91.67

Total 240 221 92.08

Table 3 Seroprevalence of porcine sapovirus in pigs of different categories in Hunan province as determined by ELISA

Category Approximate age Weight (kg) "No. examined No. positive Prevalence (%)
Breeding sows Adult females 120-150 42 .35 83.33
Weanling pigs 1-3 weeks 12-17 96 66 68.75

Total X 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 SaV infection in pigs in China prior to our present
investigation; only case reports and preliminary research in
pigs have been documented [13, 16, 19, 25]. This is likely
due to the scarcity of the detection reagents required to
undertake the needed epidemiological surveys. The overall
seroprevalence found in this study was 96.40% for PCMV
and 63.40% for SaVs, which is consistent with previous
results using a PCR approach [13, 14, 19, 25], indicating
the frequent circulation of PCMV and SaVs in China. The
overall seroprevalence of PCMV was similar to that
reported in Canada [3] but lower than that in Japan [27].
This may be attributed to different animal-welfare and
husbandry practices. The overall seroprevalence of SaVs
was similar to that reported in Venezuela [1].

In the present study, breeding sows had the highest
PCMV seroprevalence (96.67%), followed by suckling
pigs (95.0%), fattening pigs (91.67%), and weanling pigs
(85.0%) (Table 2), although these differences were not
statistically significant (P>0.05). The highest seropreva-
lence of SaVs in breeding sows was 83.33%, followed by
weaning pigs (68.75%) (Table 3). Our investigation indi-
cated that weanling pigs had a 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
collected from pigs 10 and 12 weeks of age.

It is hypothesized that the seroprevalence of PCMV in
sows is an indicator of infection because of vertical
transmission of PCMV from sows to their offspring. In the
present investigation, the seroprevalence of PCMYV in sows
was 96.67%, which supports this hypothesis. Although

transmission of PCMV can occur through milk, through
intrauterine transmission, and through transmission during
the perinatal period 5, 6, 12], the most common routes of
transmission are via the oropharyngeal and genital tracts,
because the virus is excreted through body fluids [20]. In the
present investigation, the seroprevalence of PCMV was also
widely distributed among other categories of pigs, con-
firming that the most common route of transmission of
PCMYV is horizontal transmission. Very limited data are
available regarding the transmission of SaVs, and in a recent
review, it was concluded that the major route of transmission
of SaVs is fecal-oral [2], but it is not yet known whether
vomit and contaminated food are also infectious.

In conclusion, the results of the present survey indicate
that both PCMYV and SaV infections are highly prevalent in
pigs in Hunan province, but this severe situation has
received little attention in the past. Therefore6, it is
imperative to apply integrated control strategies and mea-
sures to prevent and control PCMV 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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Aim: nJapan, the etiology of 10-20% of cases of acute hepa-
titis remains unclarified. This study was conducted to verify
the agent causing non-A-E hepatitis.

Methods: Serum samples from 500 blood donors with
elevated alanine aminotransferase {ALT} levels were screened
by polymerase chain reaction using primers constructed
from conserved areas of RNA virus helicase. The sequence
ohtained was investigated for viral properties,

Results: Four blood samples were found to contain a novel
DNA sequence of 9496 bp, which was designated Kis-V. Kis-V
was sensitive to the restrictlon enzyme Salt and 8stX!. Rolling-
circle amplification produced an excessive amount of Kis-v
DNA. In sucrose density gradient ultracentrifugation, Kis-v
banded at a 1.158-g/fcm® density. Detergent treatment
increased the density of KIs-V, There was no Kls-V DNA ampli-
fication frorn human leukocyte DNA. Serial filtration sug-
gested that Kis-V was included in a 30-50-nm size particle. In

silico analysis revealed that Kis-V contained 13 potential
genes, none of which showed homalogy to any viral proteins
reported. One gene showed similarity to a8 DNA polymerase
domain. Strong signals for transcription initiation and a CpG
island were identified, The nucleotide compasition of Kis-v
showed a characteristic feature of circular DNA genomes that
contain a replication origin and a terminus. In a preliminary
study, Kis-V was frequently identified among hepatitis E virus
anttbody positive individuals with elevated ALT levels.
Conclusion: A new sequence Kls-V was isolated from blood
donhors with elevated ALT tevels. It was suggested that KIs-V is
a double-stranded circular DNA genome derived from a novel
category of enveloped viruses.

Key words: alanine aminotransferase, hepatitis virus,
non-A-E hepatitis, RNA helicase

INTRODUCTION

RAL HEPATITIS CONSTITUTES a disease category

of vital importance not only because of its high
morbidity and mortality but also because of its high
prevalence and transmissibility. To date, a causal rela-
tionship between vinuses and hepatitis has been estab-
lished for hepatitis A, B, C, D and E. A number of
serological and/or genetic methods have been proposed
for the detection of these viruses in the sera 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 eticlogy 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 contrast to these sophisticated but laborious
methods, we attempted to directly detect a new
sequence using primers constructed from a conserved
portion of RNA virus helicase.”® Applying this method
to blood samples from volunteer 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 article, we describe the

characteristics of the novel sequence obtained and its
homology with those of known organisms.
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METHODS

Blood samples and testing for
hepatitis virus

LOOD SAMPLES WERE obtained from the blood

donors 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 FCV has been
described elsewhere.®® Anti-hepatitis E virus antibody
(HEVAb) was measured by IgGflgM anti-HEV EIA
(Institute of Immunology, Tokyo, Japan). HEV-RNA
was detected by reverse transcription {RT)-PCR follow-
ing the method of Mizuo etal" The whole study
program on the identification of novel viruses among
blood donors was approved by the Japanese Red Cross
ethics comumittee.

Screening for and determination of
nucleotides with novel sequences

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

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 transcriptase (SuperScript 11I; Invitrogen, Tokyo,
Japan). PCR was performed for 35 cycles (94°C, 30s;
55°C, 30 5; 72°C, 2 min} using primers IA-3 and IV-3
{Table 1) that were constructed according to the amino
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
obtained was designated Kls. It was first determined
that the Kis sequence had a DNA nature (see below).
Employing the primer walking technique, unknown
pottions of the Kls 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-1I; Seegene, Seoul, South Korea).
The extension and determination of the sequence was
repeated, and the sequence thus obtained was desig-
nated Kls-V.

In the scréening or experiments that required the con-
firmation of Kls-V, nested PCR was performed using
primers that were constructed on the basis of the KIs-V
sequence: 101-C and N101-B for the first-round PCR

Target sequence Names Polarity Sequences Positions {nt)

KIs 1A-3 Sense 5-CCIACIGGIAGIGGIAARAGCAC-3"
v-3 Antisense 5-CTICCMGTGCGICCICGSCGYTG-3"

sV 101-C Sense 5-CAACACCGCAATCACAAAGT-3' 3007-3026
N101-B Antisense -AACATTGAAACGTCATGTCC-3’ 3445-3464
KS-2 Sense 5-CTCGTCTCGTCGTCATCGTA-3" 3082-3101
N101-D Antisense S-CATTEGCTCCCGCTGGAGATG-3' 3365-3385
Kiv-13 Sense 5 -CAATGAGATTGGATGGACGA-3' 9195-9214
101-TT Antisense 5-CCGTGAAGGTGTTGGCAAAG-3 321-340
KIV-14 Sense 5 -CGTGTACTAACTATACTGAC-3' 9255-9274
KIv-2 Antisense 5-CACTCGTCCATTATACCGCT-3" 121-140
KIv.5 Sense 5-AGAACGGTGACGAGATAAAC-3’ 457-476
101-Su Sense 53-ATGGGCTATTCICAATCACC-3’ 5715-5734
101-29 Sense ‘-ACCTGCGCCTGAGGCTACGA-3’ 6888-~6907
101-45 Sense 5 TGGGTAAAGTATGCAGAGTTGT-3’ 8863-8884
101-T Antisense S TCGATCCGCTITCGGTACGT-3” 1383-1402
101-GR Antisense 5'-CACGCGATTCCCATATCCCT-3" 8789-8808
X-7 Antisense 5 . TGGGAGTATGGAGTCGACAT-3" 5331-5350
X-3 Antisense 5-GITGGGAAGAGGTTGATTIGT-3" 4091-4110
101-22 Sense 5-GCTCAACGAACTCGCCTCGA-3’ 48838-4907

HEBV Sense -TCGTGTTACAGGCGGGGTIT-3’ 192-211

Antisense -CGAACCACTGAACAAATGGC-3' 685-704
HCV Antisense -AACACTACTCGGCTAGCAGT-3' 246-265
Sense -CTGTGAGGAACTACTGTCIT-3' 45-64

B19V 425 Sense S-CAGTATCAGCAGCAGTGGTGGTG-3* 1956-1978

426 Antisense N 5'-GGG@TTAGAAGC’I‘CCCACATGGC—3' 2360-2382

© 2011 The Japan Sodety of Hepatology
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{34 cycles); KS-2 and N101-D for the second-round PCR
{25 cycles) (Table 1) (94°C, 30s; 55°C, 305 72°C,
2 min). The KIs-V nucleotide 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-positive

- plasima and divided into three tubes. The first aliquot
(0.1 mL) was digested with 4 units of deoxyribonuclease
I (DNase I; Takara Shuzo, Shiga, Japan) at 37°Cfor1 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 circular 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 circular structure of
KlIs-V was further confirmed employing rolling-circle
amplification (RCA) using an Mustra TempliPhi DNA
Arnplification kit (GE Healthcare Science, Piscataway,
NJ, TISA). In brief, DMNA 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 subjected to
nested PCR using the primers for KIs-V. The same RCA
experiment was conducted using two sets of primers,
each of which consisted of five primers constructed from
the KIs-V sequence (sense primers 101-C, KIV-5, 101-8u,
101-29, 101-45; antisense primers N101-B, KIV-2,
101-T, 101-6R, X-7; Table 1}.

Enzyme digestion experiments were performed using
iwo restriction enzymes specific for double-stranded
DNA, Sall and BstXI. The Sall consensus cleavage site
was identified within the sequence, and primers were
constructed for both sides of the cleavage site, DNA
extracted from plasma containing 107 copies/ml. Kis-V
was treated with varying concentrations of Sall (Takara
Shuzo} 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 constructed. For the digestion with BstXI, a diluted
sample containing 10° copiesfmL Kls-V was used. A
plasma sample containing 10* copies/mL human par-
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vovirus B19 (B19V), a single-stranded DNA virus, was
included as a control. Extracted DNA was digested with
BstXI (Takara Shuzo) at 45°C for 1 h. The primers used .
for PCR were constructed so that they cross over the
BstXI cleavage site in the KIs-V sequence and authentic
B19V sequence {GenBank accession no. M13178-1a).
To elucidate the approximate size of the putative par-
ticle containing the Kis-V sequence, a filter passage
experiment was carried out. The pore sizes of the filters
used were 0.2, 0.1, 0.05 and 0.03 pm (Nucepore
Track-Etch Membrane; Whauman Japan, Tokyo, Japan).
KIs-V-positive plasma diluted at a concentration of
approximately 10° copies/mL was loaded onto the filter
with a 0.2-um pore size, After removing 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 until effluent was obtained from the filter with
a 0.03-um pore size. As a reference, HBV-containing
plasma was also subjected to the same sequential filtra-
tion. Tenfold titration series were prepared from each
efftuent, from which DNA was extracted and subjected
to PCR using Kls-V-specific or HBV-specific primers
{Table 1). The end titration value with positive PCR was

" evaluated as the viral concentration in the effluent.

Ultracentrifugation in sucrose
density gradient

A plasma cocktail (0.4 mL) containing Kis-V, HBV and
HCV was layered onto a stepwise density gradient con-
sisting of 1.0 mL of 60% (w/v) sucrose and 0.4 mL each
of 50%, 40%, 30% and 20% sucrose in Tris-HCl buffer
{50 mM, pH 8.0, TE buffer) containing 1 mM ethylene-
diarnine tetraacetic acid in a 4.4-ml tube. The tube was
overlaid with 1.4 mL of TE buffer and centrifuged at
256 760 g for 16.5h at 10°C in a Beckman SW60Ti
rotor (Beckman, Palo Alto, CA, USA). The tube was
pierced at the bottom, and 200-uL fractions were col-
lected, for which PCR analysis of KIs-V-DNA, HBV-DNA
and HCV-RNA was performed. The primers used for
determining HBV or HCV are shown in Table 1.

To explore whether Kis-V is lipid-enveloped, Kis-V-
positive 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 distribution 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 interface
programs FGENESYD and TSSG, tespectively (www.

® 2011 The Japan Society of Hepatology
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molquest.com). Protein coding regions were pre-
dicted assuming the eukaryote genome genetic code.
The transmembrane regions of the predicted pro-
teins were inferred using the TMHMM web server
ver. 2.0 (www.cbs.dtu.dkfservices/TMHMM/). Homol-
ogy search (BLAST} and conserved domain search (CD-
search) were conducted through the NCBI web server
{(www.ncbi.nlm.nih.gov/).

The GC skew plot was generated using an in-house
Perl script. The cumulative  values of (#G-#C)/
(#G + #C) were plotted with a window size of 2 kb and
100-bp intervals, where #G and #C represent the
numbers of G and C nuceotides, respectively, in the
window on the sense strand.

RESULTS

Detection of KIs and KlIs-V from donors with
high ALT levels

LASMA SAMPLES FRCM 12 out of 500 donors with

more than 60 IU/L ALT were found to be RT-PCR-
positive using the primers JA-3 and TV-3. Bight 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 femnale donor, were subjected to further analysis.
The ages of the four donors ranged 30-49 years. Their
ALT levels were between 61 and 82 IU/L. The DNA
sequences of the amplification products from the four

24 TGCCTTARCET
101-C

Acccoclcaac

GGCTGLT RAG

3001 ACCGCAATC A

CAAAGTIAAAC AATAGATCCG AAACGTCACA

Hepatology Research 2011; 41: 971-981

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

During the initial screening, it was noticed that there
was litde difference in PCR yield with or without prior
RT, suggesting a DNA nature of the sequence. To
confirm this, nucleic acids extracted from a Xls-positive
sample was treated either with DiNase or RNase and
then subjected to RT-PCR. Nucleic acids treated with
RNase, not DNase, were amplified by RT-PCR, indicat-
ing that the novel sequence obtained was a DNA (data
not shown).

After several c¢ycles of extension of the KIs sequence
using the primer walking method, inverted PCR was
carried out 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 deterrnined to be 9496 nucieotides from
this experiment. The sequence was designated Kls-V
and registered in GenBank with the accession number
AB550431. Using the primer sets for the nested PCR for
Ks-V (101-Cand N101-B, K$-2 and N101-D), screening
was repeated for the 500 blood samples, which resulted
in the identification of 16 samples, including the four
samples described abave, to be Kis-V-positive,

TCAACAACTC GACCACGACG COTATCAACCT ATCTCGAAAC

TTCTACCGAC

3051 TCTITACACCA TGTCTCGTIGA

321 CCATCTTCCA GCATGAAATC

3151 CTAGGCGAAA GAGTCEACAA

3211 CGTCAAATCAG TCATCAGACC

3301 TEGTCCACAT
H101-D

GTT

ACCGACCATC

3361

K52

ACTCGIETCC TCOTCATCHT AT CCACTTIC
CAGCCAGTCA CGTATACCGG TGAAAGCCAA
CCACGATCAC
TCECATCATC

ACCTCGAGLEG GLAGTACAAG GTTCCCCITC

TCTCG AGACCCGGAC ATACACCCCA

NI0)-B

CAATCCCACC
GAGAGCACCA |
ACCACYCLCCC GTCAGEACCT CEGTCAAGTCT
TCTACAAACGT CGACCGLTAG TCCATCAAAG

ATCCTCAATC

CCCTCGCCGC

3421

TCATCTGTTG GTCTCGCATT CCTTAGGACAT GACGTTTCAA TGITIGAT GGA

TACTACTCGG

Figure 1 Nucleotide sequences of KIs and primers used to detect Kis-V, Bold characters indicate the Kls sequence that was first
detected using the primers constructed from the consensus domain of helicase of positive-stranded RNA viruses. Primers used to
detect KIs-V are shown in boxes: first-round polymerase chain reaction (PCR) primers, 101-C and N101-B; second-round PCR

primers, KS-2 and N101-D.
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600 bp

Figure 2 Electrophoresis of products of inverted polymerase
chain reaction (PCR) using primers constructed near both ter-
minals of KIs-V. The primers used are KIV-13 (nt 9195-9214)
and 101-TT (nt 321-340) for Jane 1 and KIV-14 (nt 9255~
9274) and KIV-2 (nt 121-140) for lane 2. Bands indicated by
arrow a in Jane 1 and arrow 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 concordant
sequence. The nucleotide lengths of band a and band b were
assumned to be 641 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 Kis-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. It 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 Kis-V with completely identical
sequences. The concentration of Kls-V in the four donor
samples was between 10° and 10® copies/ml, as verified
by limiting dilution assay.

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

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

Nine cleavage sites for the restriction enzyme Sall
were identified in the Kls-V sequence: nt 688, 1349,
3193, 3279, 5333, 6496, 8013, 8135 and 8748. PCR
was performed targeting restriction sites nt 3193 and
3279 using primer pairs KS-2 (nt 3082-3101)/X-3
(nt 4091-4110) and 101-C {nt 3007-3026)/N101-B
(nt 3445-3464). The amplification product was not
obtained from a sample treated with 10 U/uL Sall solu-
tion (Fig. 3a).

Four cleavage sites for BstXI were identified in 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
pretreatment of KIs-V DNA with 10 UfuL BsiXI abro-
gated the production of polynucleotides by FCR using
the above primers (Fig. 3b left). In the B19V sequence,
two cleavage sites for BstXI were identified: nt 2033 and
nt 4730. Targeting nt 2033, primers were constructed:
425 (nt 1956-1978) and 426 (nt 2360-2382)
(Table 1}. The pretreatment of B19V-DNA with BstXI
did not change the density of the bands of PCR products
{Fig. 3b right). Overal, these findings indicate that KIs-V
forms a double-siranded DNA structure.

Regarding the effect of DNase treatment on PCR, the
DNase treatment. (41 DNase I at 37°C for 1 h) of Kls-
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-
sensitive substance (data not shown).

‘We next carried out the serial passage of Kls-v-
containing plasma through filters of various pore sizes,
Because of the blocking of the filter, we were often
unable to recover the full volume loaded in the effluent.
It is nevertheless evident that the 0.05-um filter passed
the KIs-V sequence freely, whereas the 0.03-pm filter
trapped it completely, as no Kls-V amplification was
obtained using neat effluent from the 0.03-um filter
(Table 2). These findings indicate that the size of the
putative particle containing the Kis-V sequence is
between 30 and 50 nm. As a reference, the same experi-
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Figure 3 Digestion of DNA with restriction enzymes Sall {a} and BsiXI (b) that are specific for double-stranded DNA. (2) DNA
extracted from plasma containing 107 copies/ml. Kis-V was digested with Sall and amplified using primers 101C and N101B (left)
or KS-2 and X-3 (right). There are two Sall-cleavage sites between the sense primer and the antisense primer in both primer
combinations. The concentrations of Sall were 10 U/pL {or lanes 2 and 6, 1 UfpL for lanes 3 and 7, and 0.25 UfuL for lanes 4 and
8. Lanes 1 and 5 show the control without the enzyme. (b) DNA extracted from a sample containing 10° copies/mL Kls-V (left) and
DNA from plasma confaining 10° copies/mL human parvovirus B19 (B19V) (right) were digested with BstXI and electrophoresed
after polymerase chain reaction (PCR). Primers used for PCR are X-7 and 10122 for KIs-V and 425 and 426 for B19V. There is one
BstXI-cleavage site between the primers in both the Kis-V and B19V sequence. The concentrations of BstXI were 10 UfuL for lanes
2 and 6, 1 UfuL for lanes 3 and 7, and 0.25 UfuL for lanes 4 and 8. Lanes 1 and 5 show the control without the enzyme. Lane M
shows DNA ladder marker by every 100 bp with the bold line indicating 600 bp.
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Table 2 Filter passage performance of Kls-V-positive plasma

Pore size of filters (um) 0.2 0.1 0.05 0.03
Kls-V
Loaded volume (mL) 5 4 23 17
Effluent volume (mlL) 4 23 1.7 08
End titert 1000 1000 1000 0F
HBV
Loaded volume (mL) 5 4 25 2
Effluent volume (mL) 4 2.5 2 1
End titer 1000 1000 1000 0

Plasma containing either Kis-V or hepatitis B virus (HBV), the
concentration of which was adjusted to approximately 103
copies/mL, was loaded onto the filter with 0.2-im pores and the
effluent of this filter was loaded onto the filter with the second
larger pote size.

tMaximum plasma dilution that yielded positive polymerase
chain reaction {PCR) result.

$Neat effluent 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-pm
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, HBV and HCV
was fractionated by ultracentrifugation in a sucrose
density gradient. KIs-V appeared in the fractions with a
peakat 1.158 gfem?® as revealed by PCR, while HBV and
HCV appeared in those with peaks at 1.23 and 1.024 g/
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 KIs-V sequence shifted from 1.158 gfem?®
for the non-treated sample to 1.210 g/fcm?® for the
treated sample, indicating that KIs-V is lipid-enveloped
{Fig. 5).

In silico analysis of Kls-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). Ten 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 815-a.a-long protein (gene 6).
Detailed annotations are summarized in Table 3.
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Figure 4 Sucrose density gradient analysis of Kis-V. A cocktail
of plasma sample containing Kis-V, hepatitis B vims (HBV)
and hepatitis C virus (HCV) was subjected to sucrose density

" gradient ultracentrifugation, and 19 fractions were collected.

The relative amounts of the polymerase chain reaction (PCR)
products for each virus are shown in a composite figure. The
left axis shows the intensity of the gel band of PCR products for
HBV (<), HCV (O) and KIs-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 to
high homologies to proteins encoded in bacteria or
fungi. In particular, genes 10 and 13 showed high
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Figure 5 Sucrose density gradient 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 20 fractions
were collected. The relative amounts of the polymerase chain
reaction (PCR) products of each sample are shown in a com-
posite figure. The left axis shows the intensity of the gel band of
PCR products for non-detergent-treated KIs-V (B} and that for
detergent-treated Kis-V (A). The right axis shows sucrose
density (g/mL, ®@).
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Table 3 In silico analysis of KIs-V sequence

Hepatology Research 2011; 41: 971-981

Gene ID  Strand  Start End

Length  PIt MWF - Best BLAST hit, Identity CD-search§  TMHMMY
(aa) (kD) (%), E-value
1 + 76 450 124 476 13.4441 YP_003797582,33%, 3.1  No hit No hit
2 - 594 1361 255 1057  29.2631  XP_659885, 39%, 0.42 No hit No hit
3 + 1592 1870 92 7.81 9.1172  YP_288237, 34%, 0.28 No hit 6888
4 + 3070 3669 199 9.92  21.2769 ZP_04094369, 26%, 0.97  No hit No hit
5 + 3826 4293 155 10.44 18.0216  No hit No hit No hit
6 + 3831 6278 815 6.63  86.5631 No hit PRK14971 No hit
7 + 5233 6054 273 11.45 323655 ZP_07063563, 23%, 6.0 No hit 106-124
8 * 6224 6484 86 10.93 10.3484  No hit No hit No hit
9 + 6611 6880 89 12.81 10.3323  XP_001527475, 30%, 74  No hit No hit
10 + 6877 7872 331 9.51 36.6633 XP_567444, 40%, 6e-37 Npo hit No hit
11 + 7888 8610 240 “ 1033 25.9111 ADV24399, 289, 0.004 No hit No hit
12 - 8476 8784 102 10.28 119779  XP_741105, 40%, 9.8 No hit No hit
13 = 9455 2541 860 10.20 92,5745  ADV24464, 33%, 3e-67 02694 No hit

1Predicted isoelectric point.

$Predicted molecular weight.
§Conserved domain search result.
{Prediction of transmembrane domains.

homologies to hypothetical proteins encoded in Crypto-
coccus. We also searched for putative functional domains
using the CD-search program.’? Gene 6 and gene 13
showed similarities to a DNA polymerase domain
(GenBank accession no. PRK14971) and the LCCL
domain [GenBank accession no. cl02694), respectively.
The TMHMM program predicted that two hypothetical
proteins encoded by gene 3 and gene 7 harbored short
transmembrane regions.!?

We next investigated the pattemn of nucleotide com-
position skew in the KIs-V sequence. In many circular
bacterial and viral genomes, the bias of nucleotide G
relative to Cis 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
GC skew plot, a plot of cumulative values of the bias, a
valley and a peak would correspond to the replication
origin and terminus of a circular 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 TS$G 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

© 2011 The Japan Sodety of Hepatology

showed weak signals for transcription initiation. This
region also contained a CpG island spanning from nt
4717 to nt 5194, which contains more 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.

Kis-V prevalence among blood donhors

All four KlIs-V-positive samples were found to be posi-
tive also for HEVAD by enzyme-linked immunosorbent
assay although they were negative for HEV-RNA by

v

4 £

o
|

cumulative (G-C)/(G+C)

4

0 2000 4000 6000 8000

Figure 6 GC skew plot of KIs-V sequence, The cumulative
scores of (G—C) / (G + C) in the 2000-bp-long window were
calculated at 100-bp intervals. The center of the windows was
plotted on the abscissa.
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Table 4 Relationship between Kis-V, HEVAD, and ALT level

New DNA sequence from high ALT blood donors 979

ALT <60 ALT »60
HEVADb Negative Positivet Negative Positivet
Number of samples investigated 120 196 100 100%
Number of samples positive for Kis-V 1 4] 1 36§

tAll of the hepatitis E virus antibody (HEVAb)-positive samples were negative for HEV-RNA,

$Male, 84; femnale, 16.
§Male, 30; female, 6.
ALT, alanine aminotransferase.

RT-PCR. Twelve other KIs-V-positive samples detected
among the 500 samples using nested PCR were also
HEVAb-positive. These findings prompted us to investi-
gate the relationship between HEV and KIs-V. Five
hundred and sixteen 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 blood samples. None of the 296 HEVAb-
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 level as well as positive for
HEVAb (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-female ratio between
Kls-V-positive and Kls-V-negative samples.

DISCUSSION

NOVEL DINA sequence designated KIs was detected

in blood donors with ALT levels of more than
60 IU/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 assaciated with liver 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 no
homology with the consensus sequence of the helicase,
suggesting that the sequence of the constructed prirmers
was not inherent in the helicase. Possibly, the primer
sequences with multiple positions permissive of alter-
native nucleotides 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 method, we

extended Kis to produce a sequence of 9496 nucle-
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 a
DNA. Treatment with the restriction enzyme Sall or
BstXI revealed that KIs-V is a double-stranded DNA.
The RCA experiment’ using either random hexamer
primers or Kis-V-sequence-based primers yielded an
excessive amount of DNA having the KIs-V sequence.
Inverted PCR using the primers constructed near both
terminals of the sequence produced the connecting
sequence. These results indicate that KIs-V has a circu-
lar form.

It may be argued that a plasmid has similar character-
istics to those described above. Direct treatment,
however, of the Kis-V-positive sample with DNase did
not affect the PCR yield, whereas the pretreatment with
proteinase-containing extraction reagent followed by
DNase digestion abrogated the PCR amplification of
KIs-V. This indicates that KIs-V is present in plasma not
as a nucleic acid per se but as an organisin encapsulated
by a protein. Moreover, the filter passage experiment
indicates that KIs-V is integrated in a particle-like organ-
ism having a 30-50 nm size. It is inconceivable that a
plasmid with bp of less than 10 000 has the filtration
property presented here, namely, non-passage througha
0.03-pm pore filter.

The density of KIs-V was determined as 1.158 gfam?,
indicating that Kls-V is derived from a microorganism
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, KIs-V
was considered not to be a sequence ubiquitously
present in human hosts. All of the findings presented
above indicate that Kls-V is a sequence derived from an
organism, most likely a virus, having a double-stranded
circular DNA as its genome in a lipid-enveloped
structure.

© 2011 The Japan Society of Hepatology
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There was no difference in the Kis-V nucleotide
sequence between the four samples investigated. This
may indicate that KIs-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 were no sequence
homologies between Kis-V and any other viral genomes
registered in the public databases. Our sequence analy-
sis, however, supported the idea that KIs-V is likely a
viral genome having humans as a host. First, the GC
skew plot showed that KIs-V is indeed a circular DNA
that has a replication origin and a terminus. Second, the
human promoter prediction program found strong sig-
natures of the mammalian promoter in the Kls-V
sequence. Third, a CpG island was found near the pro-
moter region, which is a typical feature of mammalian
genomes, suggesting that KIs-V is a circular DNA using
mamirnalian transcription machineries.

Although we identified a putative microorganism
with a novel sequence from blood donor samples with
high ALT levels, the ALT levels recorded among them
were relatively moderate with values between 61 and
82 IU/L, which might raise a question about its rel-
evance to hepatotoxicity. In the second screening study,
however, Kls-V was identified almost exclusively
among the HEVAb-paositive 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 contamination spectrum in foods with,
HEV. On the other hand, the finding that Kls-V is fre-
quently found among people with elevated ALT levels
suggests that Kis-V has a hepatopathological nature
indeed, causing liver dysfunction directly or indirectly.
Because KlsV 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 etiological
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; (if) it is lipid-
enveloped; (iii) it has a diameter between 30 and
50 nm; (iv) it has an inherent density of 1.158 gfcm?;
and (v) it has a replication origin and a terminus in the
sequence with a putative mammalian transcription
machineries. 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 also has to be determined whether

® 2011 The Japan Society of Hepatology
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KIs-V causes acute hepatitis or whether KIs-V carriage
leads to chronic hepatic dysfunction with a moderately
elevated ALT level. 1t is also possible that the moderate
hepatic dysfunction observed among KIs-V-positive
individuals is a secondary finding during the clinical
course of a KIs-V-associated illness that mainly targets
organ(s) other than the liver. Studies are now in
progress to collect clinical data from patients from
varied clinical categories with hepatic dysfunction.
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Usutu virus (USUV) is an African mosquito-borne
flavivitus, member of the Japanese encephalitis
antigenlc group. This avian virus is transmitted by
arthropod vectors {mainly mosquitoes of the Culex
pipiens complex}. 1f is well known that free-living
birds, including migratory species, have the poten-
tial to disperse cerfain pathogenic microorganisms.
Usutu virus has recently been introduced to Europe
and is spreading through Austria, Hungary, [taly,
Spain and Switzerland, causing disease in birds and
humans. Like West Nile virus, USUV may become a
resident pathogen in Europe and the conseguences
for public health should be considered. Maay differ-
ent blotic and abiotic factors affect the survival of
the virus in a new environiment and influence the effi-
ciency of its geographical dispersal. In this article,
we consider the possibility of including USUV infec-
tions among the vector-borne diseases to be moni-
tored in Eurape.

Background

Usutu virus (USUV} is an African mosquito-borne virus
of the family Flaviviridae, genus Flavivirus, belonging
to the Japanese encephalitis serocomplex [4}. From an
ancestral flavivirus with & bird/mosquito natural cycle
evoived the different flaviviral species present today,
such as USUV and West Nile virus {(WNV) in Africa, Asia
and Europe, Japanese encephalltis virus (JEV) in Asia,
Murray Valley encephalitis virus in Australia and Saint
Louis encephalitis virus in the American continent,
USUV was origlnally isolated from a mosquito (Culex
neavei) in 1959 in South Africa, Further USUV strains
were detected from different bird and masquito spe-
cies in Africa in subsequent years, but human dis-
ease (rash and fever) has only been reported once, in
the Central African Republic 2,3]. In the past, USUV
was niot considered as a potential threat for humans
because the virus had never been associated with
severe or fatal diseases In animals or humans, and it
had never before been observed outside tropical and
subtropical Africa.
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Avian, horse and vector surveillance

In the summer of 2001, USUY emerged in Austiia, caus-
ing deaths In several species of resident birds, espe-
cially among birds of the order Passeriformes [4-6).
In the following years, the virus has been detected in
dead birds and/or mosquitoes in several countries,
including Hungary (2005) {7], italy (2009) [8], Spain
{2006 and 2c09) [9,10} and Switzerland (2006) [11].
USUV infection has also been demonstrated serologi-
cally in wild bird hosts in the Czech Republic (2005)
[12], England (2001-2002) [13], Germany (2007) [14),
Italy (2007) [15}, Poland (2006) [16], Spain (2003-2006)
[17] and Switzerland (2006) [18] {Figure). The recurrence
of the virus over several years in Austria (2001~2006)
[19], Hungary {2003-20086) [7], ltaly (2006-2008) [8]
and Spain (2006, 2009) [9,10] suggests either frequent
reintroduction of the virus or, more likely, persistence
of the transmission In the affected areas, possibly
through overwintering mosquitoes. Comparisons of
pathologic alterations revealed similar lesions in birds
infected in the Austrian, Hungarian, ltalian and Swiss

" USUV outbreaks, and these findings were supported by

partial nucleotide sequence analysis with >99% identity
between the viruses which emerged in Vienna in 20041,
in Budapest in 2005, and in Zurich and Milan in 2006.
A one-time introduction of USUY from Africa to Europe
(Vienna} is therefore highly likely, and this particular
strain has since been spreading in Central Europe [11],
However, a two-year study carried out in 2008 to 2009
in Italy to monitor the USUV circulation within the West
Nile Disease (WND) national surveillance plan suggests
a different scenario [20]. In that work, sentinel horses
and chickens, wild birds and mosquitoes were sampled
and tested for serological and virological evidence of
USUV. Seroconversion in sentinel animals proved that
the virus had circulated in ltaly in these two years. In
addition, the study demonstrated USUY infection in
horses for first time In Eurcpe. Sequence comparison
of USUV detected from different species in different
counties showed that two different strains of USUY
are likely to have circulated in Italy between 2008 and



2009, and these strains have adapted te new hosts
and vectors to become established in new areas.

Recent human cases and

clinical characteristics

in the end of the summer 2009, the virus was associ-
ated with neurological discrders in twe immunocompro-
mised patients (both had received blood transfusions)
in ltaly [21,22]. in addition, USUV was isolated from
the blood obtained from one of these subjects during
the acute stage of disease. The patients were detected
concurrently with the active surveillance programme
of blood and organ donations that the public health
authority of the Emilia Romagna region had initfated in
August 2008, based on several veterinary and entomo-
logical reports of WNV circulation in north-eastesn Italy
[231. The two infections could be consistent with local
transmission, either directly through a mosquite bite
or indirectly through an infected donor. Both patients
had in common that they were immunosuppressed and
had received blood transfusions in the same period of
time (August 2009). As transmission for WNV through
blood products and transplantation has been docu-
mented [24,25], screening for WNV was performed of
blood samples and organ denations from 15 june to
31 October, with negative results. The two patients
were the first human cases of USUV neurcinvasive
illness described worldwide. The common clinical
symptoms were persistent fever of 3.5 °C, headache
and neurological disease (impaired neurological func-
tions). One patient developed a fulminant hepatitis, a
pathology that had heen described previously in rare
casas of WNV infection [26,27]. In both patients, the
clinical picture was similar, with a clear involvement
of the central nervous system, resembting the related
WNV netroinvasive disease. Whether this new tropism
was associated with new characteristics of the infect-
Ing viruses, with a possible inoculation reute threugh
transfusion, and/or to the underlying diseases of the
patients still remains unclear, but these findings rein-
force the need for further investigations, The partial
sequences obtained from cevebrospinal fluid (CSF)
and plasma samples of these patients were more than
98% identical with the viruses that had emerged in
Vienna and Budapest (in-zoco1 and 2005, respectively)
[21,22]. In a recent phylegenetic study of sequences of
USUV strains obtained in ltaly in 2009 from mosqui-
toes, birds and humans, the sequences obtained from
human hosts clustered with the seguences obtained
from birds, which would indicate an endemic distribu-
tion of USUVY in Europe {2¢].

Diagnostics

Clinical suspicion of USUV infection requires labora-
tory confirmation. Within laboratory methods, we can
distinguish between direct methods (detecting the
virus by cell culture or genomic amplification) and
indirect metheds (detect the antibody response to the
infection). Serological diagnosis of USUV infactions in
humans will require an approach similar to the one used

for WNV. Although there is a lack of experience about .

USUV infection in humans, it is assumed that its incu-
bation period will be two to 14 days, that USUV will be
detectable in CSF and serum in the acute stage of the
disease, and that IgM antibodies will appear five days
after onset of fever, in analogy to the current knowl-
edge about the pathogenesis of WNV-related illness
in humans. Antibodies may persist in serum for many
months after infection [28]. Diagnosis of USUV will not
be easy, particularly in areas where circulation along
with others cross-reacting flaviviruses occur. That is
the case for WNV and tick-borne encephalitis virus in
several European countries [2g]. Until more specific
diagnostic methods are developed and made avail-
able for diagnostic laboratories, antibody detection
could be carried out using cross-reacting ELISA meth-
ods designed for WNV diagnosis. It is also expected
that cross-reactivity will be higher for IgG than for
IgM detection; consequently, development of tests
for USUV-specific lgM is needed more urgently. As an
already available alternative, acute and convalescent
sera should be tested for seroconversion of igG anti-
bodies using in-house or commercial ELISA tests based O
on WNV antigens, Cross-reactions can be resolved by ™~
parallel titrations against various flaviviruses in assays
for neutralising antibodies, which are more specific

FIGURE

Diagnostic capacities for Usutu virus in European
countries in the ENTVD network and detection of the
virus in mosquitoes, birds, horses and/or humans

= Mo information

= No methods

wm Direct methods

mm Direct and indirect methods

ENIVD: European Network for Diagnostics of Imported Viral
Diseases.

Colour code indicates dlagnostic capacities: direct methods detect
the visus by cell culture or genomic amplification, indirect methods
detect the antibody respanse to the infection,

Animal symbols indicate detection of Hsutu virus in these species:
Feugraphical distribution is indicated either by virus detection
spe;:ies In white} or by evidence of neutralising antibodies {dark
grey}.
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than ELISAs but can be performed only in specialised
laborataries that can handle hazardous viruses [30].

The possibility of USUV fo infect and cause severe heu-
rological syndrames in humans makes it necessary o
develop new affordable and rapid molecular methods
{for its detection. Recently, a specific real-time RT-PCR
assay has been developed to identify USUV in human
plasma, serum and CSF samples. This technique has
allowed the detection of USUV in three CSF specimens
that were collected in the summers of zoo8 and 2009
from 44 patients with suspected meningoencephalitis
and were negative for WNV [31]. However, serological
testing is still needed and important to identify infec-
tion after the viraemic stage. In Europe, most of the
countries are prepared for detecting USUY genome in
human or bird samples (Figure), generally using cross-
reactive ar generic methods for detecting flaviviruses,
More specific techniques are required; especially for
those countries with direct evidence for WNV and/or
USUV circufation (Austria, Belarus, Bulgaria, Czech
Repubtic, France, Hungary, taly, Moidova, Portugal,
Romania, Russia, Slovakia, Spain and Ukraine) {32],
and new methods are being designed to identify and
distinguish USUV from other arboviruses, particularly
from members of the JEV group that have been circulat-
ing in Europe [31,33]. In fact, a false-positive result of a
WNV RT-PCR was reported in ltaly In 2009 in a patient
with viraemia caused by USUV [23].

Surveillance and control

The number of recent notifications of mosquito-borne
diseases in the European Union in 2010 is a reason
for concern. These events involved different types of
pathogens like WY, USUV, dengue virus, chikungunya
virus and Plasmodium sp, some of which are consid-
gred typicat for tropical areas. This current situation
triggered a request from the European Commission
for a risk assessment [34). The overall objective of
this consultation was to acquire a comprehensive
understanding of the transmission potential for mos-
quito-borne diseases in Europe in order to propose
recommendations for preparedness actions. The final
conclusion was to develop a tool for decision making in
WNV infection preparedness and control, which would
guide countries through the complexities of respond-
ing to any alerts or outbreaks of this disease.

in Europe, WNV re-emerged in Romania, where it was
first associated to neurological disease [35]. Since
then, the virus has been detected with increasing
activity in several European countries [36], includ-
ing Italy, where it was circulating at least in 2008 and
2009, with eight and 16 human cases, respectively, of
West Nile neuroinvasive disease [37). Because of WNV
circulation in ltaly with neuroinvasive cases in humans
and horses [38,39], a regional surveillance pian was
implemented starting from 2008 [40]. Thanks to, these
WNV surveillance activities antibodies against WNV
and USUV were detected in Italy in 2009 in sentinel
animals (horses and chickens), wild birds and provided
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evidence of cocirculation of WNV and USUV in mosqui-
toes and birds in the same area [20,41,42].,

That five human USUV infections have recently been
detected in areas where an effective surveillance for
WNV exists, suggest that this disease may also be
under-recognised in some other areas where the sur-
veillance for WNV is lacking or poorly implemented.
Both viruses seem to be able to cause neurological
disease in humans under certain circumstances. The
emergence of USUV in Europe, even if not presently
considered a major threat warrants the enhancement of
surveillance plans for neuroinvasive iliness during the
summer season, corresponding to the peak of activity
of potential vectors. The extension of surveillance to
flaviviruses other than WNV will require new diagnostic
procedures and the development of more specific sero-
logical tests that can be used in the field [42). As WNV
and USUV viruses share many eco-epldemiological
and virological characieristics, WNV surveiilance pro-
grammes could be easily adapted to survey also USUV
in birds, horses, mosquitoes and human samples.
This approach should be based on the development
of adequate and standardised differential laboratory
diagnosis using validated methods (serological and
molecular) enabling the differential detection of WNV
and USLV infections, especially in those countries with
demonstrated co-circtilation of both viruses (at least
Austria, Hungary, Italy, and Spain). A specific real-
time RT-PCR assay to identify USUV in human plasma,
serum, and CSF that has heen developed [31] is very
helpful for donor screening and diagnostics. Some of
the molecular techniques designed to detect WNV can
also amptify the signal for USUV due to false positive
results by lack of specificity in the technigue,

A surveillance programme for USSPV in Europe could
be very similar to national surveillance systems for
WNV that are already implemented in some countries
in Europe. In fact, in those European countries which
have implemented a national WNV surveillance plan,
this could be used in parallel for USUV surveillance.
These programmes consist of human, veterinary and
entomological surveillance. The objective of passive
and active human surveillance systems would be the
early detection of infection in humans. This activity
should be performed by serology and/or detection

-af the viral genome in blood and cerebrospinal fluid

from all suspected cases suffering from acute menin-
goencephalitis. In this regard, it would be jmportant
to raise the awareness of clinicians for this emerging
disease, which may improve the sensitivity of the sur-
veillance system. Since the diagnosis of encephalitis
is of general importance, the inclusion of USUV diag-
nostics for differential diagnosis in cases of unknown
origin should be considered for extended screening
of aetiologies. Key requirements for a possible future
surveillance study at European level have already been
suggested [30]. Animal surveillance should be per-
formed on the basis of passive and active surveillance
of horses and nor-migratery wild birds. Entomological



surveillance should be based on the weekly to monthly
{frequency depending on local resources) collection of
mosquitoes in fixed stations and at sites where USUV
activity has been demonstrated ascertained in birds,
humans or horses.

As suggested by Chvala et al. [5], mosquito monitor-
ing and screening of wild birds are suitable to detect
USUV circulation and could replace surveillance of
dead birds when bird mortality drops because of herd
immunity. Although virological surveillance (with
molecular techniques) may be preferable over sero-
logical monitoring because it avoids cross-reactions
with other flaviviruses, they are impeded by short-
lived viraemia, when serology is still possible due to
long-lasting serum antibodles, Sera reacting to both
WNV and USUV were detected in other studies using
tests with low specificity such as haemagglutination
inhibition [19] or ELISA [45]. Plaque reduction neutrali-
sation has to be performed to confirm positive sera,
but this test is complex, costly, time-consuming and
not accessible for laboratories lacking high hiocon-
. tainment facliities.

As for WNV, surveillance of wild birds and vectors will
be used in the coming years to forecast the spread
of USUY. The information gathered will be used to
develep actions to prevent virus transmission, such as
vector monitoring and control, information campalgns
to improve personal protection, and screening tests far
donor blood, tissue and organs.,

Conclusions

in Europe the risk exists that potential emerging infec-
tious diseases, such as those caused by WNV or USUY,
will not be recognised In time by existing surveillance
infrastructures of the various European countries {43].
As treatments for USUV and WNV are not available,
there is a need to strengthen surveillance, Circulation
of USUV In Austria, Hungary, Italy and Spain dur-
ing consecutive years and seroconversions reported
recently in sentinel animals and detection of virus in
wild birds in Italy, show that these territories are suit-
able to support USUV circulation between vectors and
vertebrate hosts, as well as overwintering, enabling the
establishment of endemic cycles. This indicates a need
to organise standard survelllance measures and early
warning systems to detect WNV and USUV activity,
and to assess the risk for public health, Establishing
a European surveillance system by grouping the exist-
ing resources and introducing a standavdised reporting
and diagnostic system is essential for future prepared-
ness and response. This surveillance system should be
sensitive and able to detect USUV and WNV circulation
at an early stage. A multidisciptinary approach should
be considered when evaluating the risk of USUV and
WNV transmission, and the contribution of the differ-
ent components (mosquitoes, birds, horses, humans)
should be carefully assessed.
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For the 1st time human Infection with the tropical Usutu virus has been detected in Germany. It was
confirmed in denor blood, when & total of 4200 blood samples were analyzed for antibodies.

The information was released by Jonas Schmidt-Chanasit, a virologist with the Bernhard Nocht Inshitute
(BMI) for Troplcal Medicine in Hamburg on Monday [20 Aug 2012].

The affected man from Grogs-Gerau (Hesse) <laims to have experlenced no symptoms of fllness.

Originating from Africa last summer [2011], Usutu virus has been the cause of a mass dle off of
blackbirds in southwest Germany, Again this summer dozens of birds have died, Usutu virus was found
in mosquitaes (_Culex piplens_) in Germany and can be transmitted to humans, .

According to the 8NI the donor blood was collected in January this year [2012] from the outbraak reglon
between Frankfurt and Frelburg. According to experts, the infection of the man at that time was rather
recent. Schmidt Chanasit warned against overestimating the finding: “Yes, there has been an Infection,
but it Is not dramatlc; after all it is only one of 4200 blood tests- just do not panic,” he sald.

The infection can be assoclated with fever, headache and rash, according to the virologists. In eldetly or
debilitated people, the virus could, as a worst case, cause Inflammation of the braln. The disease can
only be transmitted through a mosqultoe bite, the mere touch of a diseased bird does not cause Infection,
Schmidt Chanaslt urged the doctors to send in samples If patients show suspicious symptoms.

Outside Africa, the virus had appeared the 1st time in 2001 in the Vienna area; In 2009 2
immunocompromised patlents in Italy became infected.

During this summer [2012] thousands of birds have died already in Southwest Germany, “Fight agalnst
mosquitoes plagus (Kabs) In the Palatine Forest Lake,"” the Scientific DIrector of the Municipal Actlon
Group Norbert Becker, said. "Dead birds are reported by the hour.,”

The region around Neustadt an der Weinstrasse and Landau and the Rhine-Neckar region to the
Kraichgau In Baden-Wurttemberg Is affected by the mass mortality,

"It's even worse than last year," sald Becker, There are areas where no more biackbird are be seen. The
affected area this year Is much larger than in 2011, The situation is so dramatic because the
mosquitoes, with current temperatures, find ideal breeding conditions. Becker and his team and have
already collected nearly 300 dead blackhbirds, Becker said.

The Usutu virus was found already in the summer 2011 in the border region of Rhineland-Palatinate,

Hesse and Baden-Wurttemberg where it infected and killed hundreds of thousands of blackbirds. The
virologist Chanaslt Schmidt is convinced: *The virus will keep us busy for the next few years."

hitp://www.promedmail.org/direct.php?id=20120821.1255556
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[With the repeat of blackbird monrtality seen last year (2011), and now, human Infection, there is
additional evidence that Usutu virus has became endemic in Garmany. As Mod.AS noted in the ProMED-
mail post of 16 Sep 2011, "USUV 1st detection outside Africa took place in Vienna, Austria, in 2001,
causing deaths in blackbirds (_Turdus merula_) and great gray owls (_Strix nebulosa_). In 2002, USUV
was st circulating in Austria, demonstrating that USUV has managed to. overwinter in a |ocal bird-
mosquite.cycle in central Eurepe. More recently, USUV-specific RNA or antigen was. also detected in birds
or mosquitoes in Hungary, Switzerland, Italy and Spaln. In the summer of 2009, USUV-related itiness
were reported In 2 Immunocompromised patlents In Ttaly. Antlbodies were detected In UK In wild birds in

2002."

Usutu Is a member of the mosguito transmitted flaviviruses belonging to the Japanese encephalitis virus
group, '

PraMED thanks Sabine Zentls for sending-In the above report and its translation. Roland Hubner of the
Belglan Superlor Health Council also sent in this report, along with the following reference that assesses
human risk of Usutu virus Infection,

Reference

Vazquez A, Jimenez-Clavero MA, Franca 'L, Donoso-Mantke O, Sambrl V, Niedrig M, Zeller H, Tenorlo A.
Usutw virus - potential risk of human disease In Europe. Eure Surveill, 2011;16(31):pil=19935. Available
online: Hfvww surveillance.or whrtlcle. aspx?Articleld=19935 O

A HealthMap/ProMED-mall map of the area Indicated in Germany can be accessed at

http;//healthmap.org/r/2Pgp. ~ Mod.TY]
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2011

Usutu virus - Germany (02): birds, conf, 20110916.2827
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Globél Alert and Response (GAR) -

Novel coronavirus infection in the United - Share Print
Kingdom
23 SEPTEMBER 2012 - On 22 September 2012, the United Kingdom (UK) g 1 ' '
informed WHO of a case of acute respiratory syndrome with renal failure
with travel history to Saudi Arabia and Qatar. information regarding requirements

. and recommendations for the Hajj
The case.is a previously healthy, 49 year-old male Qatari national that season in 201

presented with symptoms on 3 September 2012 with travel history to Saudi
Arabia prior to onset of illness. On 7 September he was admitted to an
intensive care unit {ICU) in Doha, Qatar. On 11 September, he was
transierred to the UK by air ambulance from Qatar. The Health Protection
Agency of the UK (HPA) conducted laboratory testing and has confirmed
the presence of a novel coronavirus .

The HPA has compared the sequencing of the virus isolate from the 49
year-old Qatari national with that of a virus sequenced previously by the
Erasmus University Medical Centre, Netherlands. This iatter isolate was
obtained from lung tissue of a fatal case earlier this year in a 60 year-old
Saudi national. This comparison indicated 89.5% identity, with one
nucteotide mismatch over the regions compared.

Coronaviruses are a large family of viruses which includes viruses that
cause the common cold and SARS. Given that this is a novel coronavirus,
WHO is currently in the process of obtaining further information to
determine the public health implications of these two confirmed cases.

With respect to these findings, WHO does not recommend any travel
restrictions.
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Bacterial skm flora and contamination of blood components
do we defer blood donors wisely?

S. Pastila, M. Lonnroth,' R. Heikkils," H. Heikkifa? £ P. Carlson’
! Finnish Red Cross Blood Service, Helsinki, Finfond
2Helsinki University Hospital, Department of Dermatology; Helsinki, Fnfand

Backaround and objectives Bacterial infection through contaminated bloed is
curxently the greatest infection risk in relation to a transfusion. Deferral of prospec-
tive blood donors with a skin disorder is a common practise, because bacteria usu-
ally originate from the donor's skin. The effectiveness of current deferral guidelines
to prevent the bacterial contamination of blood has not been assessed.

Materials and methods We recruited 55 blood donors with a skin disorder that
prevented donation, and matched three controls for each case. The donors filled out
a guestionnaire and one bacterial culture sample was taken from venepuncture
forearm skin.

Vox Sanguinis

Resyfts The median total number of colony forming skin bacteria was signifi-
cantly higher in the cases {224 CFUs per sample) than controls (105 CFU per sam-
plel. Staphylocaccus aureus was significantly more often present on the skin in
cases (49%) as compared to controls (7%]). Regarding other bacterial genera, no
difference between cases and controls was found.

Conclusions This study shows that our current guidelines for deferral of bload
donors with skin disorders effectively identifies individuals with a high number of
bacteria on their skin, as well as S. aureus carriers. However, deferral due to skin
disorders had only a minor impact on blood product contamination when compared
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accepted 24 January 2012, Key words: bacterial contamination, blood collection, donors, quality management,

published online 20 Febriory 2012 transfusion-transmissible infections.

Finland, we have calculated that approximately one death
every 5 years is due to a contaminated biood component

Introduction

While the risk of transfusion-transmitted viral diseases has
diminished during the last 10 years due to new testing and
processing methodologies, the risk of bacterial infection
through a contaminated blood component has more or less
remained the same [1]. In the USA, two to eight deaths per
year are attributable to blood component contamination
and sepsis [2]. The United Kingdom Serious Hazards of
Transfusion (SHOT) reported six confirmed sepsis cases in
2008 and two in 2009 due to a contaminated blood compo-
nent; five of the eight patients survived the infection [3]. In

Correspondence: Satu Pastila, finnish Red Cross Blood Service, Kivihaantie
7, 00310 Helsinki, Finland
E-mail: satwpastila@btsredeross.fi

{unpublished data).

As a platelet concentrate is the blood component most
susceptible to bacterial propagation, a bacterial culture of
all platelet components has been introduced in many blood
establishments in order to control the risk to patients. The
introduction of a routine bacterial culture of platelet com-
ponents has reduced but not eliminated the risk of contami-
nation [4].

Between 0-6% and 3-9% of donated whole blood is con-
taminated with bacteria [5, 6]. Approximately 0-3% of red
cell units is contaminated with bacteria {1]. Of platelef com-
ponents, up to 0-65% are confirmed positive in bacterial
culture, but it is, however, rare for the contamination to
cause clinical infection in the recipient {7].

a3
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Bacteria that contaminate blood derive from the donor’s
skin or are present in blood if the donation takes place dur-
ing bacteraemia. As bacteraemia is nowadays highly
improbable in a healthy individual, the most significant
source of bacteria is the donor’s skin. Bacteria are intro-
duced into whole bicod mainly within a skin plug which
enters the collection system via a needle, with the first
blood. The diversion of the first blood into a sample pouch
has beent shown to reduce the bacterial contamination risk
by 47-72% [6, 8]. Improved skin disinfecHon and first
blood diversion has been shown to reduce bacterial
contamination by 77% [9].

Skin bacteria, such as Sfaphylococcus sp., are major
causes of life-threatening bacteraemia. Staphylococcus
aureus, in particular, is notorious, resulting in a 24% case
fatality rate on average and even higher mortality when
methicillin resistant [10]. In Finland, S. awreus is the
third prevalent cause of sepsis adding up to 120 of all
bacteraemic infections in adults [11].

Human skin is constantly populated with micro-organ-
isms, reflecting the habits, hobbies, profession and environ-
ment of an individual. Microbes colonize the human body
during birth and shortly thereafter. The body of a newborn
will be colonized by a wide array of microbes, many of
which are commensal or symbiotic to humans [12].

In adults, the rormal resident flora of skin is composed
of a fairly stable set of genera, mostly aerobes, These

organisms survive and mwitiply on skin and may also,

inhabit deep epidermal layers. The normal flora of skin
usually consists of Stapkyilococcus species, including in
some cases low levels of S. aureus, Micrococrus species,
Corynebacterium species, Propionibacterium species, non-
pathogenic Neisseria species, alpha-haemolytic and non-
haemolytic streptococel and some Gram-negative hacteria
and yeasts [13].

Transient flora usually inhabits skin or mucous mem-
branes for hours or days. These organisms can be readily
transmitted unless they are removed. If normal flora is
disturbed, transient micro-organisms may colonize skin,
proliferate and produce disease or infection. Methicillin-
resistant Staphylococcus aureus [MRSA) may also be part
of transient skin flora.

The numbers and proportions of different microbes can
vary due to forces from both inside and outside the body.
Elevated temperature and humidity increase the total num-
ber of bacterial population. As a rule, Gram-negative bacte-
ria are numerous only on areas where humidity of the skin
is high [14].

The bacteria of normal flora function as a physiclogical
and mechanical protection from harmful materials and
substances. The resident nermal flora of the skin represents
bacteria of low virulence and it therefore rarely causes
significant infections {15].

Abnormalities in skin flora due t6 skin infections, the use
of antimicrobial agents, and skin disorders such as atopic
skin, are well known and documented [16, 17]. Hospital
admission is also known to affect skin flora by direct skin
colonization with particular hospital-related species [18].
Waork place, pets and hobbies are also known to affect skin
flora {9, 16, 19, 20].

There are no statistical data on the quantity and quality
of skin flora in mild skin conditions, which do not require
hospital outpatient care or admission, or which are stabi-
lized or healed. Furthermore, distinction between normal
and abnormal skin is vague, and bacterial flora of healthy
skin of an atopic person resembles that of a normal, non-
atopic skin [21, 22]. )

We currently use the following skin diserder-related cri-
teria for blood donor deferral: active rash or a skin disorder
with a size greater than the blood donor's own palm, or any
kind of current skin infection, anywhere on the denor's skin.
The puncture site must be free of any rash or skin disease.

We conducted the study in order to evaluate the appro-
priateness of our skin disorder-related deferral criteria and
10 obtaln information on mild skin diseases’' contribution o
bacterial skin flora. '

Materials and methods

Cases and controls

The 55 cases were blood donors identified at blood dona-
tion sessions as they were deferred from blood donation,
according to our current criteria, due to skin condition. We
recruited three controls for each case, a fotal of 165 con-
trols. The controls were blood donors of the same gender
and from the same geographical area as the case. The
control's age was within 5 years of the case’s age.

Both cases and controls filled out a form with questions
on demographic characteristics, data on skin condition, and
use of antimicrobial agents. Only controls donated blocd.

Skin sampling

Samples were collected from July 2007 until April 2008.
Microbiological sampling took place through the year in
order to cover possible climate-related variations in skin
flora.

As only one person conducted all the microbiological
sampling, and while study participants resided in different
geographical areas, the sampling of cases took place with-
in1 week of their identification and recruitment. Controls
were sampled on average within 23 days after the case was
identified and sampled.

Skin flora samples were collected using Columbia blood
agar contact plates 55 mm in diameter {Heipha, Heidelberg,

®© 2012 The Author(s)
Vox Sanguinis © 20) 2 International Society of Blood Transfusion
Vox Sanguinis (2012} 103, 93-98
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Germany). Before skin disinfection, the agar surface of the
contact plate was applied directly onto the venepuncture
site on the donors forearm and even pressure was applied
for 10 s. After contact plate sampling, the same area was
swabbed with an Amies Charcoal transport swab (Technical
Service, Heywood, UK). In controls, blood was collected
from the other arm.

Culture systems

Within 24 h of collection, the contact plates were placed in
incubation at 35 &+ 2°C for 2 days. The number of colonies
on the contact plate was counted or estimated if too numer-
ous to count. Visually different types of colonies were sub-
cultured on sheep blood agar (Heipha, Heidelberg,
Germany). The swab samples on blood agar were incubated
as described above. The swab plates were only used for
singling out colonies when the contact plates were over-
grown. The typing of colonies to a genus or species level
was performed by conventional microbiological methods
[15]. The level of identification was chosen in accordance
to the estimated clinical significance. Additionally, all
S. aureus strains were tested for methicillin resistance.
One strain was additionally tested for the mec-A gene
{GenoType® MRSA, BioProducts, Austria).

We cultured the residual whole blood from the sample
pouches of 165 controls. The sample pouch volume
allowed only 10 ml of residual blood for culture, after
sampling for blood donor screening. The cultured volume
was 10 ml of blood in all controls, except for four sam-
ples, in which the volumes were 8 ml, 7 ml, 5 ml, and
3 ml. The reason for smaller volume was that sample
pouches had not been maximally filled. The sample was
culfured by an automated microbial detection system
(BacT/ALERT 3D, bioMérieux, Durham, NC, USA) using
aerobic culture bottles.

Sample size and data analysis

Power calculation was performed to define the number of
cases and controls. Because atopic skin disorder is prevalent
also in Finland [23, 24], power calculation was based on
the published over 10-fold difference in carriage rate of
. 8. aureus in atopic persons compared to healthy individuals
{25]. The power calculation was based on a two-sample
#-test, where the type I error probability (significance level)
was set at 005, type I error probability [power) was set at
0-90, and a moderate effect (0*5) was assumed. The power
calculation indicated that a minimum of 46 cases and 138
matched controls would be needed to show a significant
difference between the two groups [26].

The survey information gathered was recorded in the
database built for this purpose. We tested the hypothesis

® 2012 The Author(s)
Vox Sanguinis © 2012 International Society of Blood Transfusion
Vox Sanguinis {2012) 103, 93-98

that the deferred blood donors (cases} have considerable
more bacteria on their skin than healthy donors using Chi-
Square test and Wilcoxon's rank-sum test. All statistical
tests were two-tailed and comsidered significant at
P < 0:05. The analyses were done using R language and
environment for statistical computing, version 2.10.0 {27].

Results

Cases and controls

The study comprised of 220 blood donors. We recruited 55
cases and for each case 3 contxols, a total of 165 confrols.
Of the cases, 24 were male and 31 female. The age distribu-
tion of cases differed significantly from the age of blood
donors in general. The cases’ mean age was 29 years (SD
12-7 years) as the mean age of our active blood donor panel
is 46 years (SD 13-4 years, data from Finnish Red Cross
Blood Service Donor Registex).

Bacterial counts

The bacterial count on plates ranged from 1 CFU {colony
forming units) to an estimated 1000 or more CFUs per plate.
For the cases and the controls, the median CFU counts were
224 (median absolute deviation, MAD = 186-8) and 105
{MAD = 132-0) per plate, respectively. The total number of
colony forming units (CFU) of bacteria per plate was signifi-
cantly higher in cases compared to controls (Wilcoxon's
test, P = 0-0096) {Fig. 1).

Micrebes identified

The bacteria in samples represented the normal bacterial
skin flora. There Were on average 3-6 and 3-1 different

Total count
100

o n Coniral
0 Case
20

70
G0
50
40
30
20
10

—

Perceant of samples

=1000
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'Fig. 1 Total number of colany forming units (CFU) per plate, log10 trans-
formed, cases and confrals.
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bacterial genera or species identified in cases” and controls’
samples, respectively. The difference was not significant.
Coagulase-negative Staphylococcus species and Micrococcus
species predominated, and other gram-positive bacteria such
as diphteroids and Bacillus species were also commonly
detected. No methicillin-resistant 5. aureus strains (MRSA)
were identified. The Gram-negative organisms present were
primarily Pseudomonas and Acinctobacter species or related
genera. No FPseudomonas acruginosa was found. There were
few cases of yeasts detected, but no Candida albicans strains
were confirmed (Table 1).

Twenty-seven of the cases (49%) harboured S. awreus on
their skin, in contrast to only 12 {7%) of the controls, The
difference was significant. Two out of the twelve 5. qurens
positive controls were atopics. When analysing the differ-
ence in the number of S, gurews CFU in cases and controls,
CFU count was classified into three categories: 1-10, 11-100
and over 101 CFUs, due to statistical reasons. The number
of S, aureus CFU was significantly higher in cases compared
to controls (P = 00007, Pearson’s chi-squared test) {Fig. 2).

Regarding the CFU counts of other bacterial genera, no
difference between the cases and controls was found.

Only one of the control sample pouch cultures was posi-
tive, and a Diphteroid sp. was identified.

Table 1 Microbizl strains iselated and identified on the contact plate
samples from the donors farearm

Contre), Case, All,

Organism n=165 n=55 n=220
Gram-positive bacteria 153 45 198
Micrococcus species 148 49 197 °
Coagulase-negative staphylococci 87 26 13
Non-spore forming Gram-positive rod 34 1B 50
Bacillus species 12 " 39
Stophylacoccus oureus 26 n 37
Streptococcts species - 13 3 16
Bacillus cerus ] 1 2
Group G beta-haemolytic streptococeus 6 2 2
Streptococcus agoloctige 0 1 1

Gram-negative bacteria

Pseudomaras and related genera 49 12 61
Acinetobacter and related genera 13 9 22
Apathogenic Neisseria species 3 2 5
Pantoea and related genera 2 1 3
Enterobacter vmnigenus 1 0 1
Enterobacter sokazakif 0 1 1
Fungi
Yeast n 5 16
Filamentous fungi 1 1z
Misceltaneous, no further identifed 12 3 15

*P < 0.0001 corrected Chi-square test

Staphylococous aureus

Percent of samples

0 1-10 11-100 >100
CFU perplate

Fig. 2 CFU of Stuphylacoccus ourcus per plate, log10 transformed, cases
and controls.

Discussion

Skin disorders may pose an increased risk for bacterial con-
tamination of blood components, cither due to colonization
with pathogenic species or due to a high number of bacteria
on skin [186, 22, 25, 28],

The clinical impact of contaminated blood may be deva-
stating, as blood components are often given to immuno-
compromised patients. According to the SHOT data from
1936 to 2008, 40 incidents of blood component contamina-
tion and 11 deaths were reported in the UK. In the report,
additional 28 cases with major morbidity were probably or
definitely attributed to a transfusion reaction [3}. In the
USA during 2005-2010, 35 transfusion-related fatalities
due to microbes were reported to the Food and Drug
Administration (FDA): seven fatalities (20%) were caused
by 8. aureus, and four by other skin-related Staphylococcal
specles. Altogether 31% of all transfusion-related deaths
were related to blood component contamination with
bacterial skin flora [29].

Contamination of blood products with bacteria is a well
known risk, and has been targeted with different
approaches: prospective routine culture of all platelet prod-
ucts, shortening of shelf life to three days, and pathogen
reduction techniques. According to an international blood
hanking forum, all participants had introduced at least one
step into their processes to enhance bacterial safety {30, 31].

The bacterial species detected in this study were similar to
the findings we have in our quality control cultures of out-
dated platelet concentrates. The spectrum of bacterial spe-
cies also resembled results reported elsewhere [1, 3-5, 29].

Approximately 0-2% of registered blood donors are
deferred due to a skin disorder at the Finnish Red Cross
Blood Service. The prevalence of all skin disorders in blood
donors, is thus lower than the prevalence of atopic eczema

© 2012 The Author(s}
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alone in the general population [32, 33]. Generally, a skin
disease causes a temporary deferral and the donor is later
able to return and give blood.

As 71% of the cases in this study were atopics, it was
likely that we would detect S. aurews in their samples. The
skewed age distribution of cases was also anticipated, as
more experienced blood donors would not show up at a ses-
sion while suffering from an acute skin disorder. Further-
more, atopic skin disorder tends to heal by time, and it is
less prevalent in older age groups.

There were six cases and two controls with psoriasis. This
probably reflects alow prevalence of psoriasis in the Finnish
population, as reported elsewhere [34]. The density of micro-
bial flora is known to be higher on the psoriatic plaques than
on uninvolved skin. Furthermore, the frequency of 8, aureus
in psoriatic plagues is higher than on uninvolved skin
[28, 35]. None of our psoriatic blood donors did harbour
5. aureusin their samples, which is a conflicting finding.

Atopic dermatifis is a pruritic chronic inflammatory skin
disorder. The symptoms include itching and dryness of the
skin. The skin of the majority of atopic persons is colonized
by S. aureus, in contrast to normal skin which seldom is
colonized with this bacterium [25]. The prevalence of atopic
eczema in young Finnish men is reported to be 1-2% [32]. In
an interview study of children and adolescents in Finland,
the prevalence of atopic eczema was 1-7% [33). The lifetime
prevalence of atopic skin symptoms in elderly German per-
sons (mean age 63 years} was found to be 43% [36]. As cer-
tain pathogenic and resistant bacterial strains are spreading
in the community, an atopic or even a healthy person may
harbour pathogenic species as part of transient flora [37].

In 2004, the Finnish Red Cross Blood Service introduced
diversion of the first blood and enhanced skin disinfection.
During the same year, the current, stricter deferrat guideline
for donor skin conditions was infroduced. With these steps,
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A Tayside outbreak of psittacosis December
2o011~February 2012 involved three confirmed and
one probable cases. Conflrmed cases were indistin-
guishable by sequencing of polymerase chain reaction
{PCR) products. The epidemiological pattern sug-
gested person-to-person spread as illness onset dates
were consistent with the incubation period and no
single common exposure could explain the infections.
in particular the only common exposure for a health-
care worker case is overlap in place and time with the
symptomatic index case. )

Outbreak description

puring February 2012, Tayside’s Health Protection
Team was notified of five cases of pneumonia. Thase
Hlinesses affected four family members and one health-
care worker (HCW) who had tended the index case.
Four of these developed severe symptoms, iwo requir-
ing intensive care unit (ICU} admission. These four had
complement fixation tests (CFT) suggesting infection
with a Chlamydophila specles. Although speciation
was not possible at this stage, the time interval of one
to 22 days between the symptom onset of consecutive
cases, suggested person-to-person spread. An out-
break of Chiamydophita pneumonioe infection there-
fore seemed likely. Pending identification, the outbreak
response procesded on this basis. By mid-February
C. psittaci was confirmed by polymerase chain reaction
{PCR).

TABLE

Article submitted on 14 May 2012 / published on 31 May 2642

Background

Psittacosis is a systemic Infectious disease caused by
Chlamydophila psittaci, Usual features include fever,
malaise, unproductive cough, headache and atypi-
cal pneumonia. The incubation period is one to four
weeks [1). Since its first description in 1879 [2], epi-
demics occurred during the next century. Where identi-
fied, the source of such outbreaks and infections was
zoonotic, and predominantly avian but not necessar-
ily psittacine. For example, large outhreaks occcurred
ameng poultry workers [3]. Subsequently, these have
become rare, as avicultural hygiene has intensified. In
Scotland, up to 10 sporadic cases per year were noti-
fiad (no outbreaks) in the past 10 years (Table) [4]. We
have found no case described in the literature where
person-to-person spread has accounted for cases of
psittacosis, although person-to-persen transmission
has evidently been suggested but not proven fz].

Qutbreak investigation and results

During a series of outbreak management team (OMT)
meetings, resuits were assessed and further investiga-
tion directed. Awareness raising among Tayside medi-
cal practitioners aimed to increase case ascertainment.
The investigation progressed on three frants: epidemi-
ologlcal, microbiological and environmental.

Total mumber of cases of Chlamydophila psitiaci infections notiffed- annually, Scotland, 2001-2011 {(n=27)

2002 2003 2004

Number of cases

2008 2007 2008 2000 2010

Source: Health Protection Scotland (HPS) (Lynda Browning, personal communication, 23 May z012] (4.
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FIGURE

Time of symptom onset and clinical course of probable and confirmed cases, psittacosis cutbreak in Tayside, Scotland,

December 2011-February 2012 {n=4)
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[™1 Mness due to Chlamydophlta psittaci infection

={ases 1, 2 and 3 were part of an extended family and had extensive and frequent contact with eachother,
bCase 4, a healthcare worker, had ¢centacl with case 1 on the sixth day of case 1's illness, as indicated by an arrow,

Epidemiolegical investigation

A modified Centers for Disease Control and Prevention
{CDC) case definition [6] was agreed. To be considered,
cases must have compatible clinical iliness. All notified
cases were interviewed about their illness, contacts
and relevant possible exposures, Confirmed cases had
either Chlamydophila speties detecied in respiratory
sacretions (by culture or PCR) or a fourfold or greater
Increase in antibody (12G or IgM} to Chlamydophila
species (to a reciprocal titre of 32 between paired
acute- and convalescent-phase serum specimens taken
at least two weeks apart) by CFT, Cases which were
epldemiologically linked to a confirmed case wers con-
sidered probable, given an antibody (IgG or Igh) titre
of 256 or greater, and possible given ane of 32 to 128
ali by CFT in a serum specimen taken after symptom
onset),

Applying this, by 22 February 2012, the outbreak
involved three confirmed, one probable and two pos-
sible cases, with the index case having had onset of
iliness in late December 2011. The figure describes the
time of onset and clinical course for confirmed and
probable cases. These comprised three female and one
male with an age range of 41 to 65 years.

A further two possible cases were identified: a family
member with mild respiratory illness and an unrelated
patient from the same ICU as the index case,

Microbielogical investigation

irnitial investigations used CFT performed according to
standard methods using antigen obtained from Launch
Diagnostics, Longfield, Kent, United Kingdom (UK} 7].
The CFT antigen is a chlamydia group specific antigen.
The test detects total complement fixing antibody:
both IgG and lg.

Real-time PCR was performed using in house assay
on respiratory samples which were initially used for
investigations for respiratory viruses. The screen for
Chlamydophila species was an assay targeted to 16S
ribosomal sequences. Any positive sample was further
investigated by specific real-time PCR to . psittaci or
C. pneumoniae targeting a different region of the 165
ribosomal sequence, This enabled determination of
which Chlemydophila species was involved in a case,

Of the confirmed cases, two showed a rising CFT
titre, one a static raised titre. All were PCR positive.
Sequence analysis of the outer membrane protein A
(ompA) gene showed 100% similarity between these
C. psittaci strains. The probable case had a static CFT
titre above 256 and was PCR negative. Possible cases
had static titres of 64 t0128 and were PCR negative.

Environmental investigation

Extensive cartographical and field searches were made
for passible avian sources of infection. These were
directed by information gleaned from interviews with
cases, Workplaces and residences of cases were plot-

_ ted on an Ordnance Survey map, Cases 2 and 3 lived

together a kilometre from case 1. Case 4 resided a fur-
ther ten kilometres west, Although not within any of
the cases’ respective place of residence, two pigeon
coops and a cage of small birds were found in the
neighbourhood of where cases 1, 2 and 3 lived. None
were within 500 m of case 1, but as these could be con-
sidered a plausible source, faecat samples were taken
for PCR analysis.

The index case’s pet dog was reported to have rolled
in the remains of a dead bird in Dacember. Also, this

www, gurosurveiliance.org
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case’s workplace was reported to be affected by a large
number of gulls. Searches in both areas revealed insuf-
ficient sample material. On veterinary recommenda-
tion (included in the OMT), a PCR analysis of a pooled
canine faecal sample was done, using an unpublished
method, developed at the UK Animal Health and
Veterinary Laboratories Agency, Weybridge. This PCR
detects the presence of C. psittaci and . abortus and
was negative.

No environmental source of any Chlamydaphila species
was revealed by environmental investigations. This is
not unusual [8].

Control measures
Since the source of the infection was thought to be a
pathogen which was not readily transmissible from
person-to-person, standard infection control measures
were recommended for those HCWs and other people
in contact with cases.

Discussion and conclusion

The main issue in this outhreak is the picture of per-
son-to-person spread. The authors can find no descrip-
tion of this in psittacosis. incubation ranging from one
to four weeks implies up to 21 days between shortest
and langest, The longest gap hetween ounset of can-
firmed cases was 25 days. While the cases amongst
the extended family might be explained by a puta-
tive persistent source to which family members were
sequentially exposed {e.g. a geographical, not tempo-
ral, point source), case 4 (the HCW) cannot.

Since cases 1 to 3 were members of an extended fam-
ily and had extensive and frequent contact with each
other (especially over the winter holiday season) it was
not possible to relrospectively identify particularly
significant ‘mutual exposure events’. However, shared
exposures between case 4 and the others were sought.
The only spatial-temporal averlap was with case 1 and
occurred during the admission of case 1 to the ward
where case 4 worked. Case 4's duties included per-
sonal care (hat invasive procedures). Conceivably, case
4 may have been exposed while caring for case 1 who
reguired intensive medical support and investigation.
Since it was not possible to explore direct contact
between the two cases, it is uncertain what such expo-
sure might be.

it is difficult to explain all cases in this outbreak by
exposure to a common non-human source. While incon-
clusive, Features consistent with persen-person spread
are demonstrated. in our view, clinicians and public
health specialists should therefore keep an open mind
to the possibility of person to person spread of psit-
tacosis despite the received opinton that this generally
does not occur.

www.eurosurveillance.org
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Shigella spp. are transmitted by the fecal-oral route
via contaminated food and water or by person-to-per-
son contact. Shigellosis was first reported as a sexually
transmitted disease among men who have sex with men
{MSM) in San Francisco in the mid-1970s (1). Since
then, outbreaks among MSM have been reported in
several countries (2,3). However, until recently, Shigella
infection among MSM had never been reported in
Japan.

Five patients with shigellosis were admitted in The
Institute of Medical Science, University of Tokyo
(IMSUT) Hospital within a short period between Sep-
tember and November 2011. All these patients were
HIV-infected MSM, who had a low to mid-range CD4
T-cell count of between 168 and 415 cells/ul. Three had
already received antiretroviral therapy (ART). All 5
patients had abdominal pain and watery diarrhea (5-30
times/day), 3 had bloody stools, 4 had fever, and 1 had
vormiting {Table 1). Shigella sonnei was identified from
the stool cultures of all patients, The patterns of suscep-

tibility to antibiotics were identical in all cases. All iso-
lates were susceptible to levofloxacin (LVFX). After
receiving a 5-day treatment of LVFX 500 mg/day, 4
patients recovered from diarrhea within several days.
Ouly 1 patient (Patient No. 3) continued to experience
diarrhea following the 5-day treatment with LVFX, and
received LVEX 500 mg/day for a further 5 days. The
mean duration of their symptoms was 10 days (range, 5
to 14 days). This is 2 little longer than the usual pattern
of shigellosis, which usually resolves in a few days with
appropriate treatment. Trophozoites of Entarnoeba
histalytica were identified from the stools of one of the
patients (Patient No. 2), and metronidazole was added
to the treatment. On the basis of our interview, we did
not establish any close relationships, such as direct sex-
ual contact, among the 5 patients. Pulsed-field gel elec-~
trophoresis (PFGE) of all strains performed subse-
quenily revealed a similar paitern, suggesting a single
strain of S. sonnei had spread among these MSM.

. There are 4 species of Shigella (S. dysenterice, S.

Table 1. Characterization of 5 MSM patients with Shigella sonnei

Patient no. 1

2 3 4 5
Sex Male Male Male Male Male
Age (¥) 44 47 34 38 35
CD4 T-cell count (cell/ul) 252 392 207 415 168
Antiretroviral therapy + + + -~ -
Self-reported homosexual contact + + - + +
Onset 2011/8/31 2011/9/2 2011/10/5 2011/10/12 2011/11/6
Total duration of diatrhea {day) 9 14 11 10 5
Fever - + + + +
Abdominal pain + + + + +
Bloody stool + + - + -
Vomiting - - + - -
Treatment LVFX (500) § days LVEX (500) 5 days LVEX (500} 10 days LVFX (500) § days

LVEX (500) 5 days

*Corresponding author: Mailing address: Department of
Infectious Diseases and Applied Immunology, Research
Hospital of The Institute of Medical Science, The Univer-
sity of Tokyo, 4-6-1 Shirokanedai, Minato-ku, Tokyo
108-8639, Japan. Tel: +81-3-5449-5338, Fax: +81-3-
5449-5427, B-mail: tkoibuch@ims.u-tokyo.ac.jp
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flexneri, S. boydii, and 8. sonned} and approximately
60-80% of shigellosis in Japan is due to S. sonnei,
which is associated with foreign travel (4). Among our
patients, none had traveled abroad during the 6 months
prier to their illness. Although 1 patient denied having
sex with men for several recent months, the other 4
patients had a homosexual contact before the onset of
symptoms. In order to prevent an outbreak of Shigella
Spp., practitioners and MSM need to be made aware of
the risk of sexual transmission of orally transmitted a-
gents. From 1999 to 2000, we experienced outbreaks of
hepatitis A virus (HAV) among HIV-infected MSM (5).
HAYV was not recognized as a sexually transmitted agent
at that time in Japan. The outbreaks of HAV and S.
sonnei among MSM reported here prompted us to ex-
pand the concept of sexually transmitted diseases. We
report the first outbreak of shigellosis among MSM in
Japan and believe that our findings reinforce the impor-
tance of preventative behavior for MSM against sexual-
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Guidance for Industry

Recommendations for Donor Questioning, Deferral, Reentry and
Product Management to Reduce the Risk of Transfusion-
‘ Transmitted Malaria

This draft guidance, when finalized, will represent the Food and Drug Administration’s (FDA’s)
current thinking on this topic. It does not create or confer any rights for or on any person and
does not operate to bind FDA or the public. You can use an alternative approach if the
approach satisfies the requirements of the applicable statutes and regulations. If you want to
discuss an alternative approach, contact the appropriate FDA staff. If you cannot identify the
appropriate FDA staff, call the appropriate number listed on the title page of this guidance.

I. . INTRODUCTION

This draft guidance document provides you, blood establishments that collect blood and blood
components, with our, FDA’s, recommendations for questioning and deferring donors of blood
and blood components, allowing their reentry, and product management to reduce the risk of
transfusion-transmitted malaria. The recommendations contained in this guidance apply to the
collection of Whole Blood and all blood components with the exception of Source Plasma,
Donors of Source Plasma are excluded from deferral due to malaria risk under Title 21 Code of
Federal Regulations, 640.63(c)(9) (21 CFR 640.63(c)(9)).

This guidance replaces the draft guidance entitled “Guidance for Industry: Recommendations for
Donor Questioning Regarding Possible Exposure to Malaria” dated June 2000, 65 FR 36452
(June 8, 2000), (June 2000 draft guidance) (Ref. 1). When finalized, this guidance will
supersede the FDA memorandum to all registered blood establishments entitled
“Recommendations for Deferral of Donors for Malaria Risk™ dated July 26, 1994 (July 26, 1994
memorandum) (Ref. 2). '

FDA’s guidance documents, including this guidance, do not establish legally enforceable
responsibilities. Instead, guidances describe the Agency’s current thinking on a topic and should
be viewed only as recommendations, unless specific regulatory or statutory requirements are
cited. The use of the word shouid in Agency guidance means that something is suggested or
recommended, but not required,

II. BACKGROUND

Transfusion-transmitted malaria occurs rarely, but is a serious concern in transfusion medicine
(Refs, 3-4). It has been shown to be caused by any of the following four Plasmodium species:
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P. falciparum; P. malariae; P. ovale; or P. vivax. In the absence of a licensed test for donor
screening, the measure used to reduce transfusion-transmitted malaria in the United States (U.S.)

" has been the deferral of donors who have had a malaria infection or had a possible exposure risk
to malaria. Accurate identification of donors with the potential to transmit malaria depends on
the donor exposure history obtained during the donor interview, which may be facilitated
through use of a donor questionnaire (Refs. 4-7).

The July 26, 1994 memorandum had the following recommendations; °

+ Permanent residents of non-endemic countries who travel to an area considered endemic
for malaria should not be accepted as donors of Whole Blood and blood components
prior to one year after departure from the endemic area. Afler one year afier departure,
such otherwise suitable prospective donors may be accepted provided that they have been
free of unexplained symptoms suggestive of malaria.

s Prospective donors who have had malaria should be deferred for three years after
becoming asymptomatic.

» Citizens, residents, immigrants or refugees of endemic countries should not be accepted
as donors of Whole Blood and blood components prior to three years after departure from
the area. After the 3-year period, otherwise suitable prospective donors may be accepted
if they have remained free of unexplained symptoms suggestive of malaria.

Public comments to the July 26, 1994 memorandum and the June 2000 draft guidance on
screening of donors for malaria risk raised several concerns about the need to standardize
definitions used in the recommendations, and the scientific basis for the recommended deferral
periods. These concerns prompted public discussions, including a meeting of the FDA Blood
Products Advisory Committee (BPAC or Committee) on September 16, 1999, At that meeting,
BPAC reviewed the current status of transfusion-transmitted malaria and its impact on blood
safety in the U.S. BPAC also reviewed the usefulness of the available laboratory test methods to
detect current malaria infection or to provide evidence of past exposure to malaria parasites.

On July 12, 2006, FDA convened a scientific workshop entitled “Testing for Malarial Infections
in Blood Donors” to seek public discussion of scientific developments that might support donor
testing for malaria infections as part of pre-danation testing, or as follow-up testing to permit a
reduced deferral period for donors deferred for malaria risk. There are no FDA-licensed tests to
screen blood donors for malaria. Nucleic acid-based tests were deemed unsuitable for donor
screening due to the limitation of the small sample size used in nucleic acid extraction; however,
several speakers and panel members emphasized the value of antibody testing to reenter deferred
malaria-risk donors who tested negative for malarial antibodies (Refs, 8-9). The outcome of the
workshop was summarized at the BPAC meeting held on July 13, 2006 (Ref. 10).

At the BPAC meeting on September 11, 2008, the Committee discussed donor testing for
malarial antibodies as an indicator of possible exposure to malaria parasites (Ref. 11). At the
meeting, FDA presented risk assessment data for three possible scenarios in which antibody
testing could be of value: (1) testing all donors (universal testing); (2) reentry testing of all at-
risk donors with a history of potential exposure to malaria anywhere in the world; and (3) reentry
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testing of only those donors who had traveled to malaria-endemic areas in Mexico. The risk
assessment model assumed that donors would be deferred for four months after returning from
endemic areas of Mexico or other parts of the world before antibody testing would be performed
on the donor. At the meeting, two blood organizations (the American Red Cross and America’s
Blood Centers) also presented data from surveys showing that approximately 41% of all blood
donors deferred for risk of malaria exposure had been deferred because they had traveled to
malaria-endemic areas in Mexico (Ref. 12). The Committee considered all three risk assessment
scenarios and the possible role that antibody testing could play in identifying or reentering
malaria-risk donors, especially those donors who had traveled to endemic areas in Mexico. In
the end, the Commiittee felt that additional risk analysis would be needed, and that the analysis
should account for malaria risk globally and in Mexico, with and without antibody testing.

On November 16, 2009, FDA again sought advice frorn BPAC on an alternative strategy to
minimize donor loss asscciated with deferrals for malaria risk. Specifically, FDA. asked the
Committee to consider a new risk assessment model which was focused on travel to malaria-
endemic states in Mexico, and asked whether it was acceptable to allow blood collections
without any deferral from individuals who have traveled to certain Mexican states that have a
low malaria transmission rate. At that meeting, FDA presented data which showed that while
- travel to Mexico was a major contributor to donor deferrals due to malaria risk (about 41%),
from 2006-2009 malaria transmission in Mexico was shown to be very low (average 2400
malaria cases annually) and limited only to certain Mexican states (Ref. 13). The malaria
transmission rate was shown to be particularly low in Quintana Roo, a Mexican state that
includes Cancun and Cozumel and is known to receive a high volume of U.S. travelers.
Estimates also suggested that there was a great disparity in the contribution of different Mexican
states to the number of donor deferrals among U.S. travelers, Data collected by the American
Red Cross and Blood Systems Research Institute suggested that in 2006, among the 10 malaria-
endemic states, Quintana Roo alone contributed approximately 70% of all malaria-risk-
associated donor deferrals for travel to Mexico (Refs. 13-14). While donors deferred because of
travel to Quintana Roo were a significant percentage of deferrals, FDA’s risk assessment found
that the calculated overall risk to the blood supply would be expected to increase by 1.1% (an
absolute increase of 0.0166 infected blood unit per year, or one in 60 years) if prospective blood
donors who visited Quintana Roo and another state, Jalisco that includes the cities of Puerto
Vallarta and Guadalajara, were allowed to donate blood without any deferral for malaria risk.
However, the donor pool would increase by approximately 45,000 donors (79,000 blood units)
each year (Ref. 14). FDA alsc found that the actual donor gain might be significantly higher if
the agency took into account the total donor loss due to self-deferrals and the non-return of
donors deferred under the current policy (Ref. 8). After these presentations and discussion, the
Committee voted 17-1 in favor of allowing blood collection, without any deferral, from U.S.
residents who have visited Quintana Roo. The Committee also discussed extending the proposed
“policy to other malaria-endemic states of Mexico that have a low malaria transmission rate.
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OI. DEFINITIONS

Malaria - An infectious disease caused by a parasitic protozoan of the genus Plasmodium.
Malaria diagnosis in a prospective donor is based on a positive laboratory test indicating
Plasmodium infection, or a determination of a history of malaria made by the blood
establishment’s Medical Director. For additional information regarding malaria and its
associated symptoms, visit the Centers for Disease Control and Prevention (CDC) website {Ref,
15). ' ' ‘

Malaria-endemic area - Any area designated in “Areas with Malaria” in the CDC’s Travelers’
Health Yellow Book (Ref. 15). This information is also available on the CDC’s Malaria Map
Application (Ref. 16}). A determination of a malaria-endemic area is based on the information on
the CDC website (Refs. 15-16) at the time the donor is screened. An area with any level of
malaria transmission (described as high, moderate, low, residual or any other terminology used
by the CDC} should be considered a malaria-endemic area.

Malaria-endemic country - Any country having an arca or areas designated in “Areas with
Malaria” in the CDC’s Travelers’ Health Yellow Book (Ref. 15). This information is also
available on the CDC’s Malaria Map Application (Ref. 16). A determination of a malaria-
endemic country is based on the information on the CDC website (Refs. 15-16) at the time the
donor is screened. A country that has an area with any level of malaria transmission (described
as high, moderate, low, residual or any other terminology used by the CDC) should be
considered a malaria-enidemic country.

Residence in a malaria-endemic country - For purposes of this guidance, residence is defined
as a continuous stay of longer than one year in a country or countries having any malaria-
endemic area or areas, as identified by CDC. In determining residence, a country that has any
malaria-endemic area should be considered to be malaria-endemic in its entirety since the
geographic distribution of malaria-endemic areas may change during the period of residence, or
the resident may have traveled from a non-endemic area to an endemic area in the country during
his or her stay.

Residence in a non-endemic country - For purposes of this guidance, residence in a non-
endemic country is defined as a continuous stay for at least three years within countries having
no malaria-endemic area, as identified by CDC.

Travel to a malaria-endemic area - Any travel to or through a malaria-endemic area or areas,
as identified by CDC (see definition above). The duration of travel to a malaria-endemic area
may be as short as a few hours, or as long as one year. Note that brief passage through a
malaria-endemic area while on route to a malaria-free area is considered a sufficient possible
exposure to trigger donor deferral. Common examples of such possible exposure include
passage through a malaria-endemic area to visit a tourist resort in a malaria-free area, or passage
through a malaria-endemic area to board a cruise ship, or on-shore excursions into a malaria-
endemic area when traveling on a ship. Travel to or through a malaria-free area within a
malaria-endemic country does not constitute malaria exposure.
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IV. RECOMMENDATIONS
A. Donor History Questionnaire

I. We recommend that you update your donor history questionnaire to incorporate
the recommendations provided in this guidance.

2. We recommend that the updated donor history questionnaire include the
following elements to assess prospective donors for malaria risk:

a. A history of malaria;
b. A history of prior residence in a malaria-endemic country; and
c: A history of travel to a malaria-endemic country.

B. Donor Deferral and Reentry1
1. History of Malaria

a. We recommend that you defer indefinitely a donor who has a history of
malaria and does not have documentation of successful treatment with anti-
malarial drugs administered in a non-endemic country.

b. We recommend that the Medical Director of your establishment review the
documentation of successful treatment with anti-malarial drugs administered
according to established treatment protocols in a non-endemic country. If
your Medical Director finds the documentation satisfactory, the donor may be
eligible to donate, provided the donor meets all other donor eligibility criteria.

2. Residence in a Malaria-endemic Country

We recommend that you defer a donor for three years following residence (as
defined in section III) in a malaria-endemic country. After the 3-year deferral
period, the donor may be eligible to donate provided the donor has been free from
malaria during this period and meets all other donor eligibility criteria.

3. Travel to a Malaria-endemic Area

a. Except as described in section IV.B.3.b. below, we recommend that you defer
for one year after the last departure from a malaria-endemic area a donor who
is a resident of a non-endemic country and who has traveled te or through any
malaria-endemic area, whether or not the donor has received malaria

’

! See Appendix for detailed scientific rationale for the recommendations.
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prophylaxis. After the 1-year deferral period, the donor may be eligible to
donate provided the donor has been free from malaria during this period and
meets all other donor eligibility criteria.

You may accept a donor who is a resident of a non-endemic country and who
has traveled to the Mexican states of Quintana Roo or Jalisco without any
deferral for malaria risk. However, we recommend that you defer for one year
after the last departure from a malaria-endemic area a donor who is a resident
of a non-endemic country and who has traveled to or through any of the
malaria-endemic areas in Mexico other than the states of Quintana Roo and
Jalisco. After the 1-year deferral period, the donor may be eligible to donate
provided the donor has been free from malaria during this period and meets all
other donor eligibility criteria. '

We recommend that you defer for one year after a visit to a malaria-endemic
area a donor who is a prior resident of a malaria-endemic country and who has
been a resident of a non-endemic country for the past three consecutive years.
After the 1-year deferral period, the donor may be eligible to donate provided
the donor has been free from malaria during this period and meets all other
donor eligibility criteria. '

We recommend that if a prior resident of a malaria-endemic country returns to
a malaria-endemic country after residence for less than three years
consecutively in non-endemic countries, that you defer that donor for three
years from the time that they return to the non-endemic country. After the 3-
year deferral period, the donor may be eligtbie to donate provided the donor
has been free from malaria during this pericd and meets all other donor
eligibility criteria.

Product Retrieval and Quarantine, and Notification of Consignees of Blood
and Blood Components

We recommend that you take the following actions if you determine that blood or bload
components have been collected from a donor who should have been deferred according
to the recommendations in section I'V.B. '

1.

2.

If you collected blood or blood components (both cellular and/or non-cellular)
intended for transfusion or blood or cellular blood components for further
manufacturing from a donor who should have been deferred according to the
recommendations above, we recommend that you quarantine any undistributed blood
or blood components collected from that donor.

If you distributed blood or blood components (both cellular and/or non-celluiar)
intended for transfusion or blood or cellular blood components for further
manufacturing collected from a donor with a clinical history of malaria who should
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have been deferred according to the recommendation in section IV.B.1., we
recommend that you notify consignees to retrieve and quarantine the blood and blood
components collected from that donor.

Additionally, in this sifuation, if blood or blood components (both cellular and non-
cellular) have been transfused, you should encourage consignees to notify the
transfusion recipient’s physician of record regarding the need for monitoring of the
recipient for a possible malaria infection for a period of three months post-
transfusion.

. If you distributed blood or blood components (both cellular and non-cellular)
intended for transfusion collected from a donor who should have been deferred
according to recommmendations in sections IV.B.2 or 3, we recommend that you notify
consignees to retrieve and quarantine the blood and blood components collected from
that donor.

Product Disposition and Labeling -

. We recommend that you destroy or re-label blood and cellular blood components that
were collected from a donor who should have been deferred according to the
recommendations in section IV.B. If you re-label the blood and cellular bloed
components, they may be released for research, or for manufacture into noninjectable
products or in vitro diagnostic reagents as described in section IV.D.3. below.

. Although not suitable for transfusion, blood and non-cellular blood components
inadvertently collected from a donor who should have been deferred according to the
recommendations in section IV.B. may be released for research, or for further
manufacture into injectable (i.e., plasma derivative) or non-injectable products, or in
vitro diagnostic reagents, if labeled appropriately as described below.

. You should use the following statements to prominently re-label the blood and blood
components:

a. “NOT FOR TRANSFUSION: Collected From A Donor Determined To Be
At Risk For Infection With Malaria Parasites”

and
b. “Caution: For Laboratory Research Only”
or

“Caution: For Further Manufacturing into In Vitro Diagnostic Reagents For
Which There Are No Alternative Sources™
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or
“Caution; For Use in Manufacturing Noninjectable Produ.cts Only”
or

“Caution: “For Manufacturing Use Only” (used for non-cellular products intended
for further manufacture into injectable products).

You should not label these prodycts with a U.S. license number unless FDA
specifically approves you to do so. If appropriate, unlicensed products may be
shipped solely to a manufacturer of a product subject to licensure, under a short
supply agreement (21 CFR 601.22).

E. Reporting a Biolegical Product Deviation (BPD)

If you have distributed any blood or blood components (both cellular and non-cellular)
intended for transfusion, or blood or cellular blood components intended for further
manufacturing, collected from a donor at risk for malaria according to section IV.B. you
should report a BPD as soon as possible, but you must report within 45 calendar days
from the date you acquire the information reasonably suggesting that a reportable event
has occurred (21 CFR 606.171).

You are not required to report a BPD if you have distributed a non-cellular blood
component intended for further manufacturing from a donor at risk for malaria.
V. ADDITIONAL CONSIDERATIONS
Whole Blood and blood components intended for transfusion should not be collected from a
possible malaria risk donor with the intent of converting or relabeling those products for further

manufacturing use (e.g. relabeling of Fresh Frozen Plasma as recovered plasma).

FDA will continue to monitor the situation of malaria transmission in Mexico and elsewhere and
consider additional revisions when warranted.
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APPENDIX

SCIENTIFIC RATIONALE FOR THE RECOMMENDATIONS

The scientific basis for the recommendations in sectiont IV is as follows:

The recommendation for an indefinite deferral of a donor who had a history of clinical
malaria but had not undergone a successful anti-malarial treatment is based on the reports
that in the absence of complete treatment, infections with some Plasmodium species may
establish a chronic and prolonged asymptomatic infection (Refs. 17-18). For example, 2.
malariae has been reported to persist for up to 40 years in the absence of a new exposure
(Ref. 17). Recommendation B.l.a. of documentation of anti-malaria drug treatment
before a donor with a history of clinical malaria is allowed to donate is based on findings
that anti-malaria treatment, when administered using the appropriate guidelines (see Ref.
19), is highly effective in the eradication of malaria parasites in infected individuals. The
recommendation that the anti-malarial treatment be administered in a non-malaria
endemic country is to avoid the possibility of a new exposure after the completion of
drug treatment but prior to departure from the endemic area.

The recommendation for a 3-year deferral of a donor following residence in a malaria-
endemic country (recommendations B.2. and B.3.d.) is based on the possible presence of
low-grade parasitemia in individuals with clinical immunity to malaria, or with a chronic
malaria infection who have not received definitive treatment after departure from the
malaria-endemic region. Although it.is not known how long parasitemia can last in such
persons, it is believed that most (though not all) will either develop clinical malaria or
else resolve their infection over time. This is because anti-malarial immunity is thought
to wane in the absence of repeated infections. Data reported by CDC showed that out of
4,229 reported cases of malaria in foreign-born residents, only 7 cases (0.2%) had an
episode of clinical malaria more than three years after the patient had left a malaria-
endemic country (Ref. 4). These data suggest that a deferral period of three years would
be adequate for resolution of parasitemia in most cases. This recommendation will be
reconsidered periodically based on new scientific data.

Recommendation B.3.a of a 1-year deferral period for a donor who is a resident of a non-
endemic country and who traveled to or through a malaria-endemic area whether or not
the donor received malaria prophylaxis, is based on the malaria surveillance reports by
CDC showing that out of 2167 imported malaria cases reported between 2008-2010 for
which the date of arrival and the onset of illness was known, only 2 (0.09%) experienced
clinical malaria more than one year afier their return to the U.S. (Refs. 20-22). The 1-
year deferral for residents of non-endemic countries applies to the last departure from the
endemic area.

The scientific rationale for recommendation B.3.b. that a resident of a non-endemic
country (such as the U.S.) who had traveled to the Mexican states of Quintana Roo or

12
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Jalisco, where malaria is transmitted at a very low level, be allowed to donate blood
without any deferral for malaria risk is as follows:

a. During 2006-2009, malaria transmission in Mexico remained very low and is
relatively stable (average 2400 malaria cases annually) (Ref. 13). .

b. During the same period, malaria transmission was particularly low in Quintana
Roo and Jalisco (combined average 20 cases annually, or 0.75% of all malaria
cases in Mexico) (Ref. 13-14).

¢. Quintana Roo (which includes the resorts of Cancun and Cozumel) and Jalisco
(which includes the cities of Puerto Vallarta and Guadalajara) are highly
popular states among 1J.S. tourists.

d. Approximately 70% of donor deferrals among U.S. travelers to Mexico were
because they had visited Quintana Roo and/or Jalisco (Refs. 13-14).

e. An FDA risk assessment model has suggested a very small increase in malaria
risk to biood safety by allowing for donation from donors who had traveled to
malaria-endemic areas in Quintana Roo (0.0163 infected blood unit per year in
Quintana Roo vs. 0.088 infected blood unit per year for all of Mexico) (Refs.
13-14). The suggested increase in risk by exempting Jalisco, another low-
malaria transmission state, is even smaller (0.000245 infected blood unit per
year for travel to Jalisco} [Mark Walderhaug et ai., CBER, FDA, unpublished
data]. The calculated cumulative risk to the blood supply according to the risk
assessment model would be expected to increase by 1.1% (an absolute increase
of 0.0166 infected blood unit per year, or one per 60 years) if prospective blood
donors who visited Quintana Roo and Jalisco are allowed to donate blood
without any deferral for malaria risk.

f. The recommendation for a 1-year deferral of 2 donor who is a resident of a non-
endemic country and who traveled to or through a malaria-endemic area in
Mexico that is outside the states of Quintana Roo and Jalisco (recommendation
B.3.b.) is consistent with a 1-year deferral for travel to a malaria-endemic area
in any other part of the world (see recommendation B.3.a.).

» The recommendation for deferral of a donor who is a prior resident of a malaria-
endemic country and has not traveled to a malaria-endemic area for the past three
continuous years for one year after a subsequent visit to a malaria-endemic area
(recommendation B.3.c¢.) is based on information indicating that continued exposure
to malaria parasites is necessary to maintain clinical immunity (Refs. 23-24).
Consequently, we believe it is a reasonable safeguard to assume that after three or
more continuous years of residence in a non-endemic country the majority of prior
residents of malaria-endemic areas will not maintain their clinical immunity. Thus,
after three years of continued residence in a non-endemic country, a prior resident
of a malaria-endemic country may be treated as a resident of a non-endemic
country. Such individuals should be deferred for only one year after each return
from travel to a malaria-endemic area consistent with the deferral for travelers from
non-endemic countries. '
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¢ - The recommendation that consignee notification include instructions for
notification of the transfusion recipient or the transfusion recipient’s physician of
record regarding the need for monitoring of the recipient for a possible malaria
infection for a period of three months post-transfusion (recommendation C.2.) is
based on the analysis of incubation periods in 57 cases of transfusion-transmitted

- malaria in the U.S. in which the maximum period observed between transfusion and

onset of clinical symptoms was 90 days (range 8 to 90 days) (Ref. 4). This
recommendation is limited to the highest risk circumstance of unintentional release
of a unit from a donor at risk of malaria, namely a unit from a donor who had
clinical history of malaria who may not have been treated or who failed to be
deferred for at least three years.

e The recommendation to allow for use of non-cellular blood components
inadvertently collected from a donor who was later determined to be at risk for
malaria to make injectable products is based on the knowledge that licensed plasma
derivatives do not transmit malaria. For this same reason, reporting of a BPD is not
required if you have distributed a non-cellular blood component intended for further
manufacturing from a donor at risk for malaria. BPD reporting is only required
when the deviation may affect the safety, purity or potency of the product.

14
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TRANSFUSION COMPLICATIONS

Lookback investigations of Babesia microti-seropositive blood
donors: seven-year experience in a Babesia-endemic area

Stephanie T. Johnson, Ritchard G. Cable, and David A. Leiby

BACKGROUND: Human babesiosis in the United
States is primarily attributable fo infection with the
intraerythrocytic protezoan parasite, Babesia microli.
Transfusion-transmitted Babesia (TTB) is a mounting
blood safety concern; approximately 100 US cases of
TTB have been repotied since 1980. In response,
rarket withdrawal {MW) and/or lookback (LB) has been
advocated for cellular components derived from
Babesia-positive blood denors.

STUDY DESIGN AND METHODS: Immunofluores-
cence assay (IFA) and selective polymerase chain
reaction {PCR) testing of Connecticut donors was con-
ducted from 1999 through 2005, MW/LB was initiated
following established procedures on cellular compo-
nents derived from 1FA and/or PCR-positive donors.
Recipients of these assoclated components were
offered IFA and PCR testing for 5. microti.

RESULTS: Atotal of 208 seropositive donors were
identified, with 474 donations and 656 cellutar compo-
nents subject to MW/LB. Sixty-three recipients were
iested for B. microti; eight {12.7%) were IFA ant/or
PCR positive. A significantly higher proportion of

B, microti-positive reciplents were identified by LB in
1999 to 2000 (5 of 15, 33.3%)} than after implementa-
tion of seropositive donor deferral in 2001 (3 of 48,
8.3%). Significant differences in positive LBs were also
found when comparing index (50% positive) to previous
donations (7.3% positive), and when comparing demon-
strably parasitemic to nonparasitemic donors, 33.3 and
2.9%, respectively.

CONCLUSIONS: Recipients of components from

B. microti-positive donors were infected via transfusion,
with index donations from parasitemic donors posing
the greatest transmission risk. This report of B. microti
transtission detected through LB, coupled with ongoing
TTB cases, indicates that interventions are needed

to reduce transmission of B. microti to US blood
recipients.

wran babesiosis in the United States is pri-

marily caused by the intraerythrocytic proto-

zoan parasite Babesia microti. The parasite is

usually transmitted to humans by the bite of

an infected black-legged or deer tick (Fxodes scapularis).

While the geographic distribution of B. microti continues

to expand in the United States, its primary area of ende-

micity remaing the Northeast and Upper Midwest. The

first documented human infection attributable to

B. microti occurred on Nantucket Island, Massachusetts,

in 1969.! Since its initjal description, hundreds of human

babesiosis cases have been reported in the United States,

The resulting infection is often asymptomatic in healthy

individuals. When signs and symptems do occur, 1 to 6

weeks after the bite of a Babesig-infected tick, they

may include fever, chills, sweating, myalgia, fatigue,

hepatosplenomegaly, and hemolytic anemia.? The symp-
toms can be severe, with mortality rates up to 5%.2

Humans are generally considered to be an incidental

or dead-end host for B. microti; however, circumstances

ABBREVIATIONS: ARC = American Red Cross; [FA =
immunoflucrescence assay; LB = lookback; MW = market
withdrawal; NHS = natural histoxy study; TI{s) = time interval(s);
TTB = transfusion-transmitted Babesia; VCHC = University of
Connecticut Health Center.
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may arise where asymptomatic blood denors unwittingly
transmit the parasite to susceptible blood recipients.*
B. microti is known to survive and remain viable under
blocd storage conditions (4°C) for up to 39 days in red
blood cells (RBCs)® and indefinitely in cryopreserved
RBCs,%7 thereby enhancing its potential for transfusion
transmission. In addition, there are currently no viable
mitigation strategies, nor is there a licensed blood screen-
ing test for Babesia spp. These circumstances have led to
nearly 100 reported cases of transfusion-transmitted
Babesia (TTB) attributed to B. microti, with 12 associated
deaths.%8?

Because of ongoing TTB reports, market withdrawal
MW) and/or lockback (LB) investigations involving
recipient identification and testing have been advocated
for cellular components from blood donations identified
as Babesig-positive, including the index donation and
those from the previous 12 months.” In some instances
MW/LB may also be appropriate for subseguent dona-
tions as well. Herein, we summarize a series of LB inves-
tigations, which were conducted on donors identified as
Babesia-positive through a seroprevalence study con-
ducted over a 7-year period in Connecticut.

MATERIALS AND METHODS

Initial donor testing

As part of an ongoing American Red Crass (ARC) study,
consenting blood donors in Babesia-endemic areas of
Connecticut were prospectively tested for B. microti anti-
bodies from 1999 through 2005 to determine seropreva-
lence and to identify seropositive donors for enrollment in
a separate follow-up natural history study (NHS).!-12
Seropositive donors were identified by the indirect immu-
nofluorescence assay (IFA) forimmunoglobulin (Ig) G anti-
bodies to B. microti performed on a serum sample
routinely obtained at donation for additional testing.
Testing was conducted as per the manufacturer’s instruc-
tions (Focus Technologies, Inc., Cypress, CA) utilizing IFA
slides coated with B. microti-infected hamster RBCsas the
antigen source. Briefly, serum samples were diluted 1 in 64
in phosphate-buffered saline (PBS), and 20 pL was added
to each slide well containing fixed B. microti antigen and
incubatedat 37°C for 30 minutes in a humid chamber. After
being incubated, slides were washed for 10 minutes in PBS
by agitation, rinsed in distilled water, and air-dried. Diluted
fluorescein-labeled goat anti-human IgG conjugate (Focus
Technologies) was added to each well and again incubated
at 37°C for 30 minutes in a humid chamber. Slides were
then washed for 10 minutes in PBS by agitation, rinsed in
distilled water, and air-dried. Samples were examined by
fluorescence microscopy at 400x magnification, consid-
ered positive at 1 in 64 or greater and titered to endpoint.
Appropriate negative and positive controls were included
in all IFA testing. The enrollment and testing of donors for
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B. rmicroti antibodies and subsequent participation in a
NHS were reviewed and approved by the ARC Institutional
Review Board.

Select IFA-positive donors from 1999, and all IFA-
positive donors from 2000 through 2005, were offered
follow-up polymerase chain reaction (PCR) testing
through enrollment in a NHS. From each enrolled donor,
two 7-mL ethylenediaminetetraacetate tubes of blood
were collected and analyzed for parasiternia using a
nested PCR protocol designed to amplify the 185 riboso-
mal RNA gene of B. microti as previously described,
slightly modified from the original procedure.!® Total DNA
was extracted from whole blood using the a DNA blood
mini kit (QJAamp, Qiagen, Inc., Valencia, CA) as per the
mannfacturer’'s instructions, The final 155-bp productwas
visualized on a 2% agarose gel stained with ethidium
bromide in 1x TAE buffer (Invitrogen Corp., Carlsbad, CA).
Appropriate positive, negative, and extraction controls
were included.

MW/LB procedures

For the purpose of this study, MW is defined as the process
of notifying hospitals which received a component from a
seropositive donation of the pertinent test results, thereby
allowing the blood center to regain possession of the com-
ponent or otherwise ensure it is discarded. LB is defined as
a MW with the additional goal of determining if the com-
ponent was transfused and, if so, evaluating if the patient
was infected by follow-up with the transfusing physician,
including recipient testing as appropriate. The data con-
tained in this publication are based on review of opera-
tional MW/LB files.

MW/LB was conducted as part of the region’s routine
follow-up on donors with reported babesiosis or those
implicated in TTB. Seropositivity in this investigation was
interpreted as being potentially infective, thus triggering
routine regional MW/LB for cellular components (RBCs,
platelets [PLIs], and whole blood) associated with any IFA-
and/or PCR-positive donations including index and/or
subsequent donations, as well as donations during the
previous 12 months. No subsequent donations were
included in this analysis. When an implicated donor was
identified, the index donation was defined as the serop-
ositive donation, MW/LB was not conducted for plasma
components; to date, they have not been implicated in a
documented case of TTB and the parasite is killed by
freezing when blood components are not cryopre-
served.*!* Hospitals that received these potentially infec-
tive cellular components were provided an information
packet that included a biologic MW letter. Separate letters
were sent to the transfusion service director and through
him or her to the patient’s physician requesting coopera-
tion with LB and completion of a product disposition
record. In all instances, free B. microti testing was offered.
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TABLE 1. Annual LB investigations: results for donor and regipient testing
Nurber of cellutar
Number of components Number positiveftested
Year IFA positive/tested (%) PCR positiva/tested (%) associated donations™ subject to LBt LB recipients (%)
1999 30/3,656 (0.8) 10119 {52.6) 146 194 2/8 (25.0)
2000 28/2,682 (1.0) 10/18 (55.6} 81 103 3/7 (42.9)
2001 30/2,162 (i.4) 2/25 (8.0) 32 50 1/4 (25.0)
2002 18/2,230 (0.8) 2/14 {14.3) 38 S8 2/8 (25.0)
2003 34/1,988 {1.7) 1/20 (5.0) 51 84 0/6 (0.0}
2004 43/2,864 (1.5) 1/33 (3.0) 83 113 0/17 (0.0}
2005 25/1,840 {1.4) 0/10 (0.0) 44 54 0/13 (0.0)
Totals 208/17,422 (1.2) 26/139 {(18.7) 474 6586 8/63 (12.7)
* Index donations {1999-2000 only), donations in the previous 12 months, and subsequent donations.
T Includes RBCs, whole blood-derived PLTs, and whole blood.

Once the transfusion service director and/or the patient’s
physician received the information packet these individu-
als could choose to notify the recipient and encourage
them to go for testing. Less than 10%, 63 of 656, of the total
number of LB components were associated with a tested
recipient (Table 1).

When the seroprevalence study and related NHS were
initiated in 1999, donors were only deferred upon receipt
of a positive PCR test result after enrollment in the
NHS. In late 2000, it was noted that among IFA-

seropositive donors from 1999 and 2000, enrolled in the

NHS, there were high numbers of parasitemic donors;
20 of 37 (54.1%) tested were PCR positive (Table 1)." Thus,
beginning in November 2000, all components assoclated
with IFA-positive donors were discarded and these
donors were deferred from future blood donation regard-
less of PCR test results. Seropositive donors identified
before November 27, 2000, were retroactively deferred and
any associated components were subjected to MW/LB.
Thus, MW/LB was conducted on index donations col-
lected in 1999 and 2000, but not on index donations in
the years following, since all later index donations were
discarded.

Recipient testing

Free recipient testing was offered as part of LB. The major-
ity of recipient samples (53/63, 94%) were sent to the Uni-
versity of Connecticut Health Center (UCHC) Molecular
Laboratory. Four recipient samples were not tested by
UCHC,; three were tested by the clinical laboratory at the
recipient’s hospital and one by the ARC Holland Labora-
tory (Rockville, MD). Testing generally consisted of IFA
(IgG and IgM), PCR, and thick and thin blood smears.
UJCHC recipient testing was conducted utilizing IFA
slides prepared in house from B. microti-infected hamster
RBCs, Briefly, test sera were diluted 1:32 in PBS, and 20 pL.
was added to each slide well. Slides were incubated for 30
minutes at 37°C, washed three times with agitation in PBS,
and allowed to air dry. Twenty microliters of fluorescein

isothiocyanate-labeled goat anti-human IgG or IgM
(Kirkegaard and Perry, Gaithersburg, MD) diluted in PBS
and Evans blue (final concentration, 0.0005%) was added
to each well, incubated at 37°C for 30 minutes, again
washed three tirnes with agitation in PBS, and air-dded.
Slides were examined with fluorescence microscopy using
a '100x water immersion objective. A positive serum
sample was defined by UCHC as one reacting at 1:32 and
was subsequently titered to endpoint. Appropriate posi-
tive and negative controls were used with each test run.*®

.. . ECR. recipient testing performed by UCHC used

similar procedures to those previously described herein
with the exception of extraction procedures, primer sets,
and detection of PCR product. UCHC used the a nucleic
acid extraction kit (IsoQuick, ORCA Research, Inc,
Bothell, WA) as per the manufacturer’s instructions, dis-
solving the final pellet in 20 pL of RNase-free water, Ampli-
fication was initiated with 5 pL of DNA and employed a
nonnested approach, using only primers Babl and Bab4.!?
For visualization of PCR preduct the amplicons were
denatured, labeled with digoxigenin and hybridized to a
bictin-labeled probe. The probe was immobilized on a
streptavidin-coated microtiter plates and detected with
peroxidase-conjugated digoxigenin antibody and colori-
metric ABTS. Color reactions were read at OD 450 nm and
490 nm and compared to negative control values.
Five recipients were not tested for both IFA and PCR:
In four instances PCR testing was not conducted (all were
antibody negative), and in one situation, IFA testing was
not done (recipient was PCR positive). Samples were con-
_sidered IgG IFA positive at at least 1 in 32 when tested by
UCHC, but positive at at least 1 in 64 when tested by the
ARC or hospital laboratories. A recipient was considered
Babesia LB positive when' any of these test results were
positive.

Statistical analysis

Fisher's exact test was used to compare proportions of
positive recipients. The rank sum test was used to
compare the length of various time intervals (TIs).
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RESULTS

A total of 208 seropositive donors were identified during
the 7-year reporting period. We found 474 asscciated
donations subject to LB. From these 474 donations, 656
cellular components were produced. After LB notification
63 recipient samples, derived from 46 blood donors, were
obtained and tested (Table 1). Eight (12.7%) of the tested
recipients were found positive by serclogic and/or PCR
testing. Of the 46 total donors associated with recipient
testing, four were linked with both a positive and a nega-
tive recipient (Fig. 1), but in three cases the transfused
components were derived from different donations. In the
first case, both recipients received PLTs collected approxi-
mately 6 months apart, with only the index PLT donated
in July transmitting infection. In the second case, both
recipients received RBCs approximately 3.5 months apart;
only the index RBCs collected in August transmitted infec-
tion. In the third case, a RBC collected in December trans-
mitted infection, while the subsequent index donations
associated with a PLT collected in May did not transmit
infection. In one instance, two recipients were transfused
with blood components derived from a single August
nonindex denation; the RBC recipient was positive for
B. microti, while the PLT recipient was negative,
Of the eight positive recipients, seven (87.5%)
" received RBCs and one (12.5%) awhole blood-derived PLT
unit (Table 2). The age of implicated RBCs ranged from 7
to 42 days old, while the only implicated PLT unit was 5
days old. Of note, six of the eight positive recipients tested

46 Donors
Assoclated wiLB

12 Donors

Not Tested
10 Donors -

ONOTs 24 Donors =t

Parasiternic Non-Parasiternic R+

()

R+IR-
[h=t)
g R-/R-IR~
a.mu_ )
R-
4 -IR-
n__m.: {n=15) P

{2aE)
=2}

R&/R-
tre3)

Fig. 1. Forty-six donors associated with LB investigations were
tested for parasitemia by PCR in a separate research study.?
Transfusion outcomes in 63 recipients (R) were noted as posi-
tive (R+) or negative (R-) for Babesia-infection based on IFA
and/or PCR test results, In several cases, donors provided
blood components to two or more recipients (e.g., R+/R~) that
were derived from single or different donations. Eight recipi-
enis were positive; five received blood from a parasitemic
donor and one from a nonparasitemic donor, while two
received blood from donor not tested for parasitemia,
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TABLE 2. Summary data for recipients infected with B. microfi through blood transfusion

Reciplent test resuits

Age of
transfused

component

Implicated donor PCR

IFA

Age and sex

Transfusion

Implicated
component

test result at time of

Implicated
donation date
Jul. 28, 1999

Implicated

Index
donatien date
Jul. 28, 1989

PCR
Positive

IgM
NA

lgG
<1:64

date (days) of reciplent

Aug. 2, 1999

enrollment in NHS*

Positive

donation

Index
Index

Recipiant

1:1024 1:256 Positive

(non-neonate)
NA (non-nacnate)

56 o
NATE Q
NA

5
Oct. 8, 1999 42

PLTs
RBCs

Positive

Aug. 28, 1998

Aug. 28, 1999

Paositive
Positivell
Positive
Negative
Positive
Negative

1:32

NA
132
1:32

<1:32
1:32

1:512
NA
1:1024
1:128
1:128
1:256

NA g' (nan-neonate)

Elderly 9
51 Q

34 @

1"
9
19
18
7

23

Dec, 28, 1999
Jul, 16, 2000
Aug. 13, 2000
Sep. 16, 2001
Jul. 19, 2002
Aug. 15, 2002

RBCs
RBCs
RBCs
RBCs
RBCs
RBCs

Positive
Positive
Unknown
Negative
Unknown

Jul. 7, 2000
Jul. 21, 2000
Aug. 28, 2001
Jul. 1, 2002
Aug. 8, 2002

Previous #1§ Dec. 17, 1999 Positive
Previous #1

natural history study.'

Previous #1
1 NA = age and/or sex not available.

Index
Aug. 26, 2002  Pravious #1

Index

May 18, 2000
Jul. 7, 2000

Jul. 21, 2000
Nov. 18, 2002

Dee, 17, 2001

WS INWMN~

* NHS =

1 FAecipients designated as nonnecnate based on their hospital service andfor attending physician speciafty.

§ Donation Immediately before Index donation.

|l Reported as TTB before LB netification occurred.




TABLE 3. Transfused component type for
Babesia tested recipients

Babesig-posilive  Babesia-negative

Transfused component recipients recipients
Index donation RBCs 3 3
index donation PLTs 1 1
Previous donation RECs 4* 36
Previous donation PLTs 0 15
Total 8 55

* All received components from donation immediately preceding
the index donation.

positive by PCR, one of which was an apparent window
period infection (IgG < 1:64, PCR positive). Partial data
regarding age and sex of the eight positive recipients were
available and are presented in Table 2.

We compared recipient test resulis for 1999 to 2000
when IFA-positive index donations were transfused versus
2001 to 2005, when they were discarded. There was a sig-
nificant difference (p <0.05) between the proportion of
seropositive recipients identified, 5 of 15 (33.3%} for the
former compared to 3/48 (6.3%) for the latter (Table 1).
Similarly, the proportion of positive recipients in the first 2
years after the deferral of seropositive donors, 2001 to
2002, was 3 of 12 (25.0%), which was significantly greater
(p <0.05) than the next 3 years, 2003-2005: 0 of 36 (0.0%;
Table 1). As seen in Table 3, of eight recipients transfused
with index components, four (50.0%) were positive, while
for the 55 recipients of components from previous dona-
tions only four (7.3%) were positive (p < 0.05). All of the
Ppositive recipients who received components from a pre-
vious donation were transfused with a RBC unit from the
donation that immediately preceded the index donation.

The TI between when a recipient was transfused with
a LB/MW associated component and when their blood
sample was received for tesiing ranged from 44 to 628
days, with a median of 58 days (range, 44-227 days) for
positive recipients and a median of 198.5 days (range,
60-628 days) for negative recipients (p <0.05; Table 4),
The median age of transfused RBCs provided to recipients
testing positive was 18 days (range, 7-42 days) versus 15
days (range, 7-38 days) for recipients testing negative,
Separately, the median age of transfused PLTs provided to
positive recipients was 5 days, but there was only one
associated PLT unit. For recipients testing negative, the
median age of transfused PETs was 4 days (Table 4). No
significant differences were found for the age of transfused
RBCs or PLTs. The median donation interval (DI) between
index and LB-associated donation of RBCs for recipients
testing positive was 107 days (range, 56-153 days), while
the DI for negative recipients was 165 days {range, 56-365
days). We could not calculate the median DI for PLT recipi-
ents testing positive, because the only recipient sample
was associated with an index donatien. The median DI
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for PLT recipients testing negative was 177 days (range,
66-365 days; Tabled4). These differences were not
significant.

From a separate research study!® PCR test results
indicative of the presence or absence of parasitemia were
available for 34 of the 46 donors associated with LB
investigations; 12 donors were not tested for parasitemia
(Fig. 1). The TI between the index donation and when the
donor's follow-up sample was collected for PCR testing
ranged from 10 to 81 days with a median of 38 days.
Among the 34 donors tested for parasitemia, 10 (29.4%)
were positive by PCR (i.e., parasitemic), while the remain-
ing 24 were negative. Blood components from the 10 para-
siternic donors were transfused to 15 recipients and 5
(33.3%) were identified as Babesia positive; however, of
the 34 recipients who received blood from nonparasitemic
donors only one (2.9%) was determined to be Babesia
positive (p < 0.05).

DISCUSSION

LB investigations are commonly employed in transfusion
medicine to allow medical follow-up of infected recipients
and to prevent possible secondary transmission. However,
data from LB can also be used to gauge the infectivity of
previous donations from donors identified as positive for
a transmissible agent and to determine the window period
of infectiousness for said agent. Herein, we demonstrate
that 12.7% of blood recipients receiving components from
donors found sexopositive for B. microti were infected via
transfusion. While this transmission rate may appear low
compared to rates for viral agents that often approach
100%,Y 12.7% is higher than rates seen for other parasitic
agents (e.g., Trypanosoma cruzi, 2 of 253 or 0.8%'*"). This
finding confirms previous reports that donors testing
positive for B. microti are potentially infectious® and also
suggests that LB for B. microti-seropositive donors might
be warranted. The latter conclusion is based on the
assumption that identifying infected recipients arising
from TTPB cases, often after the I to 9 week incubation
period for acute disease remains important te the recipi-
ent’s or their contacts’ health. While rare, Babesia has
been transmitted perinatally or transplacentally on at
least three occasions,”® but perhaps more importantly,
many blood recipients are immuncompromised and/or
elderly, thus putting them at risk for chronic or serious
babesiosis after they become infected. Knowledge of
potential exposure to B. microti would allow physicians to
provide appropriate antibiotic therapy to clear the infec-
tion and to monitor those patients at risk for severe
disease (e.g., asplenic patients).

The 12.7% transmission rate reported’ herein for
B. microti may in fact be a conservative estimate. We
observed that the TI from when a recipient was transfused
with a LB/MW associated component and when a blood
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sample was received for testing was significantly shorter
(p < 0.05) for seropositive than for seronegative recipients,
median of 58 days versus 198.5 days. This suggests that
sommne seronegative recipients may have cleared the infec-
tion and seroreverted before their samples were collected
for testing. Indeed, our studies of seropositive blood
donors have shown a high rate of seroreversion over
several months.'® In this regard, LB for B. microti differs
from that for HIV and other viral infections, where sero-
reversion is extremely rare. Another limitation of our study
is that’ pretransfusion samples were not available for
testing on any of the LB recipients; thus it is possible that
positive recipients may have been infected naturally viaa
tick bite since they reside in Babesia-endemic areas of
Connecticut. However, given the reported donor sero-
prevalence of approximately 1% in Connecticut,! it is
relatively unlikely that these recipient infections represent
acquisition of B. microti from an infected tick.

During this 7-yeax study period, we observed a signifi-
cant decrease in the frequency of B. microti-positive
recipients, from 33.3% in 1999 through 2000, to 6.3% in
2001 through 2005. Our finding of decreased infectivity is
in direct contrast te increased reports of TTB in our neigh-
boring states.?4?* This suggests that our observed decrease
in apparent transfusion infectivity is likely due to two
primary factors. First, the exclusion of index and subse-
quent B. microti-positive donations (beginning in 2001)
resulted in fewer infectious units being transfused.
Second, the continued decrease in the B. microti-positive
recipients from 25% in the first 2 years after seropositive
deferral (2001 through 2002}, to 0% in the following 3 years
{2003 through 2005), suggests that our ongoing research
testing and deferral of seropositive donors has removed
not only acutely infected donors, but also chronically
infected donors from the donor population, who may
transmit infections to blood recipients. We hypothesize
that this donor culling effect has also reduced the rate of
TTB associated with the tested donor population in
Connecticut. Additionally, ecologic and climatic factors
greatly influence the life cycle of Babesia and may have
affected infection and transmission patterns during the
study period. Taken together, the observed decrease for
the ransmission rate in Connecticut recipients suggests
a possible indirect effect of limited donor testing for .
B. microti antibody.

Similar to published reports of TTB,! seven of ejght
transmissions identified in this study implicated a RBC.
Neither the age of transfused component nor the DI
between the index and LB-associated donation influ-
enced the transmission rates among LB recipients. The
latter finding is in contrast to that observed in HIV LB
investigations.' It is of interest to note that in one instance
the age of the implicated RBC was 42 days, thereby
extending the previously published viability of the para-
site in RBCs from 39 to 42 days.® Thus, all in-date RBCs or



whole blood~derived PLTs should be considered at risk for
transmitting B. microti to bloed recipients.

Also enhancing the likelihood of transmission is
whether or not the donor was parasitemic at the time of
donation and the proximity of the implicated donation to
a peak period of parasitemia, which is often intermittent
in nature, and its periodicity varies considerably among
infected donors. Indeed, a significant difference was
found between recipients of index donations (50% posi-
tive) versus other donation (7.3% positive). In addition,
significant differences in positive LBs were found when
comparing LBs originating from donors that were demon-
strably parasitemic (i.e.,, PCR positive at follow-up) com-
pared to nonparasitemic donors, 5 of 15 (29.4%) and 1 of
34 (2.9%), respectively. These findings confirm that index
denations from demonstrably parasitemic donors are at
greatest risk of causing TTB. One limitation of the study
is that donors were not tested by serclegy and PCR on
samples collected on the same day (range, 10-81 days
later; median, 38 days); therefore, it is possible that donors
may not have been parasitemic at the time of the index
donation. Additional limitations of the study include the
use of separate laboratories for testing of donor and
recipient samples arising due to the LB piocess, although
previous studies show minimal differences in IFA results
across laboratories.?

Data published from a 1991 to 1992 study in Con-
necticut calculated the risk of acquiring babesiosis from a
transfused unit of blood cells as 1 in 601 or 0.17% (95% CI,
0.004%-0.9%) and 0 in 371 or 0% (95% CI, 0%-0.8%) for
PLTs.# Later estimates from Connecticut suggest that the
risk in RBCs may be lower; 1 case per 1800 to 1 case per
100,000 KBC units transfused.2**® '[o estimate the risk of
acquiring TIB in Connecticut during the time period
studied, we made the following assumptions; an annual
collection of approximately 150,000 units in the ARC Con-
necticut region, observed seroprevalences from 1999
through 2005 of 1.2% (95% CI, 1.1%-1.4%) and 12.7% (35%
Cl, 5.7%-23.5%) positive LB recipients. Utilizing these
numbers we derived a risk estimate of 229 potential
B. microti transmissions per year in Connecticut.

The success of LB at identifying infected recipients
reported here, coupled with ongoing TTB cases, indicates
the need for implementation of appropriate interventions
to reduce transmission of B. microti to blood recipients.
Because there is currently no sound alternative, regional
implementaticn of donor screening by antibody and/or
nucleic acid test may be judicious. It has been suggested
in recent publications that perhaps the most effective
approach would be to apply an algorithm based on known
endemic regions of the United States, specifically target-
ing the Upper Midwest and the Northeast.*!! Recently the
Rhode Island Blood Center implemented selective B. mi-
croti testing of donors under investigational new drug for
blood transfusions to at-risk recipients, specifically neo-
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nates.!® While neonates certainly represent an important
at-risk population, at least seven of the eight infected
recipients identified in this study were not neonates. Simi-
latly, other studies have reported relatively few infected
neonates arnong larger series of infected blood recipi-
ents.®3 This suggests that a broader recipient population
is at risk for acquiring TTB and needs to be considered in
future interventions. Blood centers, residing in these
regionally endemic areas, should consider implementa-
tion of appropriate interventions that protect all transfu-
sion recipients at risk for TTB.
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Babeaslosis is usually acquired from a tick bite or
through a blood transfusion. We report a case of babesiosis
in an infant for whom vertica! transmission was suggested
by evidence of Babesia spp. antibedies in the heel-stick
blood sample and confirmed by detection of Babesia spp.
DNA in placenta tissue.

Figure. Peripheral blood smear of 6-week-old infant with suspected
congenital babesiosis. Thin arrows indicate Babesia spp. parasites;
thick arrow shows the classic tetrad formatfion or Maltese cross.

abesiosis is an emerging infection in the United

States, principally caused by Babesia microti (1). The
most common route of infection is the bite of an Ixodes
scapularis tick; transmission can also occur by transfu-
sion of infected blood products, and vertical transmission
in animals has been documented (2,3) and is a potential
route of transmission for humans. We report a case of ba-
besiosis in an infant for whom vertical transmission was
suggested by Babesia spp. antibodies in a heel spot blood
sample and confirmed by detection of Babesia DNA in
placenta tissue. ‘

The Case-Patient

A 6-week-old girl from Yorktown Heights, New York,
was admitted to the hospital on September 16, 2002, with
a 2-day history of fever, irritability, and decreased oral in-
take. The mother was asymptomatic during and after her
pregnancy. The infant was delivered vaginally and full
term at 3,430 g without complications. The infant’s mother
had visited parks in Westchester and Dutchess Counties in
New York during the pregnancy but was unaware of any
tick bites. The infant had no known tick exposure, and nei-
ther mother nor infant had a history of blood transfusion.
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During examination, the infant was alert but irritable
and pale, Axillary temperature was initially 36.8°C but in-
creased to 38.1°C on the same day. Her conjunclivae were
icteric, she had a palpable spleen tip, and her liver was pal-
pable 3 cm below the costal margin, Initial laboratory find-
ings included hemoglobin 7.1 g/dL, platelet count 100 x
10%/uL, and leukocyte count 19.7 x 10? cells/plL, with a dif-
ferential of 4% segmented neutrophils, 80% lymphocytes,
and 16% monocytes. Reticulocyte count was 5.5%. Total
bilirubin concentration was 2 mg/dL with a direct fraction
of 0.4 mg/dL; aspartate aminotransferase level was 66 U/L,
alanine aminotransferase level was 50 U/L, and alkaline
phosphatase level was 339 U/L. Cuitures of blood, urine,
and cerebrospinal fluid samples yielded negaiive resulis.
Lyme disease serclogic test result was negative.

Routine examination of a peripheral blood smear
showed B. microti in 4% of erythrocytes (Figure); a blood
sample from the infant was positive by PCR for B. microti
DNA.. Total B. microti antibody titer was >256 by indirect
immunofluorescence assay, with a polyvalent secondary
antibody (anti-IgGH+IgA+lgM) (4) that was presumed to
be principally IgG because test results for IgM were nega-
tive (online Technical Appendix, wwwne.cde.gov/EID/
pdfs/11-0988-Techapp.pdf). The heel-stick blood sample
obtained on the infant’s third day of life as part of new-
born screening was tested and found to be negative for B.
microti by PCR (5) and for IgM but total antibody positive
(>128) (online Technical Appendix).

Examination of the placenta showed focal basal de-
cidual inflammation, mild chorangiosis, and villus dys-
maturity. Babesia spp. piroplasms were not detected in
1Current affiiation: New York University School of Medicine, New
York, New York, USA.
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maternal or fetal blood by histologic examination of he-
matoxylin and eosin—stained sections of formalin-fixed,
paraffin-embedded tissue of the placenta disk, amnion/
chorion, and umbilical cord. Babesia DNA was dstected
by real-titne PCR testing of paraffin-embedded placenta
tissue (online Technical Appendix) (6). Cycle threshold
values were relatively high (37.1-38.2), indicating that
the amount of parasite DNA in the sample was close to the
limit of detection; results were reproducible on duplicate

Vertical Transmission of B. microti

testing of DNA samples extracted from separate paraffin
blocks. The real-time PCR product was of the correct size,
and the melting curve demonstrated melting temperatures
within 1°C from the placenta, the positive control, and
a positive sample from an unrelated patient , confirming
that the correct product was amplified. At time of the ill-
ness in the infant, the mother was negative for Babesia
spp. according to PCR and smear but positive for total
antibodies (>256).

Table. Comparison of selected clinical and laboratory data from reported cases of congenital babesiosis in 5 infants*

Reference
Clinical data (N ()] (%) (10) This study
Year of diagnosis/  Not given/Long Island, Not given/Long Island, Not given/New  Not given/Long 2002M\Wesichester
{location New York New York Jersey Istand, New County, New York
York
Infant age at time of 30 32 19 27 41
symptom onset, d
Clinical findings Fever, irritability, Fever, lethargy, poor Fever, poor Fever, pallor  Fever, decteased oral
pallor, feeding, pallor, scleral  feeding, gagging, intake, irvitability,
hepatosplenomegaly  iclerus, hepatomegaly  irritability, pallor, scleral icterus, pallor,
scleral icterus, hepatosplenomegaly
hepato-
splenomegaly
Initial babesia 5 44 15 2 4
parasitemia level, %
Hospitalization, d 6 5 3 NA 5
Maternal tick bite 1 wk before delivery 7 wk beiore delivery 4 wk before None known None known
delivery
Babesia spp. 30 d after birth: Atillness onget: IgG IFA  Atillness onset: NA Newborn screening
serologic and PCR  IgM+/lgG+ (128/128) 160; IgM/lgG lgM+/1gG+ (heel stick): gh—
results for infant by IFA; 32 d after immunoblot +; PCRND  {40/256) by IFA; (<16); total antibody +
. birth: [gM+/lgG+ PCR ND (=128} by IFA: PCR—;
(256/512) by [FA; 6 wks after birth: IgM-—-
PCR ND {<16); total antibody +
(~256) by IFA; PCR+
Babesia spp. 30 4 afler birth: 7 wk hefore birth: lgG Atinfantillness  Atinfantillness Birlh: placenta PCR+,
evaluation results IgM+/igG+ IFA <40; IgMNgG onset: [gM+/lgG+  onset: PCR+ & wk after birth: IgM
for mother (2.048/1,024); 32d  immunoblot— 2 mo afler  (80/>1,024) by ND,; total antibody +
after birth: IgM+/ IgG+ birth: 1gG [FA 640; IFA; peripheral {>256) by
(4,096/1,024); lghflgG immunoblot +;  smear negative at IFA; PCR—; peripheral
peripheral smear —at  peripheral smear —at {ime of infant smear —
time of delivery and at  delivery and at infant iiness onset
30 and 32 d after birth illness onset
HGB, g/dL 9.3 10.8 88’ NA; HCT 24.3% 7.1
Platelets, x 10%ul 38 87 34 101 100
teukocyles/PMN 8,500/1,170 NA 9,000/1,890 NA 19,700/788
leukocyles, cellsful
LDH, UL 894 NA 2535 NA NA
Bilirubin indirect, 3.6 8.7 5.9 NA 16
mg/dl
AST, UL 80 NA 53 NA 66
ALT, U/l a0 NA 18 NA 50
Treatment Chland quinine for 10 CLI and quinine with AZT and ATO for  AZT and ATO, AZTandATO for9d
d AZT added on day 3; on 10d duration not
day 5 changed to AZT given
plus quinine for
additional 7 d
Follow-up Well at 6 mo Improved at 2 wk Lost to follow-up NA 22 mo
posttreatment

Blood transfusion for

anemia

Yes, for HCT of 18%

Yes, for HGB of 7.3 g/dL.  Yes, for HGB of

7.0 grdL

Yes, for HCT of
17.3%

Yes, for HGB of 5.2
g/dL with HCT of
15.8%

*No methers became ill. NA, not available; +, positive; iFA, indirect immunoflucrescence assay; ND, not done; —, negative; HGB, hemoglekin;

HCT, hematocrit; PMN, polymorphonuclear; LDH, lactate dehydrogenase level; AST, asparate aminofransierase; ALT, alanine aminotransferase; CLF,
dindamycin; AZT, azithromycin; ATO, atovaquone.
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The infant was treated with a 9-day course of azithro-
myecin plus atovaquone. A blood transfusion was adminis-
tered when her hemoglobin concentration fell to 5.2 g/dL.
The infant became afebrile by 72 hours and was discharged
after a 5-day hospitalization. Repeat blood smears revealed
a parasite load of 0.3% at dischargé. On final evaluation at
22 months of age, physical examination revealed no abnor-
malities; hemoglobin level was 11.7 g/dL, Babesia PCR
was negative, and total Babesia antibody level was positive
at 128.

Conclusions :

Congenital babesiosis has been rarely reported (Table)
{7—10). This case provided convincing evidence for con-
genital babesiosis because of prepartum infection involv-
ing the placenta in the mother. On the basis of experience
with congenital malaria, we assume that Babesia spp. par-
asiles cross the placenta during pregnancy or at the time
of delivery (11,12). In congenital malaria, increasing evi-
dence suggests that the malaria parasites are most often
acquired antenatally by transplacental transmission of in-
fected erythrocytes (12).

Reported cases of congenital babesiosis share many
similarities, including asymptomatic maternal infection
and development of fever, hemolytic anemia, and thrombo-
cytopenia in the infant detected between 19 and 41 days af-
ter birth. All of the infants responded to antimicrobial drug
therapy; 3 were treated with azithromycein plus atovaquone
{9,10), the preferred treatment regimen for mild babesio-
sis (I). All infants required a blood transfusion because of
severe anemia. The clinical signs and symptoms for thefe
cases of congenital babesiosis are similar to those of con-
genital malaria in non—disease endemic areas (11,13).

We found Babesia spp. antibodies on day 3 of life
by analyzing the patient’s heel-stick blood sample, which
likely represented maternal transfer of IgG. Passive frans-
fer of maternal antibodies is regarded as a protective factor
against congenital malaria, and some newborns with ma-
laria who are parasilemic at birth spontaneously clear the
infection without ever becoming ill (/ ,74). The temporary
presence of maternal IgG in infants has been suggested as
an explanation for the typical 3-6 week incubation period
of congenital malaria in non—discase endemic areas (74).

The real-time PCR used to find B. microti DNA in
placenta tissue is =20x more sensitive than microscopic
examination of Giemsa-stained blood smears (6). As-
suming a blood sample with a parasitemia equivalent to
that detected in the placental tissue, a blood smear would
contain <10 infected cells per slide. Given the low level
of Babesia DNA in the placenta tissue, it is not surpris-
ing that histologic examination did not reveal piroplasms.
Nomnetheless, limited evidence of placental abnormalities
suggests a pathologic process.

In summary, babesiosis is an emerging infectious dis-
ease (/J5) that can rarely cause congenital infection. This
diagnosis should be considered in the differential diagne-
sis of fever and hemolytic anemia in infants from disease-
endemic areas.
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The United States Trypanosoma cruzi Infection Study: evidence
for vector-borne transmission of the parasite that causes Chagas
disease among United States blood donors

Paul T. Cantey, Susan L. Stramer, Rebecca L. Townsend, Hany Kamel, Karen Ofafa, Charles W, Todd,
Mary Currier, Sheryl Hand, Wendy Varnado, Ellen. Dotson, Chris Hall, Pamela L. Jett, and
Susan P Montgomery

BACKGROUND: Screening US blood donors for Trypa-
nosoma cruzi infection is identifying autochthonous,
chronic infections. Two donors in Mississippi were iden-
tified through screening and investigated as probahle
domestically acquired vector-borne infections, and the
US T. cruzi Infection Study was conducted to evaluate
the burden of and describe putative risk factors for
vector-borne infection in the United States.

STUDY DESIGN AND METHODS: Blood donars who
tested enzyme-linked immunosorbent assay repeat
reactive and positive by radisimmunoprecipitation
assay, and whose mode of infection could not be identi-
fied, were evaluated with a questionnaire te identify
possible sources of infection and by additional serologic
and hemocullure testing for T. cruzi infection.
RESULTS: Of 54 eligible donors, 37 (69%} enrolled in
the study. Fifteen (41%) enrollees had four or more
positive serologic tests and were considered positive for
7. cruzi Infection; one was hemoculiure positive. Of the
15, three (20%) donors had visited a rural area of an
endemic country, although none had stayed for 2 or
more weeks. Al had Yived in a siate with documented

T. eruzi vector(s) or infected mammalian reservoir(s), 13
(87%) reported outdoor leisure or work activities, and
11 (73%) reported seeing wild reservoir animals on their
property.

CONCLUSION: This report adds 16 cases, including
one from the Mississippi investigation, of chronic

T. cruzi infection presumably acquired via vector-borne
transmission in the United States to the previously
reported seven cases. The estimated prevalence of
autochthonous infections based on this study is 1 in
354,000 donors. Determining US foci of vector-botne
transmission is needed to better assess risk for
infection.

hagas disease is caused by the protozoan para-
site Trypanosoma cruzi, which is usually trans-
mitted by infected triatomine insects during
their nocturnal feedings. Non-vector-borne
routes of fransmission include blood transfusion, organ or
tissue transplantation, congenital, laboratory exposure,
and ingestion of contaminated food or drink.!? Cases
involving all mechanisims of transmission except for the
ingestion of contaminated food or drink have been

ABBREVIATIONS: ARC = American Red Cross; BSI=Blood
Systems, Inc.; CG = concordant group; DG = discordant group;
IFA = immunofluorescent antibody assay; RIPA = radio-
immunoprecipitation assay; S/CO = signal-to-cutoff ratio;
TESA IB = trypomastigote excreted or secreted antigen
immuncblot; USTC = US T. cruzi Infection Study.
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documented in the United States including seven cases of
autochthonous, likely vector-borne transmission 39

The acute phase of infection typically lasts 4 to 8
weeks. Most patients are asymptomatic though some may
present with a mild febrile iliness, Rarely the patient may
develop Romafia’s sign, acute myccarditis, or meningoen-
cephalitis. If left untreated, most patients will progress
frorn acute to the chronic phase of infection and will kikely
remain infected for life. Those who do not develop symp-
toms and who have a normal physical exam, 12-lead
electrocardiogram, and radiclogic exam of the chest,
esophagus, and colon are considered to have the indeter-
minate form of chronic infection. Approximately 20% to
30% of patients with the indeterminate form of infection
will eventually develop organ damage involving the heart
or the gastrointestinal system. This pathologic process can
result in a variety of problems including, but not limited
ta, cardiac arrhythmias, congestive heart failure, sudden
cardiac death, achalasia, megaesophapus, prolonged
constipation, megacolon, and bowel ischemia! In Latin
America, an estimated 12,500 people died in 2006 due to
the complications arising from chronic, symptomatic
Chagas disease. Approximately two-thirds of these deaths
were due to sudden cardiac death, 25% to 30% were due to
refractory congestive heart failure, and 10% to 15% were
due to thromboembolic events? Bern and colleagues!
recently reviewed the evaluation and treatment of Chagas
disease as applicable to the United States.

Chagas disease diagnostic testing is complex. The
‘World Health Organization criteria for the serologic diag-
nosis of Chagas disease recornmend that an individual has
two positive tests before considering the individual
infected; however, a single test is acceptable for deter-
mining the suitability of a blood unit for transfusion.!
Diagnosis of T. cruzi infection in chronically infected indi-
viduals in the United States is based on reactivity to two
different serologic tests of different methods and/or target
antigens, with due consideration given to the individual's
epiderniologicrisk for infection.! The CDC currently uses
two tests for the diagnosis of Chagas disease. The immun-
aftucrescent antibady assay (IFA} is a CDC in-hause test
based on fixed epimastigotes where reactivity at 1-in-32 or
greater sample dilutions is defined as a reactive test. The
Chagatest recombinant v3.0 enzyme-linked immunosor-
bent assay (ELISA, Wiener, Rosario, Argentina) is based on
six different recombinant antigens; it is Food and Drug
Administration (FDA) cleared for diagnostic use in the
United States. The assay cutoff was determined according
to the product insert and in usual practice an optical
density (OD) of greater than 0.33 is reactive. Additionally,
the CDC uses the trypomastigote excreted or secreted
antigen immunoblot (TESA IB}, which uses a mix of trypo-
mastigote exoantigens.'? Reactivity to T cruzi-specific
transsialidase antigens at 150 to 160 kDa is considered a
positive result.” In studies outside of the United States, the
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TESA IB has been shown to be useful for the diagnosis of
chronicinfection and for the confirmation of blood donors
with otherwise inconclusive results.'s4

Currently two FDA-approved screening tests for
blood donors are available for use in the United States.
The T cruzi EIA test system (Ortho-Clinical Diagnostics,
Inc., Raritan, NJ) is based on a trypanosome epimastigote
parasite lysate. The PRISM Chagas chemiluminescent
immunoassay (Abbott, Abbott Park, IL) is based on four
hybrid recombinant T. cruzi proteins. A repeat-reactive
result for either test at a signal-to-cutoff ratio (S/CO) of 1.0
or greater is considered sufficient to discard the donation
and to defer the donor from future donations. The radio-
immunoprecipitation assay (RIPA), available through
Quest Diagnostics (Madison, NJ}, is also based on an
epirnastigote parasite lysate and is used by most blood
centers to confirm repeat-reactive screening results.!s16
Reactivity corresponding to envelope surface antigens at
72 and 90 kDa is considered a positive result confirming
antibody reactivity.”?

In January 2007, the American Red Cross (ARC) and
Blood Systems, Inc. (BSI} implemented the Ortho EIA for
screening of each blood donation for antibodies to
1. cruzi. Universal blood donation screening in the United
States has identified a prevalence of approximately one
serologically confirmed-positive donor for every 28,000
donations screened.!®!® In June 2007, two blood donors in
rural Mississippi were identified by Mississippi Blood Ser-
vices as T cruzi antibody confirmed (meaning repeat

"reactive on Ortho EIA and confirmed by RIPA), but neither

donor had identifiable risk factors typically associated
with T, cruziinfection (i.e., birth in or travel to an endemic
couniry or maternal risk). The CDC was invited by the
Mississippi State Department of Health to assist with the
investigation of these suspected autochthonous cases.
Because of the results of the investigation of these two
blood donors and the fact that vector-borne transmission
has been previously reporied in the United States, we
further investigated the potential for autochthonous
transmission in T ¢ruzi antibody-confirmed blood
donors who had not lived outside the United States. The
identification of such donors could be a means to increase
the detection of chronic T. cruzi infection in the United
States and to aid in the identification of risk factors for
vector-borne transmission in this cbuntry. Therefore, the
US T cruziInfection Study (USTC) was designed to evalu-
ate the burden of, and putative risk factors for, vector-
borne acquisition of infection in the United States.

MATERIALS AND METHODS

Donor selection and testing algorithms

All ARC and BSI blood donors presenting since January
29, 2007, were screened with the licensed Ortho T, cruzi

an




EIA as part of routine screening for blood-borne patho-
gens; prior use of the Ortho EIA occurred at the Los
Angeles region of the ARC as part of a clinical trial (under
an investigational new drug protocol, for test kit licen-
sure). For each Ortho EIA repeat-reactive donor, the
Ortho EIA and RIPA were repeated from a separately col-
lected sample from the same donation to exclude sample
contamination ox other sovrces of error that may have
occurred during the test-of-record testing. For the pur-
poses of gverall analysis of screening test efficacy, donors
testing repeat reactive (test-of-record) were invited to
participate in a donor follow-up study including those
with RIPA confirmed-positive results, defined as cases
for this separate donor follow-up study, and those with
RIPA-negative or indeterminate results, defined as con-
trols for this separate donor follow-up study (these
results are not included in this report}. Routine donor
follow-up included collecting an additional sample for
repeat Ortho EIA screening and RIPA performed on all
samples; in addition, RIPA-positive donors had samples
collected for molecular (polymerase chain reaction
[PCR]) and infectivity (hemoculture) studies performed
by in-house methods at the ARC (PCR data not included
in this report)?® After the FDA licensure of the
Abbott PRISM Chagas chemiluminescent immunoassay,
all index and follow-up samples from ElA-reactive
donors were also tested retrospectively. Follow-up of all
Ortho ElIA-reactive donors also included responding to a
questionnaire covering donor demographics and T, cruzi
risk factors.

RIPA-positive donors for whom no risk factors
for T cruzi infection were identified from the initial
follow-up questionnaire for the separate donor follow-up
study were invited to participate in USTC. Participating
donors were asked to complete a separate USTC ques-
tionnaire administered by the same study personnel
who administered the original follow-up questionnaire
and to undergo testing beyond that described as
part of follow-up. Spanish only-speaking donors
were excluded from the study since these individuals
likely represented donors whose infection did not
originate in the United States. The USTC questionnaire
gathered information about outdoor activities, including
time frames and geographic location, structures on
property where triatomines could establish colonies,
exposure to triatomines, exposure ta wild and domesti-
cated anirnals that have been found to serve as reservoirs
of infection, and exposure to foods that have been asso-
ciated with food-borne transmission of infection in
endemic couniries in Latin America. In addition to
the testing already described and performed by the
blood center testing laboratories, as part of USTC, the
CDC performed its in-house IFA, the Wiener EIA, and its
in-house TESA IB. Bach donor was tested only once by
the CDC,

VECTOR-BORNE T. CRUZI IN US DONORS

Human subject approvals and
statistical considerations

The protocol was approved by the CDC and ARC institu-
tional review boards. The ARC institutional review board
served as the institutional review board of record for BSL
Because the purpose of the study was to generate hypoth-
eses, no sample size calculations were performed and
investigators attempted to enroll any individual who
qualified. Results for all testing and follow-up question-
naire data were collated by the CDC, Descriptive statistics
were calculated in computer database software (Microsoft
Excel, Microsoft Corp., Redmond, WA).

RESULTS

Mississippi case reports leading to the
USTC study

The first of the two donors (Danor A) was 44 years old at
the time of the relevant blood donation in 2007. He had
had one episode of syncope in the past, although this tem-
porally related to an acute myocardial infarction in 2004.
He had received 2 umits of red blood cells (RBCs) at the
time of his quadruple coronary artery bypass, but both of
his donors had nonreactive Ortho EIA test results. He had
not received an organ or tissue transplant and he
had never traveled to an endemic country. In fact, he had
never traveled outside the United States. His mother
had neverlived in an endemic area. His electrocardiogram
did not reveal any conduction abnormalities, Epidemio-
logic investigation revealed that he had lived in the rural
South all of his life and may have lived in substandard
housing during his youth. He had multiple outdoor activi-
ties that could bring him in contact with triatomine bugs
at night, including hunting and working outside at nightin
a wooded area under a bright light. Additionally, he field
dressed animals killed while hunting withowt using ploves.
Moreover, he reported exposure on his property to mul-
tiple mammalian species that have been shown to be
potential reservoirs of the T. cruzi parasite in the United
States, including opossurns, raccoons, skunks, and arma-
dillos. nvestigation of his property revealed a single adult
Triatoma sanguisuga, a species of triatomine bug recog-
nized to be a vector of T eruzi.

Donor A’s index and follow-up serum samples were
repeat reactive by the Ortho EJTA (S/CO, 4.5) and RIPA posi-
tive. Both blood samples were sent to the CDC and were
IFA positive with titers of 64 for the first sample and 32 for
the second sample. Both samples were also positive on the
Wiener EIA with raw OD values of 0.709 and 0.350 (0.33
OD cutoff). All testing performed on his family members
as well as his hunting dogs was negative. PCR performed
on the T. sanguisuga was positive for T. cruzi,

The laboratory testing confirmed that Donor A was
antibody positive and likely infected with T. cruzi. Based
on his presentation he was in the indeterminate form of
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chronic infection. Although an infected vector was found
on his property and the donor was at risk for nocturnal
exposure to the vector based on his reported activities, itis
unclear exactly when and where he was infected. He was
offered treatment but declined.

Donor B was 64 years old at the time of the relevant
blood denation. He had no concerning cardiac or gas-
trointestinal symptoms. He had never received blood
products, organs, or tissues. He had visited the border
region of Mexico while working in Texas but had never
spent the night outside the United States. His mother had
never lived in an endemic cotntry. Epidemiologic investi-
gation revealed that he had grown up in rural Louisiana,
possibly in substandard housing. He also reported activi-
ties that could result in exposure to the vector at night,
including hunting and working in the barn on his prop-
erty. Like Donor A, he reported exposure to multiple
potential mammalian reservoir species including opos-
sums, raccoons, and armadillos. He also thought he
recognized the triatomine bug, and investigation of
his property also revealed a single adult specimen of
T sanguisuga.

Donor B’s index and follow-up serum samples were
repeat reactive on Ortho EIA (S/CQO, 1.5) and RIPA positive.
Both samples were negative by the CDC IFA. The index
sample was negative by theWiener ElA but the second was
borderline negative with an OD of 0.270. PCR performed
on the T sanguisuga was negative for I. cruzi.

The laboratory testing in this case was more difficult
to interpret. Blood center testing confirmed antibody
reactivity in Donor B; howevey, the CDC's testing was
inconclusive, and thus the infection status for Donor B
could not be determined, although like Donor A, he had
risk factors that could suggest vector-borne transmission.
He did not seek medical evaluation or treatment.

UsTC

From August 31, 2006, to April 30, 2010, a total of 1084
donors were identified by ARCand BSI as T cruziantibody
confirmed from screening approximately 23 million
donations. This is a prevalence of 1 in 26,700 donations
screened for these two organizations, which represent
greater than 50% of collected blood in the United States.
Of the 292 (26.9%) RIPA-positive donors who were partici-
pants in the donor follow-up study, 56 were eligible for the
USTC; 39 (70%) agreed to participate. Two of the 39
enrolled donors were excluded after testing was complete
because it was determined that they had mothers from
endemic Latin American countries, leaving 37 donors in
the study from a total of 54 eligible donors. The 37 donors
were divided into two groups based on their USTC testing
results. The concordant group (CG) consisted of 7. cruzi
antibody-confirmed donors with at least two positive
CDC tests (IFA, Wiener BIA, and/for TESA 1B), including
one donor who had a borderline positive Wiener EIA. In
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contrast, the T cruzi antibody-confirmed donors in the
discordant group (DG) had no positive results when tested
atthe CDC. The CGincluded 15 (41%) donors, whereas 22
(59%) were classified in the DG. The median age of CG
donors was 42 years (range, 21-65 years}), and the median
age of DG donors was 45 years (17-77 years}. Other demo-
graphic information for both groups is shown in Table 1.

The mean Ortho EIA S/CO test-of-record result fox
each CG donor at index is shown in Table 2 in order of
decreasing S/CO values. Table 2 also provides all subse-
quent testing data by combining individual results by
assay for each donor's index test-of-record, repeat index
(from an independent sample), and follow-up sample test
result. Thus, a result of three of three indicates that all
samples (index test-of-record, independent index, and
follow-up) were all reactive; values of greater than three
indicate mulfiple follow-up samples. All testing was per-
formed in singlet with the exception of the Ortho and
Abbott screening assays, which are reperted as mean
values of three results: initial reactive and duplicate retest
values. It is important to note that all 15 CG donors had
Ortho EIA repeat-reactive resulis on all subsequent
testing, All donors except donor CG14 had a positive RIPA
for each sample tested. Nine of the 15 CG donors had a
positive titer by IFA; the donors with a negative IFA were
donors CG9-11 and donors CG13-15. All 15 denors had a
positive or borderline positive Wiener EIA and a positive
or weakly positive TESA 1B. The Abbott PRISM Chagas
assay, which became available after the initiation of this
study, was performed on 14 of the 15 CG donors. All tested
donors were PRISM repeat reactive except Donor CG14.
Only Donor CG4 had a positive hemoculture,

Similar to CG donors, the DG donors were tested on
multiple occasions by the Ortho EIA and RIPA. Of note,
although 21 of 22 donors had at least one repeat-reactive
specimen on the Ortho EIA, only Donors DG2 and DG4
had consistently repeat-reactive results on all specimens
tested (Table 3). Similarly, although all donors had a least
one positive RIPA, only Donor DG4 was consistently RIPA
positive on all specimens. Note that DG22 was initially
identified as Abbott PRISM reactive (during a clinical trial)
and was included as an eligible donor because of his RIPA
positivity (albeit Orthe EIA nonreactive). All DG donors

TABLE 1. Basic demographic informatic
by group* -
o] DG
Demographic n=18) (n=22)
Female sex 9 (60) 7 {32)
Non-Hispanic white 10 (67) 19 {30)
Non-Hispanic black 0(0) 2(9)
Hispanic 5 (33) 1 (5)
Born in the United States or its territories 15 (100) 22 (100)
Mother born in endemic country 0(0) 0 (o)
" Dala are reported as number (%).
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TABLE 2. USTC testing results for the CG donors*
Index Ortho Number RR Number positive .
EIA mean Ortho/number RIPAMumber Wiener EIA PRISM

1D S/CO tested tested IFA titer - raw QD TESA 1B mean S/CO
CG1 6.2 414 22 128 3.5 Pos 11.2
CG2 5.1 33 212 64 3.4 Pos 10.5
CG3 4.7 a/4 22 256 3.1 Pos 5.2
CG4 4.5 a4 44 32 2.8 Pos 6.8
CGs 4.3 5/5 4/4 32 2.4 Pos 7.3
CGs 34 2/2 272 128 2.3 Pos 8.5
CcG7 34 313 33 a2 24 Pos 7.5
cGs 3.4 3 33 3z 3.5 Pos 3.7
cGo 2.9 3/3 33 =16 0.55 Pos 3.1
CG10 28 3/3 33 =16 0.87 Pos NA
CG11 2.5 313 33 =16 0.66 W. Pos 27
CG12 25 4/4 414 64 0.2 Pos 2
CGE13 2.1 3/3 33 =16 2.1 W. Pos 1.9
ca14 14 3/3 2/3 =16 1.1 Pas 0.75%
cGE15 14 e ¥3 =16 0.33¢ W. Pos 1.2
* Ortho ElAis the Ortho T. cruzi ELISA test system, and a S/C0 = 1.0 is a reactive test; [FA is the CDC in-house IFA, reactivity at a sample

dilution of =32 is a reactive test; Wiener ElA is the Chagatest ELISA recombinant v3.0, and a raw OD of »0.33 is a reactive test; PRISM is

the Abbotl PRISM Chagas chemiluminescent immunocassay, and a S/CO =1.0 is a reactive test,
T Nonreactive samples were not run in triplicate so this is a single not a mean value.
¥ This result is borderline positive.
NA = not available; Pos = positive; RR = repeat reactive; W. Pos =weakly positive.

TABLE 3. USTC testing results for the DG donors*

Index Ortho Number RR Number positive
EIA mean Ortho/number RIPA/number Wiener EIA
D S/CO tested tested IFA titer Raw QD TESAIB PRISM S/CO
DG 3.4 314 113 =16 =0.33 Neg 0.21
DG2 28 4/4 1/4 =16 =033 Neg 0.06
DG3 2.5 4/5 14 =18 =0.33 Neg 0,15
bG4 1.9 5/5 5/5 =16 =0.33 Neg 042
DGS 1.8 34 14 =16 =0.33 Neg 0.17
BG6e 1.8 145 25 =16 =0.33 Neg 0.06
DG7 1.7 2/4 174 =16 =0.33 Neg 0.10
DGa 1.4 34 214 =16 =0.33 Neg 0.11
DGg 1.3 2/5 114 =16 =0.33 Neg 0.13
DG10 1.3 3/ 114 =16 =0.33 Neg 0.15
DG11 1.3 /4 2/4 =16 =0.33 Neg 0.07
DGi2 1.3 1/4 244 =16 =0.33 Neg 0.15
DG13 1.2 45 1/5 =16 =033 Neg 0.07
DGE14 1.2 afs 2/4 =16 | =0.33 Neg 0.17
bG1s 1.2 215 15 =16 =0.33 Neg 0.48
DG16 1.2 2/4 2i4 =18 =0.33 Neg 0.10
DG17 1.2 3/4 1/3 =16 =0.33 Neg NA,
DG18 11 1/4 2/4 =16 =0.33 Neqg 0.06
DG19 11 1/5 15 =16 =0.33 Neg 0.08
DG2o 1.0 2/4 214 =16 =0.33 Neg 0.06
DGE21 1. 1/5 115 =16 =0.33 Neg 0.05
DG22 (18 0/4 114 =16 =0.33 Neg 0.81

RR = repeat reactive; NEG = negative; NA = not available.

* Ortho EIA is the Ortho 7. cruzi ELISA test system, and a S/CO =1.0 Is a reactive test; IFA
sample dilution of =32 is a reaclive test; Wiener EIA is the Chagatest ELISA recombinant v3.0, and a raw
PRISM is the Abbott PRISM Chagas chemiluminescent immuncassay, and a S/CQ =1.0 is a reactive test.

is the CDC in-house IFA, and reactivity at a
0D >0.33 is a reactive test;

were IFA, Wiener EIA, and TESA IB negative; the Abbott
PRISM Chagas assay was nonreactive for all 21 donors for
whom the test was performed. All 22 DG donors had a
negative hemoculture result.

The risk factors for acquisition of T cruzi infection
among CG donors are shown in Table 4. Of note, no donor

had a mother from an endemic Latin American country
and no one worked with the parasite in a laboratory, Two
donors had received blood transfusions in the United
States (CG1 and CG10). No donor received htman tissue
or organs in the United States or blood products, tissue, or
organs in an endemic Latin American country, Eleven
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TABLE 4. Risk factors for Chagas disease in the
CG donors {n=15)"

Mother born in endemic country o (0)
Received blood product in United Statest 2 (13)
Received tissue or organ in United States o (0}
Received blood, tissue, or organ outside United States 0 (0)
Travel fo endemic country 8(33)
Mexico only & (40}
Guatemala, Belize 1
Costa Rica, Panama, Mexico 1(7)
Travel >2 weeks in an endemic country 0 (0)
Teavel to rural area in an endemic country 3 (20}
Lived abroad in endemic country 00
Worlked in a laboratory with the parasite 0{0)

* Data are reparted as number (%).
1 One donor received a transfusion in 1971 in Califomia, and
one donor received a transfusion in Florida in 1987.

TABLE 5. Patentlal rigk factors for vectar-borne
T. cruzj infection in the United States in the CG
donors (n=15)"

Ever resided in a state with VAR 15 (100}
In rural area within this state 11 (78)
Ever worked cutdoors in state with VIR 7 (47}
In the woods . 5 (33)
At night 427
Qutdaoor leisura activity in state with VIR 10 (67)
Hunted 3 (20)
Camped . & {40)
Gardened 4 (27)
Qutdoor leisure or work activity in state with VAR 13 (87)

* Dalta are reporied as number (%).
VAR = T. cruzi vector or infected mammalian reservoir.

donors had traveled outside the United States, although
only eight had traveled to an endemic Latin American
country. Three donors {CG1, CG4, and CG13} had traveled
to a rural area in an endemic Latin American country;
however, no donor had stayed in the area for moye than 2
weeks. It is important to note that donor CG4, who was
hemoculture positive, had spent less than a week in an
endemic Latin American country and although the donor
reported spending tire in rural areas, the donor did not
spend the night in those areas.

Three (20%) of the 15 CG donors reported having
seen a triatomine insect before, although only one (7%)
reported having been bitten by a triatomine. Potential for
& CG donor to have been exposed to the triatemine vector
based on residence and outdoor activities is shown in
Table 5. All CG donors had resided in a state in which
the vector or an infected mammalian reservoir has been
decumented® (see Table 6 for list of these states), and 11
{73%) reported having lived in rural areas of such states. In
addition to residence in these states, seven [47%) donors
had worked outdoors; 10 (67%) donors had participated in
outdoor leisure activities, such as hunting, camping, and
gardening; and 13 {87%) donors had worked outdoors or
participated in outdoor leisure activities in a state with
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TABLE 6. US states with documented presence
of the vector for T. cruzi or infected reservoir
mammallan species®

State Vector Infected reservoir
Alabama Yas Yas
Arizona Yes Yes
Arkansas Yes

California Yes Yes
Colorado Yes

Florida Yes Yes
Georgia Yes Yes
Hawail Yes

{llinois Yes

indiana Yes

Kansas Yes

Kentucky Yes Yes
Louisiana Yes Yes
Maryland Yes Yes
Mississippl Yes Yes
Missouri Yes Yes
Nevada Yes

New Jersey Yas

New Mexico Yes Yes
North Carolina Yes Yes
Ohio © Yes

Oklahoma Yes - Yes
Pennsylvania Yes

South Carelina Yes Yes
Ternesses Yes Yes
Texas Yes Yes
Utah Yes

Virginia Yes Yes

documented vectors or infected reservoirs. Six (40%)
donors reported a structure on the property that has the
potential for colonization by triatomines; these inciuded
chicken coops, barns, stables, and woodpiles. Eleven
(73%) donors reported seeing wild anirnals on their prop-
erty that have been shown to serve as reservoirs of T cruzi
infection; these included house mice, squirrels, opos-
sums, raccoons, bats, wood rats, skunks, armadillos,
coyotes, and gray foxes.?! All CG donors reported exposure
to domestic animals on thejir property that have been
shown to serve as reservoirs of T. cruzi infection; these
included dogs, cats, cows, and guinea pigs.2! Finally, two
(13%) CG donors reported eating or drinking each of the
following foods that have been associated with food-
borne outbreaks in endemic countries outside of the
United States: agal beiries, raw imported sugarcane juice,
and fresh squeezed juice from an unregulated vendor,

DISCUSSION

The USTC study is the first to document the burden
of vector-borne autochthonous T cruzi infection in the
United States. Before this study, only seven cases of vector-
bormne T, cruzi transmission were reported in the United
States, even though the vectors capable of transmitting
the parasite have been identified in 28 states and infec-
ted reservoir mammals have been identified in 17 states



{Table 6).2! This report adds 16 additional autochthonous
cases to the list of documented cases, including one case
from a blood donor in Mississippi and 15 cases among the
CG donors identified through bload donation screening at
the ARC and BSL It is important to note that most of the
previously reported autochthonous cases were acute
infections, whereas those cases that have been identified
among blood donors represent apparently asymptomatic
chronic infections. These cases would most likely have
been transmitted by the vector. Putative risk factors for US
vector-borne transmission of T cruzi infection, which
need further investigation, include a history of living in a
rural area where the vector or infected mammalian resex-

voir is found and a history of outdoor activities, particu-

larly nocturnal activities, in such an area.

" Vector-borne transmission does not appear to be
common in the United States. Extrapolating USTC data to
the entire RIPA-positive donor population, one would
predict that 82 donors (7.5% of RIPA-positive donors)
would be classified as CG- donors. This extrapolation
results in an estimated prevalence of one US vector-borne
case per 354,000 donations screened over the time period
of study. This figure may underrepresent or overrepresent
the true prevalence due to autochthonous vector-borne
transmission, but this report is the first estimate of preva-
lence in asymptomatic individuals. Thus, these findings
have both clinical and blood safety implications.

The donors in this study fell into two categories of
testing resulis: concordant results and discordant results.
Fourteen of 15 CG donors were consistently reactive on all
tests except for the CDC IFA, which appears to have lower
sensitivity than the other tests. We believe that the concor-
dance between serologic assays indicates that all 15
donors within the CG group have specific T. cruzi anti-
body reactivity and represent either past or present infec-
tion. Data available for the Ortho EIA, RIPA, the CDCIFA,
the Wiener EIA, and the TESA IB suggest the sensitivity for
each test to be 99, 100, 54, 99, and 100%, respectively, and
the specificity to be 99, 100, 95, 99, and 100%, respectively,
as defined by published studies™® or study results
included in the product’s package insert?**® or determined
by the CDC.% These numbers need to be interpreted with
caution, as the performance of each test varies depending
on the population in which the test is used. Based on the
lowlikelihood of simultaneous false positivity ocecurring in
four to five of the serclogic tests performed, it is highly
probable that all 15 CG donors had been infected by
T cruzi.

The DG donors were uniformly negative on all CDC
tests and the Abbott PRISM Chagas assay. Both Ortho EIA
and RIPA assays were reactive for 21 of 22 donors. More
than half of the Ortho §/CO ratios from the index and
follow-up blood samples were 1.3 or less, and the Ortho
EIA and the RIPA were not consistently positive on
repeated festing. Although all donors were RIPA positive

VECTOR-BORNE T, CRUZ/ IN US DONORS

at least once, and some several times, the antibody reac-
tivity is possibly not specific to T. cruzi infection and may
instead be due to cross-reactivity from another infec-
tion or due to non-parasite-related antigens in the
tests (biologic false positivity} or due to sample cross-
contarnination of the samples used for the index test-of-
record testing. This report highlights the complexity of
making a diagnosis of T’ cruzi infection based solely on
antibody testing in the absence of known risk factors. As
there still is no gold standard serologic test for T. cruzi
infection, including the latest FDA-licensed screening
tests, an accurate diagnosis can only be made basedona
testing algorithm that involves multiple tests {ideally
using a combination of antigen sowrces) and risk
information.

Defining what the DG group represents is challeng-
ing. Possibilities include that all DG donors had false-
positive RIPA and Ortho EIA testing results, and no donor
was ever infected or exposed. Other possible explanations
for the discordant results include that some of the DG
donors may have been exposed to T cruzi but never
infected or that some were infected but the antibody
response to their infections was not detectable by CDC
testing. This uncertainty hampers our ability to evaluate
the diagnostic performance of the RIPA, as we cannot say
with certainty that the DG donors were not infected, and it
prevents us from using the DG donors as controls to evalu-
ate risk factors for US vector-borne transmission in a

.quantitative manner.

Determining whether or not all the CG donozs actually
acquired their infections in the United States via an
infected vector is almost impessible and the conclusion
that autochthonous infection occurred can anly be
reached after eliminating other potential sources, There is
the possibility that two CG donors contracted their infec-
tions from transfusions they received in the United States,
However, there are only five documented US cases of
transfusion-associated transmission and an additional
two from Canada in the Iieer—reviewed literature,®
although transfusion mayresult in asymptomaticinfection
that would likely remain undocumented. All seven recipi-
entswere immunosuppressed, making them more lkely to
become symptomatically infected. Six recipients received
platelets (PLTs);*® no implicated product was identified for
one recipient. PL'Ts are believed to carry a higher risk of
transmission than RBCs due to similar buoyant densities of
PLTs and trypomastigotes, parasite survival during the
storage conditions used for PLTs versus RBC units, and the
underlying immunosuppression of recipients who receive
PLTs.2* Donor CG10 received RBCs in 1987, Donor CG1,
who received a transfusion in 1971, could not recall what
type of product was transfused. Although eight CG donors
reported a history of travel to Chagas-endemic countries,
there is no documented case of transimission in a traveler
who had visited an endemic Latin American country for
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less than 5 months.® It is unlikely that any of the donors
would have acguired the infection during their visits, as
only three donors visited rural areas and no donor had
visited for longer than 2 weeks. It is important to note that
Donor CG4, who was hernoculture positive, had spent less
than aweekin an endemic country and althoughthe donor
reported spending time in rural areas, the donor did not
spend the night in those areas, which is when the vector
feeds. Excludingthe fourblood donors who had traveled to
rural endemic countries for less than 2 weeks, who had
received blood products in the United States, or both
would still leave 11 CG donors whe became infected
through vector-borne transmission domestically. Perform-
ing similar calculations as described eartlier in the discus-
sion suggests that 5.5% of RIPA-positive denors would be
expected to have acquired the infection from the vector in
the United States, which would represent one case per
485,000 donatiens.

Although vector-borne transmission of Chagas
disease clearly occurs in the United States, with the fizst
documentation of such transmission dating back to the
1850s, the extent to which such infections occur has not
been established. Determining the extent of domestic
transmission would be useful in the design of blood donoer
screening algorithins that rely on screening questions to
minimize the need to test donors every time they donate
and would assist the clinical evaluation of patients who
present with nonischemic cardiormyopathy. This study
was the first to report potential epidemiclogic factors for
vector-borne exposure risk in asymptomatic chronic car-
riers who present to donate blood; however, further
detailed investigations ate needed. As T. cruzi vectors in
the United States live predominantly in a sylvatic cyele, it
was not suiprising to find that all CG donors had lived in
states with documented vectors or infected reservoirs
with 73% living in rural areas and 87% participating in
outdoor work or leisure activities in such states. The pres-
ence of mammalian reservoir species on the donor’s prop-
erty would suggest that these individuals lived in areas
with the potential for the establishment of a sylvatic or
peridomestic cycle. A limitation of this study is that when
the donors became infected cannot be determined. The
presence of a sylvatic cycle, a colonized structure, or even
an infected vector on one's current property does not
indicate that the donor was infected at that location.

Future studies are needed to determine the foci of
vector-borne transmission in the United States. This will
require the identification of infected vector, mammalian,
and human populations. Once foci are identified, risk
factors for infection can be studijed. As risk of infection
with T, cruzi likely increases with repeated exposure over
long periods of time, retrospective quantification of life-
time involvement in potential risk activities will be diffi-
cult and will limit the ability to accurately assess risk. Qur
study indicates that attention shonld he given to habitual
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activities that occur outdoors and at night in these foci as
well as investigating the housing history of each indi-
vidual. It will also be important to determine the risk of
infection from short-term travel to endemic areas in Latin
America, particularly as this could influence how blood
donors are screened for infection.
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NO EVIDENCE OF TRYPANOSOMA CRUZI INCIDENCE IN

UNITED STATES BLOOD DONORS: A 4-YEAR STUDY

Stramer L', Notari EP?, Townsend L', Custer B, Kamel H* Busch P, Dodd Y*

T American Red Cross/Scientific Support Office, Gaithersburg, MD, United States of
America ZAmerican Red Cross/Holland Laboratory, Rockville, MD, United States of
America °Blood Systems Research institute, San Francisco, CA, United States of

America *United Blood Services/Blood Systems, inc., Scottsdale, AZ, United States of
America .

Background: In 2007, the American Red Cross {ARC) and Blood Systems, inc. (BSI)
implemented universal blood donation screening for T. cruzi antibodies. Donor prev-
alepce was 1:25,000 but recipient tracing revealed only two positive recipients from
one confirmed-positive donor in over 250 tested recipients reported nationally. Based
on preliminary data on the absence of recent danor infection, the two organizations
developed an incidence Protocol (IP) that was submitted to FDA for review and con-
currence. The 1P supported FDA policy allowing selective T. cruzi antibody testing in
which a donor is qualified for all future donations by a single negative (1x) test result.
Methods: Universal testing of every donation from all presenting donors was main-
tained by four regions {three ARC + one BSI including Southern and Central California
and the states of Texas, Oklahoma, Arkansas, Mississippi and Lounisiana) for the IP,
while the remaining ARC/BSI regions converted to selective 1x testing. Sites selected
represented risk via donor travel to an endemic region or exposure in areas of the US
that harbor the parasite’s reservoirs and vectors. The IP sought target numbers of: (i)
person-years (py) of observation for the sum of all donation intervals, and (ii) the mean
duration between the first- and last-tested donation {total donation interval}. The
targets were based on a 5-year study including 5 million donor pys and a 1.9-year
mean donation interval for new donor infections (seroconverters). No more than four
seroconverting donors were allowed, with an upper 95% confidence limit of T. cruzi
incidence of 2.4 per million pys for the study sites and <1/2 million pys for all ARC/BSI
sites combined. This target rate is comparable to the current HIV and HCV residual risk
in the US. A seroconverting donor was defined as repeat reactive by the Ortho ELISA,
confirmed by a radicimmunoprecipitation assay (RIPA; Quest) and ELISA nonreactive
in a prior donation during the study period.

Results: In 4 years of study, 4.22 million allogeneic repeat donors were followed over
6.06 million pys with a mean donation interval of 1.435 years and zero observed
seroconverting donors, for an upper 95% limit for incidence of 0.061/100,000 pys (or
<1/million). Two subsets of data provided longer donation intervals: 1.696 yrs each for
allogeneic apheresis donors, and all allogeneic donors in Southern California (54-
month total including the period of Ortho investigational testing). During the 4-year
study, 22 RIPA-positive donors were identified with a prior ELISA-nonreactive
donation; seropositivity on further sampling was intermittent and none fully sero-
converted over 40-days to 4-years of follow-up; all ELISA samplefcuteff values re-
mained stable (all <2.0 with the exception of 1 isolated ¢levated value); no donor was
parasitemic by PCR or culture. All testing indicated that the 22 donors had either false
positivity or remote prior infection.

Conclusions: Based on the 4-year study and zero observed incidence, selective testing

by a single negative test result provides comparable safety to universal testing in the
Us.
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BLOOD DONORS AND BLOOD COLLECTION

- Preclinical sporadic Creutzfeldt-Jakob disease in French blood
donors: an epidemiologic model-based study

| Josiane Pillonel, Jean-Philippe Brandel, Lucie Léon, Dominique Salomon, Stéphane Haik,
Isabelle Capek, Véronique Vaillant, Joliette Coste, and Annick Alpéroviich

BACKGROUND: A recent case-control study showed
that transfusion recipients were at an Increased risk of
developing sporadic Creutzfeldt-Jakob disease (sCJD),
suggesting that blood donors with silent preclinical
sGJD could transmit the sGJD agent. We therefore esti-
mated the annual number of French blood donors
expected to have preclinical sCJD at the time of
donation.

STUDY DESIGN AND METHODS: We developed a
mathematical model to estimate the number of blood
donors who would subsequently develop sCJD, under
various assumptions about how long their blood might
be infective before clinical onset. The mode! used distri-
butions by age group and sex for sCJD cases, blood
donor population, French general population, and mor-
tality in the general population.

RESULTS: Using 1999 to 2008 data, modeling showed
that, each year, a mean of 1.1 (standard deviation [SD],
0.3) donors were within 1 year of sCJD onset at the
time of bleod donation, 6.9 (SD, 0.5) denors were within
5 years, 18.0 (SD, 0.6) were within 10 years, and 33.4
{SD, 1.1) were within 15 years.

CONCLUSION: Few donors are expected to be in the
late preclinical stage of sCJD at the time of blood dona-
tion. This result and that of the worldwide absence of
any epidemic increase in sCJD over the years indicate
that this risk of transfusion-transmitted sCJD, if any, is
likely to be very low.
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he first cases of variant Creutzfeldt-Jakoh
disease (vCJD), a human transmissible spongi-
form encephalopathy (TSE) due to the bovine
spongiform encephalopathy (BSE) agent, were
described in the United Kingdom in 1996.) The emergence
of vC]D raised concerns as to the safety of blood trans-
fusion and blood-derived products. Four cases of
transfusion-related vCJD have been diagnosed in the
United Kingdom. One patient was symptom-free and
was identified by postmortem examination.>® No cases
of transfusion-related transmission of other types of
Creutzfeldt-Jakob disease (sporadic, genetic, or iatro-
genic) have been reported. Until recently, observational
studies of sporadic CJD (sCJD) transmission by blood
transfusion had all given negative results,®® but a recent
Italian case-control study suggested a link between blood
transfusion and sCJD.1®
Since 1996, measures aimed at reducing the risk of
vCJD transmission by blood transfusion have been gradu-
ally reinforced, both in the United Kingdom and in other

ABBREVIATIONS: BSE =bovine spongiform encephalopathy;
EuroCJD = Buropean Union collaborative group on CID;

PrP = prion protein; sCJD = sporadic Creutzfeldt-Jakob disease;
TSE = transmissible spongiform encephalopathy; vC]D = variant
Creutzfeldt-Jakob disease.
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countries exposed to the BSE agent. These measures
include strict sourcing of plasma used to manufactire
clotting products, increased use of synthetic clotting
factors, leukoreduction, and in the United Kingdom,
importation of blood products from countries not
exposed to the vCJD agent. In France, those who have
lived in the United Kingdom for 1 year or more between
1980 and 1996 are deferred from blood donation. Signifi-
cant efforts have been made to develop tests capable of
detecting abnormal prion protein (PrP™E) in blood, and a
prototype assay was recently described.!

sCID accounts for approximately 80% of human cases
of TSE. It is believed that the disease occurs as a result of
spontaneous formation and accumulation in the brain of
a misfolded form (PrP™F) of the normal prion protein
(PrPY). In France, mean annual mortality from sCJD
between 1999 and 2008 was approximately 1.8 per million
inhabitants (http://www.invs.sante.fr/). Because the sur-
vival time after clinical onset is only about 6 months, mor-
tality and incidence rates are similar. sCJD is very rare
before the age of 50 years and its incidence peaks in the
70- to 79-year age group.'? Apart from age the only well-
established risk factor for sCJD is polymorphism of the
prion protein gene (PRNP) at Coden 129; homozygotes
(methionine-methionine or valine-valine at Codon
129} -are at a higher risk of sCJD than heterozygotes
(methionine-valine).?

In this study, we estimated the expected annual
number of blood donors who would subsequently
develop sCID, under various assumptions about how long
blood might be infectious before clinical enset. Genetic
and iatrogenic forms of CJD were not considered, because
there are large between-country variations in their inci-
dence. In France, individuals with a history of possible
iatrogenic exposure, or with a family history of prion
disease, are deferred from blood donation.

MATERIALS AND METHODS

The number of blood denors with subclinical sCJD at the
time of donation was estimated by using the following
data and assumptions.

Data

Annual mortality of sCJD

In Prance, all suspected cases of CJD must be notified to
the national register of human prion diseases {Réseau
national de surveillance des maladies de Creutzfeldt-
Jakob et maladies apparentées). In 1993, the French regis-
ter integrated the Furopean Union collaborative group on
CID (EuroCJD). EuroCJD surveillance methods and clas-
sifications are described in detail elsewhere.*® Data on all
deaths from probable and definite sCJD recorded in

PRECLINICAL sCJD IN BLOOD DONORS

France from January 2000 to December 2008 were
extracted from the national register of human prion dis-
eases, corresponding to a total of 959 cases. Sex, year of
death, and age at death were available for all cases.
Because survival after clinical onset of sCJD is very short,
we used the dates of death rather than the dates of
symptom onset, which tend to be less precise. The mean
annual number of sCJD deaths by age and sex was esti-
mated from 2000 to 2008 data.

Demographic and moriality dala

Demographic data on blood donors were obtained from
the French institute for public health surveillance (Institut
de Veille Sanitaire), which centralizes each year the distri-
bution of bleod donors by sex and age group (18-29, 30-39,
40-49, 50-59, 60-65 years) from the 17 regional blood
transfusion services. In France, over the study period from
1999 to 2008, subjects under 18 years and over 65 years of
age were not allowed to give blood. Based on national
population census data for 1999 and 2007, the distribution
of the general population by age group and sex was esti-
mated from data provided by the National Institute of Sta-
tistics and Economic studies, for each year from 1999 to
2008 (http:/ 'www.insee.fr). .

We also used mortality data between 1999 and 2008
by age, sex, and year of death for the general population
(hitp:/fwww.ined.fr}. Indeed, because sCID usually
occurs after age 60 years, we also considered the possibil-
ity that a person with preclinical sCJD could die from a

competing cause before symptom onset.

Main assumptions

Uncertainty as to the duration of the preclinical phase of
sCJD was a major issue. Experimental studies have pro-
vided data on the duration of silent pathologic process in
animal models but are not necessarily relevant to the
natural history of sCJD. We therefore studied scenarios in
which the incubation period was 1, 5, 10, or 15 years. Note
that the longer the incubation period, the larger the
number of infected persons who might have the abnormal
PrP in their blood and the higher the risk of death from
competing causes before clinical onset. We also assumed
that the distributicn of the PRNP polymorphism in blood
donors was similar to that of the general population and
that persons incubating sCJD were as likely as members of
the general population to donate blood, except during the
year preceding sCJD onset. We therefore assumed that a
patient who died from sCJD did not give bleod during the
year before death. Finally, we assumed that there was no
temporal trend in the frequency or epidemiologic charac-
teristics of sCJD, that is, that the annual mortality of sCJD
by age and sex did not change over time. Consequently,
mean annual mortality computed from 2000 to 2008 sCJD
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data was used as the mortality estimate for years after
2008 when we postulated incubation times of 5, 10,
and 15 years. In the same way, we assumed that there
was no temporal trend in mortality rates in the general
population and thus applied the 2008 rates to subsequent
years,

General design of the model

We estimated the expected annual number of blood
donors with preclinical sCJD by age group and sex by
using a four-stage model, based on the data described.

Stage 1

For each sex j, the number, n,; of persons of age x
incubating sCJD during year y was obtained from the
equation:

iP
. Z Sx+k.y+k.j
My = 2.

k= H(l - Tx+£,y+r.j)

=1

98]

where IP is the incubation period (1, 5, 10, or 15 years);
Siikyiey is the number of persons who died from sCID,
corresponding to age x+k, year y+k and sex J; and
Te+iy+ 45 15 the mortality rate among persons who died at
X + I years, corresponding to year y + i and sex j.

Stage 2
For a specific age group [a, b], the number of persons
incubating sCJD, diuy;. aged between a and b years at
year y and who donated blood, was

obtained from the following equa- 140 1
tion, by sex j:
120
Gasrgi = D, ”xar-fxfw @
sdadl Rasiy.s g 100
w
where By, is the number of blood g 80
donors aged between a and b years a
corresponding to year ¥ and sex j; ;
Py is the population size between 2 60+
ages a and b corresponding to year y =

. and sex ; and n,,; was obtained from 40
Equation (1).
20 1

Stage 3 0
For each of the above-defined age
groups [a, b] (18-29, 30-39, 40-43,
50-59, 60-65 years), the expected
number of blood donors with pre-
clinical sCJD at the time of blood
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donation, Ni,uy, aged between g and b years at year y, was
estimated as follows:

2
Nla.b].y = Zdta,bl..v-f' (3
=1

Stage 4

Finally, the total number of blood donors incubating sCJD
was obtained by summing up the results for the five age
groups computed at Stage 3 for each year y: '

Ny = Z Niapiy

[ableA

where A = {[18, 29], [30, 39], (40, 49], [50, 59), [60, 65}}.

RESULTS

Demographic characteristics of sCJD
From 2000 to 2008, among the suspected cases of TSE
notified to the national register, 959 cases of sCJD (556
definite and 403 probable) were diagnosed in 537 female
_ patients {56%) and 422 male patients. Mean age at death
was 69.8 years (standard deviation [SD], 9.2; median, 71
years; range, 33-91 years; Fig.l). The annual mean
number of sCJD cases was 106 (SD, 17).

Demographic characteristics of the blood

donor population

Every year, approxirnately 1.55 million persons donate
blood, representing 4.1% of the French population aged 18
to 65 years. The proportion of blood donors was similar
among men and wornen but varied with age (Fig. 2): the

L ot 1 " o

Age group

Fig. 1. Distribution of sCJD cases (definite and probable) by age at death, France, 2000
to 2008. () Female; (&) male.



proportion of blood denors was highest (5.5%) in the 18-
to 29-year age group and lowest (2.4%) in the 60- to
65-year age group.

Expected annual number of blood donors with
preclinical sCJD .

Based on cur model, each year a mean of 1.1 (SD, 0.3)
infected donors were within 1 year of sCJD clinical onset at
the time of blood donation, 6.9 (8D, 0.5) were within 5

%
0.7 q

0.6

0.5 -

0.4 - . =z

0.3 4

0.2 4

0.1 +

0.0

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

Year of donation

Fig. 2. Distribution of blood donors in the general population,
by age group and year of donation, France, 1999 to 2008.

(A) 18 to 29 years; (K} 40 to 49 years; (x) 50 to 59 years;

() 30 to 39 years; (L)) 60 to 65 years; (—) all.
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years, 18.0 (5D, 0.6) were within 10 years, and 33.4 (SD, 1.1)
were within 15 years: Figure 3 shows that the expected
annual number of blood donors with preclinical sCJD
was stable over the study period for each incubation
period.

During the period 1999 to 2008, the mean number of
donations per blood donor was 1.64 (25.4 million dona-
tions from 15.5 million donors). Using this value, the risk
that a given blood donation would be provided by a donor
with preclinical sCJD was estimated at 1 in 1,410,000 for
donations made within 1 year before sCJD onset, 1 in
225,000 for donations made within 5 years, and, respec-
tively, 1 in 86,000 and 1 in 46,500 for denations made
within 10 and 15 years of sCJD onset.

DISCUSSION

We estimated the annual number of blood donors
expected to develop clinical sCJD in the years after blood
donation. The annual number of potentially infectious
donors in the preclinical phase of sCJD ranged from 1 to
33, depending on whether blood was assumed to be
infectious only at the very end of the preclinical period
(i.e., 1 year before symptom onset) or up to 15 years
before clinical onset. Given the estimated numbers of
donors who are éxpected to be in the late preclinical
stage of sCJD (i.e., within 5 years before symptom onset)
at the time of blood donation, the theoretical risk of
infected blood donation varies between 1 per 141
million and 1 per 225,000 donations. This is the same as
other transfusion-related risks, estimated to be 1 in 1.37
million donations for human immunodeficiency virus
(H1V), 1 in 860,000 for hepatitis C virus (HCV), and 1 in
470,000 for hepatitis B virus in 1998 to 2000 in France,
before the implementation of
nucleic acid testing for HIV-1 and
HCV.M

The upper limit of the age of
French bloed donors was recently
increased from 65 to 70 years, How-
ever, the impact of this change on the
number of donors with preclinical
sCID is expected to be negligible
because, in 2010, less than 1% of
blood donors were aged 66 to 70
years.

These estimates were based cn
data from the Prench national CJD
register, which is considered to be a
high-quality register in the EurcCJD

35 1
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Fig. 3. Expected annual number of blood donors with preclinical sCJD for four incuba-

tion periods (iP), France, 1999 to 2008.

collaboration and has been evalu-
ated by the European Centre for
Disease Control. We used a simple
epidemiologic model, taking com-
peting causes of death into account.
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The model did not require unlikely assumptions. The
main issue was the supposed duration of the incubation
period.

Although experimental models are not fully relevant
to human prion diseases, experimental findings must be
considered. In a review concerning blood infectivity,
Brown and colleagues''® reported that blood infectivity
had been experimentally established for scrapie, BSE,
vCJD, and the Gerstmann-Straiissler-Scheinker syn-
drome, a human genetic form of TSE. Serial transmission
experiments in guinea pigs showed that infectivity was
present in the blood of sCJD-infected animals,”? especially
in white blood cells (WBCs). Infectivity observed in red
blood cells (RBCs), platelets, and plasma may have been
due in part to WBC contamination. It is noteworthy that
the four UK-reported transfusion-transmitted cases of
vCJD had received nonleukoreduced RBCs.

It is unclear for how long blood is infecticus before
TSE clinical onset. Based on a small number of experi-
mental transmissions, bloed infectivity was found early in
the incubation period in approximately one-third of
animals and in all animals late in the disease process.’SIn
the reported cases of vCJD transmission by blood transfu-
sion, the donors developed the first signs of vCJD within 3
years after the donation and the vCJD incubation period
in the recipients ranged between 5 and 9 years.

Alink has been observed between a history of surgery
and the risk of sCJD in some case-control studies but not
in all. Thus, in an Australian study comparing sCJD cases
and community controls, a history of surgery was associ-
ated with a significantly higher risk of sCJD, and the risk
increased with the number of surgical procedures.!®
However, this finding was not reproduced in a large Euro-
pean collaborative case-control study of similar design.!®
Arecent study from the EUROSURGYC]D Research Group,
using data from Danish and Swedish national registries,
showed significant associations between various surgical
procedures and the subsequent risk of developing sCJD.2
All but one of the published studies investigating the pos-
sible relation between transfusion and sCJD gave negative
results.®” In a large case-control study in Italy, however,
Puopolo and coworkers'® observed a significant associa-
tion between sCJD and blood transfusion 10 years or more
before sCJD clinical onset in the recipient {adjusted odds
ratio, 5.05 [1.37-18.63]).

In addition to classical biases that affect self-reported
assessment of past exposure in all case-control studies,
specific problems are encountered when collecting trans-
fusion records of sCJD patients. Transfusions received
during surgical procedures may be ignored or forgotten.
Indeed, because most sCJD patients have severe cognitive
disorders, this information is usually obtained from a rela-
tive. Another important issue is that approximately 50% of
blood recipients die within 5 years.* The Italian case-
control study concerning the association between sCJD
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and transfusion did not consider intervals of less than 10
years between transfusion and sCJD onset in the recipi-
ent.!"” Thus, case-control studies of the possible link
between transfusion and sCJD have limited reliability,
because the most appropriate approach would be to link
CID registers with those of transfusion recipients over a
long period of time.

In all countries, a large range of precautionary
measures have been introduced to safeguard the blood
supply against the risk of infectious agents. These
include deferral of subjects having particular risk factors;
blood screening for a series of transmissible agents; with-
drawal and recall of any blood components, plasma
products, and tissues obtained from individuals who
later developed a transmissible disease; and informing
recipients of blood products from a possibly infected
donor. Few of these measures are relevant for sCJD. No
blood screening test is available yet for detecting pre-
clinical sCJD. Deferral of donors having a past history
of neuro- or ophthalmologic surgery or tissue or organ
transplant, family history of prion disease or dementia,
or past treatment with human growth hormone or gona-
dotrophin reduces the potential risk of transfusion-
transmitted iatrogenic or genetic CJD, but may not
prevent collection of blood from a donor incubating
sCJID. Although studies have suggested that a past history
of surgery might be a risk factor for sCJD,!#20 jt is
unthinkable to consider deferring of all candidate donors
with a past history of surgery. So, in France only two
measures may contribute to reduce the theoretical risk of
transfusion-related sCJD. First, since 1997, in relation
with the epidemic of transfusion-transmitted HIV infec-
tion, subjects who have received a blood transfusion are
rejected for blood donation. Second, when a person sus-
pected of having sCJD reports having given blood, all
blood products that have been prepared from his or her
blood are withdrawn. In most cases, RBCs and other
labile products have already been used at the time of
the notification, and only plasma-derived products are
still circulating. In agreement with the recommendation
of the French National Ethical Committee (http://
www.ccne-ethique.fr), recipients are informed only when
the risk of transfusion-transmitted infection is estab-
lished (as for vCJD}) and not when the risk is theoretical

" {as for sCJD). So, among the measures aiming to reduce

the risk of transfusion-transmitted infecticn, very few are
efficient for reducing the theoretical risk of transfusion-
transmitted sCJD agent.

On the other hand, sCJD is not an emerging disease.
Certainly, hundreds of thousands of persons have received
blood {mainly nonleukoreduced) from sCJD-incubating
donors, The worldwide absence of any epidemic increase
of sCJD over a very long period of time is reassuring and
indicates that blood infectivity in sCJD, if any, is likely to
be very low.
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long incubation periods are still appearing. The principal
sources of these oufbreaks are confaminated growth
hormone (226 cases) and dura mater grafis (228 cases)
derived from human cadavers with undiagnosed CJD
infections; a small number of additional cases are caused
by neurosurgical instrument contamination, comeal grafts,
gonadotrophic hermone, and secendary infection with
variant CJD transmitted by transfusion of blood products.
No new sources of disease have heen idenfified, and
current practices, which combine improved recognition of
potentially infected persons with new disinfection methods
for fragile surgical instruments and biological products,
should continue to minimize the risk for {atrogenic disease
until a blood screening test for the detection of preclinical
infection is validated for human use.

St



SYNCPSIS

he first case of what would eventually become a’

major outbreak of ijatrogenic Creutzfeldt-Takob
disease (CID) was reported in 1974; the patient had
received a corneal fransplant from an infected cadaver ().
In the years that followed, other sources of infection were
identified: stereotactic electroencephalogram electrodes,
neurosurgical instruments, cadaveric dura mater and
pituitary glands, and, most recently, secondary variant
CID (vCID) bloed products. The ensemble of iatrogenic
cases, including a bibliography of primary references, was
last reviewed in 2006 (2). Today, after neatly 40 years of
surveillance, the chronology and essential characteristics
of iatrogenic CJD have been finalized, and the purpose
of this article is to present these data along with a few
brief comments about factors that determined the risk
for infection and how future risks might be foreseen and
avoided.

By far the most common sources of iatrogenic disease
were human cadavers from which pifuitary hormones
and dura mater grafts were obtained (Table 1; Figure);
the other major variety of environmentally acquired
disease is vCID. The incidence curves of human growth
hormene-associated and dura mater—associated CID are
almost superimposable; a broad peak occurred in the mid-
to-late 1990s, just ahead of the sharper peak incidence of
vCJID in the United Kingdom at the turn of the cenhury.
The incidence in other countries peaked a few years later,

in 2004, as a result of the delayed appearance of bovine
spongiform encephalopathy in those counfries.

The iong incubation periods—yecars to decades—
of these low-dose infections pose a particularly diffieult
problem for public health officials, whose recommendations
may diminish the number of new cases but are impotent
when it comes to preventing cases in already-infected
persons in the preclinical phase of disease. It is worth
remembering that the early recogniifon of iatrogenic
sources of CID was entirely because of a few remarkably
astute neurologists, neurosurgeons, and, astonishingly, a
pediatric endocrinologist who pursned the unlikely (and
unpopular) diagnosis of CID in a growth hormone recipient
(3). It is true that some of these connections had the benefit
of comparatively short intervals between the infecting
events and the onset of CID. It is especially fortunate
from the standpoint of early recognition of the dura mater
association that the interval of 19 months between the
operation and onset of syraptoms in the first case-patient
was among the shortest on record for this form ofiatrogenic
CID (Table 2).

Human Growth Hormone

The current worldwide total of growth hormone—
associated cases of CID is 226, Most cases occurred in
France (119 cases/1,880 recipients; attack rate 6.3%), the
United Kingdom (65 cases/1,800 recipients; attack rate

Table 1. Global distribution of cases of iatrogenic Creutzieldi-Jakob disease®

Source of Infeclion and no. cases

Surglcal procedure

Medical procedurg

BDura mater Surgical EEG Cormeal Growth Packed red
Country grafts instruments  needles _fransplantst hormenef: Gonadetropin blood cells§
Argentina 1 B .
Australia 5 4
Austria 3 1
Brazil 2
Canada 4
Croalia 1
France 13 1 118
Germany 10 1
retand 1
Italy a
Japan 142
Netherlands 5 2
New Zealand 2 6
South Korea 2
Qatar 1.
South Africa 1
Spain 14
Switzerand 3 2
Thalland 1
United Kingdom B 3 65 3
United Stetes 4 1 29
Total 228 4 2 2 226 4 3

*EEG, electroencephalagram.”

TAdditional possible single cases after comeal transplant or keraloplasty (not included in table) in Japan, United Kingdorn, and United States.

FHuman grawth hormaena given In Brazil and New Zealand was prepared (n the United Stafes; that given in Qatarwas peepared in Franes. Additional
possible single cases with human growth hormene as sourca {not included in table} occumed In Sweden, Australia, and New Zealand.

§An additional asymplomaic but infected red-cell reclplent died of an unrelated iliness; another asymptomatic Infected hemophilia pat]ent whe had been
exposed fo pelentially contaminated factor VIII also died of an unrelated lliness {nelther is included in the table).
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Flgure. Annual incidence of variant Creutzfeldt-Jakob disease
{vCJD) caused by ingeston of meat products confaminated with
bovine spongiform encephaltopathy agent (A) and iatrogenic CJD
caused by conteminated dura mater (B) and cadaveric human growth
hormone (C), 1962-2011. White bars in panel A represent cases
from outside the United Kingdom, which were delayed in paraliel with
the later appearance of bovine spongiform encephalopathy oufside
the Upited Kingdom (not a second wave resulfing from codon 129
genotype differences). Two patlens are excluded: 1 presymptomatic
patient from the United States who received human growth hormone
and died of an Intercurrent lliness and 1 dura mater recipient from the
United Kingdom with disease onset In 1978.

3.6%), and the United States (29 cases/7,700 recipients;
attack rate 0.4%). '

In France, further epidemiologic observations have
revealed that all 119 cases occurred within a 1,170-patient
cohort receiving treatment during a 20-month period, from
December 1983 through July 1985, when there seems
" 1o have been substantial contamination resulting from
" sourcing and processing deficiencies. According to these
numbers, the attack rate for the at-risk cohort in France
increases to 10.2%. No new case has been identified since
2008, In the United Kingdom, no cohort pattern is evident,
and cases continue to occur at an average rate of about 2
peryear {only 1in 2011). Inthe United States, CID has not
accurred in any patient who starfed treatment after 1977,
when a highly selective column chromatography step was
introduced into the purification protocol. Bince 2003, only
2 new cases have been identified (1 in 2007 and 1 in 2009).
An estimated 22,700 patients received freatment before
1977, so the atiack rate in the United States for this at-
risk cchort increasas to 1.1% (). The revised attack rates
therefore become 10.2% in France, 3.6% in the United
Kingdom, and 1.1% in the United States.

Emerging Infectious Diseases » www.cdc.govieid = Vol, 18, No. 8, June 2012

latrogenic Creutzieldt-Jakob Disease

The methionine (M)/valine polymorphism at codon
129 of the PRNP gene has been examined in populations
with and without CJD in many countries; results have
varied {Table 3), Overall, it is clear that the M allele bestows
substantial susceptibility to the sporadic and the iatrogenic
forms of CID; in consequence, the proportion of persons
with MM homozygous genotype is overrepresented in both
categories of disease (the sole exception occurred in UK
growth hormone recipients, which led to speculation that
a different strain of the pathogenic agent might have been
disseminated} (Z0). It is also clear that, as a group, persons
with heterozygous genotype had longer incubation periods
than did those with homozygous genotype, particularly in
France. Notwithstanding this sfatistical conclusion, it is
noteworthy that several persons with MM homozygous
genotype had incubation periods >30 years, including a
patient with recently diagnosed CJD, whose incubation
period was 42 years, the current world record for any type

" of iatrogenic disease.

Incubation periods for the total case population (not just
those examined for the codon 129 genotype) ranged from 5
to 42 years (mean 17 years), based on the interval between
the midpoint date of what was almost always a multiyear
period of treatment and the onset of CJD symptoms; the
actual date of infection is impossible to determine. Mean
inenbation periods for cages in the United States and New
Zealand (patients received hormone made in the United
States) were 22 and 26 years; United Kingdom, 20 years;
and France, 13 years. The shorter incubation periods in
France could have resulted partly from the narrower limit
for the date of infection in France and are in accord with the
mean incubeifon period of 13.5 years in the 4 gonadotropin
recipients from Australia, for whom theré is an even more
precise date of infection. However, a greater contribution
probably came from different infectious doses received by
patients in the different couniries. Among all patients, the
clinical features were distinctive in that, unlike sporadic
CID, signs and symptoms alimost never included dementia,
which, if it occurred at all, was typically a late component
of the clinical course.

Dura Mater

The worldwide tally of dura mater—associated cases is
228, and new cases still continue to occur here and there,
the most recent being individual cases in Austria, South
Korea, and the Netherlands in 2011. If the pharmaceutical
mdustey (incontrast to povernment-sponsored laboratories)
comes away from the growth hormone story with an almost
untainted racord—only 1 case has been atiributed to
industrially prepared hormone (//)—the same cannot be
said about the private sector producing dura mater grafis,
The source of almost all infections was a manufacturer in
Germarty, B. Braun Melsungen AG, which has a worldwide

203



SYNOPSIS

Table 2. Incubation periods and clinical preseniations of iatrogenic Creutzfeldt-Jakob disease, according to source of infection*

Source of Infection No. cases Mean incubation petiod, v (ange} Clinical signst

Dura mater graft 228 12 {1.3-30) Cerebellar, visual, dementia
Neurosurgical Instruments 4 14 (1-2.3) Visual, dementia, cerebellar
Stereotactic EEG needles 2 13,17 Dementia, cerebellar

Comeal transplant 2 1.5, 27 Dementia, cerebellar

Growth hormone 228 17 (542} Cerebellar

Gonadotropin 4 13.5 {12—-16) Cerebellar

Packed red blood calls§ 3 6.5,7.8,8.3 Psychiatric, sensory, dementia, cerebellar

*EEG, electroencephalogram.
tin order of decreasing frequency.

FAverages and ranges were 13 (5-24) y In France; 20 (7-38) y In the Unlfed Kingdor; and 22 (10-42) ¥ I the Unlted States.
§An additional asymplomatic but infected red-cell reciplent dled of an unrelated liiness; anether asymptomatic infected hemophilia patiant who had been
exposed o potentially contaminated faclor VIl also dled of an unrelated illness (neither Is included in the table),

distribution network, and the incidence of CID appears to
have more or less paralleled the frequency with which this
source of dura mater was used. In Japan, it is estimated
that as many as 20,000 patches may have been used each
year, and the 142 cases in that country constitute two thirds
of the global total, Nevertheless, the overall attack rate in
the at-risk patiest population in Japan is <0.03%. For the
entire {(worldwide) group of dura mater—recipient patients,
incubation periods ranged from 1.3 fo 30 years {(mean 12
years), and, exceptin Japan, the clinical and neuropathologic
featires were similar to those of sporadic CID. In Japan,
approximately one third of the cases had atypical features
(slow progression, noncharacteristic electroencephalogram
tracings, plaque deposition, and an atypical prion protein
molecular signature on Western blots), which suggested
the possibility of 2 different strains of infecting agent
{12,13). One patient had florid plaques and a pulvinar sign
on magnetic resonance imaging, mimicking vCID (5).

Evaluation of the influence of the codon 129 genotype
is complicated by the fact that the population in Japan,
among whom most cases occurred, has a high frequency
of the M allele (>90%), which dominated sporadic and
dura mater—associated forms of CID (Table 3) (6-9,14,15).
Among the cases in persons not from Japan, the distribution
of genotypes approximated that found among patients with
sporadic CJD, and, as with growth hormone-associated
cases, incubation periods were somewhat longer for persons
with heterozygous than with homozygous genotypes.

Current Prevention Strategies

The best way to abolish secondary iairogenic infections
is, obviously, to prevent primary infections, but without
a test to identify infected but asymptomatic persons, we

cannot entirely eliminate the risk inherent in human-to-

human tissue transfer. We are therefore obliged to rely on
the default strategies of 1) identification and donor deferral
of persons at higher than normal risk-for CJD development
and 2) inclusion of prion-reduction steps in the sterilization
of penetrating instruments and the processing of therapeutic
tissues and flnids,

904

Delineation of high-risk categories initially focused
on precisely those groups of persons who were exposed
to the kmown sources of iatrogenic disease: recipients of
cadaveric dura mater grafls or pituitary-derived hormones.
When vCJID started to occur, restrictions were also placed
on donor time of residence in the most heavily infected
regions—the United Kingdom and, to a lesser extent,
continental Europe—and embargocs were placed on the
importation of biclogical products from these regions.
These deferral and import restrictions remain in place
today and need some thoughtful reevaluation in view of
the near extinction of all such sources of iatrogenic CID.
In the United States, there have been only 4 cases of dura
mater-associated disease (the most recent in 2005) and no
case of growth hormone—associated CID for anyone who
began freatment after 1977.

On the other hand, the possibility of iatrogenic
infection resulting from transfer of tissues or fluids from
persons who have confracted a prion disease from animalg
has not disappeared with the abating epidemics of bovine
spongiform encephalopathy and vCID. A few persons
who may be experiencing a long incubation phase of
vCID still pose an obvious danger in the United Kingdom.,.
but an underappreciated potential danger lies in 2 other
animal disecases: scrapie and chronic wasting disease
(CWD). Although scrapie-infected sheep tissues have
been consumed for long enough (hundreds of years) to be
considered harmless for humans, the same cannot be said
about the atypical strains of scrapie that are begimning to
displace the typical strains and with which we do not yet
have enough experience to evaluate human pathogenicity.
Similarly, we cannot declare with certainty that CWD
poses no threat to humans, and CWD is continuing its
unchecked spread across the United States and Canada with
no guarantee that it will not become globally distributed
in the years to come. One hunter has already put a group
of unwitting persons at risk for infection by donating a
deer, later found to have CWD, for consumption at a nural
banquet in New York State (16); more such exposures are
lkely to occur as CWD continues its geographic expansion.

Emerging Infectious Diseases » www.cde.govieid » Vol 18, No. 6, June 2012
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Table 3. Comparisen of FRAP codon 129 genofype frequencies and incubation periods in growth hormone— and dura mater—

associated cases of iatrogenic CJD*

Category MM . W Homozygotes Heterozygoles
Population
Healthy Caucasian, %T 40 10 50 50
European, with sporadic CJD, % 67 17 84 16
Healthy Japaness, % 92 0 02 . 8
Japanese, with sporadic CdD, (%) 97 1 98 2
Infection source
Growth hormone
France (111) :
Genolype frequency, % 54 15 a9 . 31
Incubation pertod, y . 12 9 11 17
United Kingdom {28}
Genofype frequency, % 4 50 54 46
Incubation period, y 21 18 20 23
United States (11)
Ganotype frequency, % 58 18 73 27
Incubation period, y . 21 18 .20 23
Combined total (150)
Genotype frequency, % ' 45 22 67 33
Incubation period, ¥y 13 12 13 17
Dura mater : .
Japan {54)% '
Genotype frequency, % ) 96 1] * 886 4
Incubation period, ¥ . 18 .NA 16 .13
Countries other than Japan (54)§
Genotype frequency, % 65 15 80 20
Incubation period, y i2 12 12 6
Combined total (108)
Genotype frequency, % 81 7 88 12
Incubation period, v 14 12 14 16

*CJD, Creutzfeldt-Jakob disease; M, methlonine, V, valine; NA, not applicable, All values are rounded to the nearest whole number,

tBased on several large-scale population studies (5-8).

trersonal communication from M. Yamama, Department ¢f Neurology, Kanazawa Universify Hospital, Kanazawa, Japan.
§Cases from France (11), Spaln (11), Germany (10), Italy (8}, the Nethedands (5}, and 1 or 2 cases from each of & other countries with Caucasian

~ poputations,

Future Prevention Strategies

The issue of reduicing risk by taking steps 1o inactivate
prions is always a work in progress as nmew therapeutic
products come into production and new methods to
inactivate prions are discovered. The tried-and-true
laboratory method of prion sterilization (1-hour exposures
to either undiluied bleach or 1 N sodium hydroxide
followed by steam autoclaving at 3 atmospheres pressure
for 20 minutes) is applicable only to nopfragile instruments
and not at all to lving tissues. The sorprising resistance of
dura mater to 0.1 N sodium hydroxide (I7) and of growth
hormone to 6 M urea (/8) led to thejr incorporation into
processing protocols before being replaced by nondural
tissue or synthetic patches and recombinant hormone. To
reduce infectivity, blood, blood products, and other fluids
can be subjected to nanofiltration and prion-affinity ligands
(19-22), which shouid also be applicable to other biological
products, farexample, vaccine and stem cell cultures, should
they be susceptible to infection (23). Fragile instruments
such as endoscopes and electrodes remain a challenge, but
new and gentler methods— alkaline cleaning solutions,
phenolics, and gaseous hydrogen peroxide—have proven
harmless to instruments and give a high, if not always
complete, degree of prion inactivation (24-26).
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The ongoing refinement of a quaking-induced
conversion detection of the misfolded prion protein holds
the best prospect of evolving into a sensitive and practical
tool, but it has yet to be validated in blind testing of
plasma from symptomatic patients or in presymptomatic
perspns, even more rigorous but necessary (27,28). It
mey be necessary fo use scrapie-infected animals for
presymplomatic validation because only 1 group of
humans could furnish appropriate samples—asymptomatic
carriers of CID-inducing mutations—and putting togefher
and testing a reasonable number of such samples wil] take
years to accomplish.

The total numbers of cases for the 2 major causes
of iatrogenic CYD during the past 40 years (226 gyowth
hormeone cases and 228 dura mater cases) are amazingly
close and are likely to remain so after the few additional
long-incubating cases finally surface in the next few years.
The combination of appropriate blood donor defermals
and the incorporation of tissue, fluid, and instrument
infectivity—reduction steps should continue to hold the
sowces of potential jafrogenic disease to a minimum
until such time as a practical screening test for inapparent
infection is validated for human use.
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PO-249: Estimation of variant Creutzfeldi-Jakob
disease infectivity titers in human blood

l.uisa Gregari, Hong Yang, Steven Anderson

FOA; Rockville, MD USA

Blood of individuals with variant Creurzfelde-Jakob disease
{vCJD) is infectious but the titer is unknown. Current estimates
of possible vCJD infectivity titers in blood have largely relied on
an assumption thar the titers of vCJD agent in human blood are
likely to be similar to those in blood of rodents infected with
model transmissible spongiform encephalopathy (TSE) agenss,
assayed by intracerebral (i.c.) inoculations of rodents of the same
species,

We analyzed published descriptions of experimental transfu-
sion-transmitted (T'T) bovine spongiform encephalopathy (BSE)
and scrapie in sheep and reports of TTvCJD in humans, applying
statistical approaches to estimate the probable number of intrave-
nous infectious deses (IDiv) per unit of transfused blood (IDiv/
unit),! The combined data for sheep with scrapie and BSE were
stratified into 4 groups based on the elapsed fraction of the IP
of the donar sheep ar time of blood donarien,? These observa-
tions suggest that not every blood unit drawn from an infected
sheep transmitted infectivity when transfused, Analogously, data
from transfusions in humans also suggest that not all recipients
of NLR-RBCs from donors with vCJD became infected. For
humans, IDiv/unit of non-leukoreduced red blood cells (INLR-
RBCs) were estimated by two statistical models using data from
UK Transfusion Medicine Epidemiology Review. Model 1 rep-
resents 2 snapshot of the current sicuation and doees not include
potential asymptomatic infections among the living recipients.
Model 2 assumed that the 3 clinical TT¥CJD cases reposted in
the Transfusion Medicine Epidemiological Review? study rep-
resent NLR-RBCs recipients who mer 3 criteria: (1) they were
infected; (2) they were of the MM genotype; (3) they had sur-
vived long enough to exceed the minimum incubation period of
vCID,

Sheep blood collected at or near onser of clinical illness con-
rained a mean of 0.80 IDiv/univ. Estimates of infectivicy in
NLR-RBCs from donots incubating vCJD indicated a probable
mean infectivicy of .29 IDiv/unit (model 1} and 0.75 IDiv/unic
(model 2). The analysis predicted a mean of 21 vC]D-infected
recipients expected in 2 cohore of 27 transfused with vCJD-
implicated NLR-RBCs in the United Kingdom {UX).

Qur analysis suggested that, while less than one IDiv is likely
to be present in 2 given unit of NLR-RBCs collected from 2 donor

B incubating vCJD, there is = high probability of TT infection

: wwwlandesbioscience.com
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among recipients of vC]D-implicated blood components. The
analysis supports continuing measures currently recommended
to reduce the risk of TTvC]D.

Disclaimer. The fndings and. conclusions in this presenta-
tion have not been formally disseminated by the Food and Drug
Administration and should not be construed to represent any

. Agency determination or policy.
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PO-250: Degradation of abnormal prion proiein
by a hyper-stable protease
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Background. The abnormal prion protein (PrP*) which is a pro-
tease resistant isoform of normal prion protein (PsPC), thoughe
to be an infectious agent of transmissible spongiform encepha-
lopathies (TSE). Decontamination of PxP> from clinica! equip-
ment is important issue to avoid jatrogenic transmission of prion
diseases. Several reagents or physical procedures afe available o
inactivate PrP* but they cannot apply to some equipment such as
endoscope. In this work, we focus hyper-stable protease, Thk-SP,
which will have enzymatic activity under protein-denaturing
conditions and degrade PrP%.

Methods, TkSP isolated from the hyperthermophile
Thermococeus kodakarensis was overproduced in E coli. The
enzymatic activity of Tk-SP with detergents and EDTA was mea-
sured. PrP% (Chandler strain and Obihiro steein) accumulated
in scrapie infected-mouse brain homogenate was degraded with
Tk-SP, and detecied by western-blot analysis.

Results and Conclusion. Tk-SP is able to maintain its proteo-
tysic activity in the presence of detergents and EDTA. We opti-
mized the condition which Tk-SP works efficiently. Furthermore,
we revealed thae the Tk-SP can degrade PeP* 1o a level undetece
able by western-blot analysis. The results mean that TSP can
be developed as a detergent additive to decrease the secondary
infection risk of TSE.

x¢

PO-251: Validation of a risk assessment madel
of variant Creutzfeldt-Jakob disease (VCJD)
ransmission via red celi transfusion

Hong Yang, Luisa Gregori, David Asher, Pedro Piccardo,
Steven Anderson

" U5 Food and Drug Adrministration; Rockvifle, MD USA

As of November 2011, 222 primary vCJD cases have been
reported worldwide. Most were acquired in the United Kingdom
(UK). vCJD is wansmissible by blood transfusion; to date,
there have been a total of four probable vCJD transmissions
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by non-leukoreduced red bload cells in the UK. We developed
3 risk assessment modeling approach to estimate the porential
risk of eransfusion-transmitted vCJD (TTvCID) chrough red cell
transfusion. The approach was validated by generating predic-
tions from two separate models that used country-specific data
on blood collection and transfusion for the UK and France and
comparing them to the reported numbers of TTvCJD cases in
each country.

The model integrated input values for factoss such as potential
vCJD prevalence amang the populations, number of blood dona-
tions and of red blood cell transfusions, transmissibility of the
disease, and susceptibility of recipients. vCJD prevalence in the
UK population is a major input used in the model. It was used
to derive the vCJD prevalence in France. Because this inpur is
bighly uneertain, the model was stratified by alow estimate of 1.7
asymptomatic vC]D infections per million UK population (95%
CI: 0.2-3.7 cases per miilion) derived from a study of epidemio-

logical modeling {Garke and Ghani, 2010} and a high estimate

279 vCJD infections per million population (95% Cl: 72485
infections per million) derived from tissue surveillance studies
(Hilton et al. 2004, Bennet and Draktchiev 2011). The model
also estimated the potential number of TIvCID infections thac
might lead to clinical cases by including adjustments for disease
incubasion period and post-transfusion survival rate, Finally, the
model prediciions for numbers of cumulative TTCID clinical
cases in the UK and France from 1980 to the curtent year were
compared with the number of observed cases in these two coun-
uries for model validation. :

Predictions of TTvC]D risk were highly dependent upon the
prevalence assumptions used in the models. Using the lower prev-
alence assumption the model predicred only a few TTeCJD cases
in the UK and zero cases in France since 1980. These predic-
tions were consistent with the reports of clinical TTvCJD cases
in the UK (3 cases} and France (zcro cases). Using the higher
prevalence assumption, the predicred number of infections and
cases were much higher, The model also predicted the number of
asymptomatic infections was more than 10 times higher than the
predicted number clinical cases, which implied approximately
90% of infected recipients would have died of other causes before
showing overt signs of vCJD.

True vC]D prevalence in the UK is the major data gap causing
uncertainty in estimating TTvCID risk. However, validation of
the model suggested the greatest consistency between results from
the lower prevalence estimate and reported cases. In the future,
this model will be applied to estimaring the risk of TIvCJD in
the US and the effectiveness of current safery interventions.

Prion

P0O-252: Comparative studies addressing the blood-
related transmtgsibility of transmissible spongiform
encephalopathies (TSE) In murine fransgenic models

Oksana Yakovleva,! Karel Holada,2 Paula Saa,
Carroll McKenzle,) Jorge De Castra,' Trina Vasilyava;! Paul
Brown,? Jean Manson,? Larisa Cervenakova'

American Red Cross Holland Laboratory; Rockvile, MD USA ¥First Faculty of
Medicine, Charles University; Prague, Czech Republic; *CEA Institute of Emerging
Diseases and Innovativa Therapies; Fontenay-aux-Rose, France; ¢The Roslin nstitute,
University of Edinburgh and R(D)SVS; Easter Bush, Midlothian, Scotfand, UK

Introduction. Tatrogenic infections of variant CJD (vCJD) apd
sporadic CJD (sCJD) through blood-related transmission are
still under serutiny. In our earlier studies we demonstrated infec-
tivity in buffy coat and plasma of vCJD-infected conventional
mice during the incubation period and ar the clinica] stage of the
disease. Later, we repofted on failure to transmit the disease after
intracerebral (i.c.) injeccions of TgRM mice with plasma from
clinically iil TgRM smice infected with vCJD. We aimed to inves-
tigare whether this failure to transmic vCJD could be attribured
to the TSE strain or to an inability of the host, TgRM mouse, to
propagate the agent cusside of the central nervous system due to
the absence of PrPC in blood. To addtress the first possibility; we
inocufated TgRM mice with pooled plasma collected from sick
sCJD-infecred TgRM mice. To address the second possibility,
we cornpared expression of PrPC in blood cells and plasma from
TgRM mice and knock-in HuMM and HuVV mice.

Materials and Methods. TgRM mice expressing human PrP
(PRNP M129, a brain PPC level 4-fold higher than in wild-
type mice) were injected Le. with 30 pl of 1% and 0.1% sCJD
(MI129M, Type 1 and 2) brain homogenates (WHO sample
RU99-009 supplied by the NIBSC, UK). Blood was collected
into anticoagulant from uninoculated and sick mice (positive for
PrPres in the brain) between 165-217 d after inoculation, and
separated into plasma and cellular components and frozen. On
the day of the experiment, thawed plasma was pooled and diluted
4-fold with sterile saline. Groups of TgRM mice were injected
either i.c. with 30 pl or iv. with 100 pl of sCJD-detived or con-
ol plasma, Animals are under surveillance with no clinical
signs of TSE after 200 d following inoculation. The transgenic
HuMM and HuVV mice were described clsewhere,! PxPC was
examined in healthy TgRM, HuMM and HuVV mice on blood
cells by FACS and/or by western blot and in plasma by sandwich
ELISA.Results. The HuMM and HuV'V mice expressed sigpifi-
cantly higher levels of PrPC on lymphocytes and RBCs but not
on platelets than TgRM mice and HuVV express higher levels
than HuMM. The plasma levels of PrPC followed the same pat-
tern. In addition to the ongoing transmission study in TgRM
mice, studies are underway to establish whether vCJD and sCJD
are rransmissible by blood in HuMM and HuVV mice.

Concluston. Comprehensive characterization of PrPC distri-
bution in blood and lymphoreticular compartments of genetically
manipulated mice may allow the generation of a better model to

study iatrogenic transmission of TSEs by blood, and for studies
of disease pathogenesis.
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Draft Guidance for Industry: Amendment to
“Guidance for Industry: Revised Preventive
Measures to Reduce the Possible Risk of Transmission
of Creutzfeldt-Jakob Disease and Variant Creutzfeldt-
Jakob Disease by Blood and Blood Products”

DRAFT GUIDANCE

This guidance document is for comment purposes only.

Submit one set of either electronic or written comments on this draft guidance by the date
provided in the Federal: Register notice announcing the availability of the draft guidance.
Submit elecironic comments to htip://www.regulations.gov. Submit writlen comments to the
Division of Dockets Management (HFA-305), Food and Drug Administration, 5630 Fishers
Lane, Rm. 1061, Rockville, MD 20852, You should identify all comments with the docket
number Hsted in the notice of availability that publishes in the Federal Register.

Additional copies of this guidance are available from the Office of Communication, Outreach
and Development (OCOD), (HFM-40), 1401 Rockville Pike, Suite 200N, Rockville, MD 20852-
1448, or by calling 1-800-835-4709 or 301-827-1800, or e-mail ocod@fda hhs.gov, or from the
Internet at http:/www.regnlations gov, or
http:/fwww.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guida

nces/default.htm.

For questions on the content of this guidance, contact OCOD at the phone numbers.or e-mail
address listed above,

U.S. Department of Health and Human Services
Food and Drug Administration

Center for Biologics Evaluation and Research
June 2012
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Guidance for Industry

Draft Guidance for Industry: Amendment {o “Guidance for
Industry: Revised Preventive Measures to Reduce the Possible Risk
of Transmission of Creutzfeldt-Jakob Disease and Variant
Creutzfeldt-Jakob Disease by Blood and Blood Products”

..... o —— .

and Drug Administration’s

(FDA’s} current thinking on this topic. It does not create or confer any righis for or on any
person and does not operate to bind FDA or the public. You can use an alternative approach if’
the approach satisfies the requirements of the applicable statutes and regulations. If you want

| to discuss an alternative approach, contact the appropriate FDA staff. If you cannot identify |

the appropriate FDA staff, page of this guidance.

call the appropriate number listed on the title

I. ~ INTRODUCTION

This draft guidance is intended to amend the puidance entitled “Guidance for Industry: Revised
Preventive Measurgs to Reduce the Possible Risk of Transmissjon of Creutzfeldt-Jakob Disease
{CID) and Variant Creutzfeldt-Takob Disease (vCID) by Blood and Blood Produets,” dated May
2010 (2010 CID/VCID guidance)(May 27, 2010)," by revising the recormmendations for labeling of
plasma-derived products, including albumin and products containing plasma-derived albumin, to
reflect current understanding of ¥CJD transmission through blood. When finalized, we will update
the 2010 CID/vCID guidance by incorporating the revised labeling recommendations into the 2010
CID/vCID puidance, but will otherwise continue with our recommendations in the 2010 CID/~CID
guidance as currently provided.

This guidance is intended for manufacturers of plasma-derived products, including albumin, and
products containing plasma-derived albumin, Within this guidance, “you” refers to
manufacturers and “we” refers to FDA.

FDA's guidance documents, including this guidance, do not establish legally enforceable
responsibilities. Instead, guidances describe FDA’s current thinking on a topic and should be
viewed only as recommendations, nnless specific regulatory or statutory requirements are cited.
The use of the word should in FDA’s gnidances means that something is suggested or
recommended, but not required.

! This guidance is available at: hitp:/www. fda.gov/BiologicsBlood Vaccines/Guidance
ComplianceRegulatoryinformation/Guidances/Blood/defaul{. him.
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1I. BACKGROUND

CiD and vCID are two fonns of transmissible spongiform encephalopathy (TSE) affecting
humans.? The Center for Biologics Evaluation and Research (CBER) first provided guidance for
labeling of biood and blood products for CID risk in November 1999, prior to reports of vCID
transmission by blood or plasma. We have continued to issue guidance on this topic as we
continue to monitor epidemiological findings and other scientific data regarding CID and vCID,
Since that time, four cases of presumed vCJD transmission by non-leukoreduced blood have
oceurred in the United Kingdom (UK.). All of these were among recipients of blood from
donors who later developed vCID. In 2009, abnormal prion protein was discovered post mortem
in the spleen tissue of a person with hemophilia® with no symptoms of vCID or other
neurological condition. The patient, who was over 70 years old, died of other causes. This
individual had received blood transfusions and large amounts of U.X. plasma-derived Factor
VIIL. A risk assessment performed by UK. health authorities concluded that, assuming that the
abnormal prion protein finding was a marker for asymptomatic vCJD infection, the most likely
source of such an infection was plasma-derived Factor VIII, rather than d1etary exposure,
endoscopy procedures, or red blood cell transfusions.* (\}

In the 2010 CID/VCID guidance, in section VIL.B., we recommended revised labeling of blood
and blood components for transfusion to address the possible risk of transmission of vCJD as a
potential risk. At that time, we also said that FDA intends to further address labeling of plasma
derived products, including plasma derived albumin and products containing plasma derived
albumin, in future recommendations. We now recommend revisions to labeling for plasma
derivatives, including albumin, and products containing plasma-derived albumin, to reflect
curtent knowledge that vCJID has been transmitted by blood, and most likely by a plasma
derivative,

At this time, plasma derivatives have not been implicated in vCJD transmission in any country

. other than the U.X. In the 2010 CID/vCJD guidance, we recommended preventive blood donor

deferrals for time spent in the U.K. and in Europe, and for other risks of Bovine Spongiform

Encephalopathy or vCJD exposure. To date, no U.S.-licensed plasma derived products have been
manufactured from a donor known to have developed vCID and no cases of vCID been reported

from use of a U.S.-licensed plasma derivative. In addition, published studies and information

submitted to FDA show that certain plasma derivative manufacturing steps can remove TSE m
infectivity, although such experiments have inherent limitations (Refs. 1-3). However, based on o
animal studies, as well as on FDA risk assessments, the possibility of vCJD transmission by a

U.S.-licensed plasma derivative, while extremely small, cannot be absolutely ruled out. For

these reasons, the recommendations for labeling for plasma derivatives will include mention of

vCID for the first time, and the potential risk for its transmission. The recommended elements of

2 For the purposes of this document, FDA considers the less common TSEs, Gerstmann-Steliussler-Scheinker
syndrome and fatal insomnia syndromes, to be equivalent in risk to familial and sporadic CID.
3Variant CID and Plasma Products, Health Protection Agency (HPA), UK,

hitp://www.hpa.org uk/web/HP Aweb&HP AwebStandard/HPAweb C/1195733818681.
4 vCID Risk Assessment Calculations for a Patient with Multiple Routes of Exposure, HPA, Dept, of Health, UK,

hitp:/iwww,dh.gov.uk/prod consum di/groups/dh_digimlasseis/documents/digitalasset/dh 100337.pdf.
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the warning label for CJD are unchanged and continue to describe ifs transmission as a
theoretical risk, given that there is no confirmed evidence that CJD is transmiited by blood
(Refs. 4-7). : _

Similarly, we are recommending revisions to the labeling for plasma-derived albumin and
products containing plasma-derived albumin. In addition to its indications for direct infusion
into patients, albumin may be nsed in the manufacture of other biological products. For
example, it is used in the culture media of certain licensed vaccines or as a stabilizer in certain
recombinant clotting factor products. Licensed albumin and albumin contained in other licensed
products have never been known to transmit viruses, CJD or vCJD, and laboratory experimental
evidence suggests albumin is less likely to contain CID-like agents when compared with other
fractionated products (Refs. 8-10). There is no epidemiological evidence for iransmission of
CJD or vCID in the U.S., UK., or elsewhere by products containing plasma-derived albumin.
Therefore, our recommendations for revised waming statements for vCJD risk for plasma-
derived albumin and products containing plasma-derived albumin contain additional language to
reflect the extremely low likelihood of vCID and CID transmission through these products,

In October 2010, we sought the advice of the Transmissibie Spongiform Encephalopathies
Advisory Committee (TSEAC) on our proposed labeling recommendations to reflect potential risk of -
vCID in plasma-derived products. TSEAC agreed unanimously that labeling for the potential
risk of vCID is warranted for plasma derivatives, including albumin and products containing
albumin (Ref. 11).

When finalized, the recommendations set forth below are intended to supersede the
recommendations in FDA’s 2010 CID/vCJID guidance at section VII.B (recommendations 2-4),

Il. RECOMMENDATIONS

We recommend that you revise the statement in the Warnings and Precautions section of your
labeling as follows:

Plasma-derived products Other than Albumin

“Because this product is made from human blood, it may carry a risk of transimitting infectious
agents, e.g., viruses, the variant Creutzfeldt-Jakob disease (vCID) agent and, theoretically, the
Crentzfeldt-Jakob disease (CID) agent.” :

Plasma-derived Albumin

“Albumin is a derivative of human blood. Based on effective donor screening and product
manufacturing processes, it carries an extremely remote risk for transmission of viral diseases and =~
variant Creutzfeldt-Jakob disease (vCJD). There is a theoretical risk for transmission of Creutzfeldt-
Jakob disease (CJD), but if that risk actually exists, the risk of tfransmission would also be considered
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extremely remote. No cases of transmission of viral diseases, CID, or vCID have ever been
identified for licensed albumin,”

Products Containing Plasma-derived Albumin

“This product contains albumin, a derivative of human blood. Based on effective donor
screening and product manufacturing processes, it carries an extremely remote risk for
transmission of viral diseases and variant Creutzfeldt-Jakob disease (vCJD). There is a
theoretical risk for transmission of Creutzfeldt-Takob disease (CID), but if that risk actually
exists, the risk of transmission would also be considered extremely remote. No cases of
transmission of viral diseases, CID, or vCJID have ever been identified for licensed albumin or
_ albumin contained in other licensed products.”
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Legionnaires’ disease outbreak in Stoke-on-Trent

Public and environmental health experts in the West Midlands are continuing to investigate a
legionnaires' disease outbreak at Stoke-on-Trent after identifying the probable source as a hot fub on
display in a steore in the town. Appropriate confrel measure have now heen put in place. As at

10 August, the number of confirmed cases associated with the outbreak was 21, including two fatal
cases.

In the meantime, the Health and Safety Executive (HSE), having reviewed significant outbreaks in
Great Britain over the past 10 years [2], has issued a safety notice reminding operators of cooling
towers and evapoerative condensers — the most common source of such events — of the need for
effective and consistent monitoring of water quality and the importance of responsibiiities being
assigned to named individuals with proper management oversight of such facilities [3].

References
1. “Media updaie on legionnaires’ disease in Stoke-on-Trent", HPA press notice, 3 August 2012.

2. Legionella outbreaks and HSE investigaﬂdns; an analysis of contributory factors (Health and Safety
Laboratory report HEX/12/07), HSE website:
http://Mmww.hse.gov.ukiresearch/hs|_pdff2012/hex1207.pdf.

3. Management of the risks from legionella in cooling towers and evaporative condensers (27 July),
HSE website: hitp:/iwww.hse.gov.uk/safetybulletins/coolingtowers.htm.

Summary results of the second national survey of abnormal prion prevalence
in archived appendix specimens

In April 2008, the Spongiform Encephalopathy Advisory Committee (SEAC) considered available
prevalence data for varlant Creutzfeldi-Jakob Dissase (vCJD) in the British population and advised
that a second appendix survey, using the same approach as a previous appendix tissue survey [1] on
samples from the 1941 to 1985 birth cohort, be undertaken to further refine the estimate for the
prevalence of subclinical infection [2]. The second unlinked anonymous survey of the prevalence of
abnormal prion protein in archived appendix lissues has now been completed and this summary
provides an update to the interim results published in September 2011 [3,4].

The survey examined appendices by immunchistochemistry from operations conducted between
2000 and 2012 and collected from 41 hospitals throughout England. Abnormal prion accumulation
was detected within the follicular dendritic cells of 16 appendices out of 32,441 suitable samples
examined. None of the positive appendices have come from the 176 known vCJD cases in the UK. In

. line with the interim findings, the final overal! prevalence estimate, 493 per million (95% Confidence
Interval (CI): 282 fo 801 per million}, remained statistically consistent with results from the earlier
appendix survey (237 per million, 95%CI 49 o 692 per miilion) which examined samples from
operations performed between 1895 and 1999 [1]. The prevalence estimates by birth cohort were 733
per million (95% CI: 269 to 1596 per million) i those born between 1941 and 1960 and 412 per
million (85% CI: 198 to 758 per million) in those born between 1961 and 1983: these resulis were also
in line with the interim findings [3,4].

The survey was conducted by a collaboration of the HPA, the Department of Neurodegenerative
Diseases at the UCL Institute of Neurology, the Animal Health and Veterinary Laboratories Agency,
the National Creutzfeldt-Jakob Disease Research and Surveillance Unit, the Histopathology
Department of Derriford Hospital in Plymouth, and the MRC Prion Unit.

The final survey resuits have been considered by the Transmissible Spongiform Encephalopathies
Risk Assessment Sub-Group of the Advisory Commitiee on Dangerous Pathogens, the successorfo
SEAC [5]. In summary, the estimated pravalence range largely overlaps that from the first survey, but
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is narrower with a higher central estimate (around 1 in 2000 compared with around 1 in 4000). The
new survey also demonstrates the presence of prion protein across a wider birth cohort than
previously.

The hypothesis that the prevalence of abnormal prions found in both appendix surveys to date is
linked to the epidemic of BSE in cattle in Britain can be tested directly by studying further appendix
samples archived prior fo the BSE outbreak and samples from those bom in 1996 or later by which
time measures had been put in place to protect the food chain [5].
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