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Determinant Roles of Environmental Contamination
and Noncompliance with Standard Precautions

in the Risk of Hepatitis C Virus Transmission

in a Hemodialysis Unit

Philippe Lesprit,' Latifa Tkoub-Scheirlinck,' Sophan Soing-Altrach,' Florence Cizeau,' Celine Cavin,' Martine André,?
Djamel Dahmanne,’ Philippe Lang,’ and Jean-Michel Pawlotsky?
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and *Nephrofogy Ward, Henri Mondor Hospital, Assistance Publique—Hdpitaux de Paris, Université Paris 12, Créteil, France

Background. Nosocomial transmission is the second most frequent cause of hepatitis C virus (HCV) infection.
A prospective observational study was conducted to assess the roles of environmental contamination and non-
compliance with standard precautions in HCV cross-transmission in a hemodialysis unit,

Methods. Patients undergoing chronic hemodialysis in a French university hospital unit were systematically
screened, revealing 2 sporadic cases of HCV transmission. An investigation was launched to determine whether
the patients were infected in the hemodialysis unit and the possible roles of environmental contamination and
noncompliance with standard precautions. We examined possible relationships among new cases of HCV infection,
environmental contamination by blood and HCV RNA, and compliance with guidelines on hand hygiene and
glove use. )

Results. Two patients experienced seroconversion to HCV during the study period. Phylogenetic analyses
showed that 1 of these patients was infected with the same strain as that affecting a chronically infected patient
also treated in the unit. Of 740 environmental surface samples, 82 (11%) contained hemoglobin; 6 (7%) of those
contained HCV RNA. The rate of compliance with hand hygiene was 37% (95% confidence interval, 35%-39%),
and gloves were immediately removed after patient care in 33% {(95% confidence interval, 29%-37%) of cases. A
low ratio of nurses to patients and poor hand hygiene were independent predictors of the presence of hemoglobin
on environmental surfaces,

Conclusion. Blood-contaminated surfaces may be a source of HCV cross-transmission in a hemodialysis unit.
Strict compliance with hand hygiene and glove use and strict organization of care procedures are needed to reduce

the risk of HCV cross-transmission among patients undergoing hemodialysis.

Hepatitis C virus (HCV) infection is a major health
problem. Worldwide, >170 million individuals carry the
virus, and the infection becomes chronic in ~80% of
adult cases. Approximately 20% of patients with
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chronic HCV infection develop cirrhosis, and the in-
cidence of hepatocellular carcinoma is 4%—5% per year
in cirrhotic patients [1].

HCYV is principally, if not exclusively, transmitted by
blood. Historically, the 2 main routes of transmission
have been blood transfusion and injection drug use.
Since the implementation, in the United States and

‘Europe, of blood-donor screening with highly sensitive

EIAs for anti-HCV antibodies and minipool testing for
HCV RNA, the incidence of transfusion-transmitted
hepatitis C has decreased to ~1 case per 2 million trans-
fused blood units [2, 3]. In France, 30004000 new
cases of HCV infection still occur every year [4]. Ap-
proximately two-thirds of these cases are related to in-
jection drug use, but nosocomial transmission is the
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second most common source of HCV infection. Most cases of
HCV transmission in the hospital setting are attributable to
patient-to-patient transmission through invasive procedures,
such as insertion of an intravascular catheter, colonoscopy,
sharing of dialysis ecjuipment, surgery, and sharing of multidose
vials [5-11].

The prevalence of HCV infection is high among patients

who undergo hemodialysis, because of both contaminated
transfusions before the early 1990s and nosocomial transmis-
sion. Several outbreaks and sporadic cases of nosocomial HCV
or hepatitis B virus transmission in dialysis units have been
linked to poor disinfection of dialysis equipment and to poor
compliance with standard infection-control measures {9, 12—
18]. However, the exact route and mechanism of transmission
were unknown in most cases. Here, we examined the intricate
roles of noncompliance with standard precautions, environ--
mental contamination, and low nurse-to-patient ratio in cross-
transmission of HCV within a dialysis unit.

PATIENTS AND METHODS

Setting and patients. Henri Moridor University Hospital has
a 9-bed hemodialysis unit that mainly treats patients with
chronic renal failure. A case of HCV seroconversion was de-
tected by systematic screening during the study period. The
study period was defined as the interval between the probable
date of infection and the discovery of the index case—that is,
January—September 2004. Patients’ medical files were exhaus-
tively reviewed to eliminate a potential external source of HCV
transmission. None of the health care personnel was known to
be infected with- HCV. No systematic screening of personnel
~ was undertaken. No isolation policy was implemented in the
_unit. Multidose vials were not in use in the unit.

All patients who undergo regular hemodialysis are screened
for anti-HCV antibodies every 3 months, in an effort to detect
seroconversion. On 27 July 2004, a case of HCV seroconversion
was detected through this screening. To determine whether this
case was sporadic or part of an outbreak, all 52 patients with
chronic renal failure who were undergoing regular hemodialysis
in the unit were tested for anti-HCV antibodies and HCV RNA,
as were all patients treated for acute renal failure in the unit
during the at-risk period. Six (12%) of the 52 patients (patients
3-8) were known to be chronically infected with. HCV, with
HCV RNA levels ranging from 4.4 to >6.9 log,, IU/mL at the

time of the study. All but 1 of these patients were to known.

to have been infected for several years (e.g., patient 3 has been
infected since 2001). A second patient undergoing hemodialysis
was found to be HCV RNA positive through culture of a blood
sample obtained in July 2004 (tests for anti-HCV antibodies
were negative), and an investigation was then launched.
Virological studies and phylogenetic analyses. Anti-HCV
antibodies were detected with a third-generation EIA (Vitros

ECi; Ortho-Clinical Diagnostics). We tested for HCV RNA in
all patients’ blood and in hemoglobin-positive surface swab
eluates through use of a sensitive RT-PCR assay (Amplicor
HCV, version 2.0; Roche Molecular Systems), with a detection
limit of 50 IU/mL.

To estimate the genetic relatedness of HCV strains, 2 HCV
genomic regions were PCR amplified and sequenced, including
a 328-base pair portion of the nonstructural 5B (NS5B) coding
region (nucleotide positions 8271-8597) and the 81-base pair
region coding for hypervariable region 1 (HVR1) of the E2
envelope glycoprotein.[19]. HCV genotyping was based on phy-
logenetic analysis of NS5B sequences, which included prototype
sequences of various subtypes of HCV genotypes 1-6. The ge-
netic relatedness of HCV strains was studied by phylogenetic
analysis of both the NS5B and HVRI1 regions. Sequences were
aligned with ClustalW software [20). Phylogenetic relationships
were deduced with the DNADIST-NEIGHBOR module of the
Phylogeny Interference Package, version 3.5 [21]. For neighbor-
joining analysis, a distance matrix was calculated using a Ki-
mura 2-parameter distance matrix with a transition/transver-
sion ratio of 4.0. Trees were drawn with TREVIEW or
NJ-Plotprograms {22]. Their robustness was assessed by boot-
strap analysis of 1000 replicates with the SEQBOOT module
of the Phylogeny Interference Package program.

The index patient (patient 1) experienced HCV seroconver-
sion in July 2004. The second case of HCV seroconversion
during the study period (patient 2) was identified by systematic
screening for HCV RNA. To determine whether chronically
infected patients were the source of the new cases, the sequénces
of 2 HCV genomic regions, including a portion of the NS5B
coding sequence and the sequence coding for HVR1, were com-
pared among the 8 infected patients‘; relative to reference se-
quences. Phylogenetic analyses of the NS5B region (figure 1) ;
and the HVRI (figure 2) showed that newly infected patient 2
was infected with the same HCV genotype 1 strain as was
chronically infected patient 3. In contrast, patient 1 was infected
with an HCV genotype 3a strain that was unrelated to.the
strains infecting the other 6 chronically infected patients (all
infected with genotype 1). Despite the proximity of the HCV
strains from patients 4-8 in the NS5B phylogenetic tree (figure
1), HVRI analysis showed that those patients were infected
with unrelated strains (figure 2). '

Thus, 2 patients were infected during the at-risk period, 1
of whom (patient 2) was infected with the same strain as was
a chronically infected patient (patient 3). The other newly in-
fected patient (patient 1) was infected with a genotype 3a strain,
which could have been acquired either from a patient occa-
sionally treated in the dialysis unit or from an external source.

Risk factors of HCV transmission. Potential risk factors of
HCYV transmission were hypothesized—namely, contamination
of dialysis equipment (through machine sharing and inadequate
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Figure 1. Phylogenetic tree plotted with nonstructural 58 sequences

(nucleotide positions 8271-8597) from the 2 patients recently infected in
our hemodialysis. unit (patients 1 and 2; shaded boxes), the 6 patients
known to be chronically infected with hepatitis C virus (HCV} and regularly
treated in our hemodialysis unit {patients 3-8; unshaded boxes), and
reference HCV strains of different genotypes (the type and subtype are
indicated just before the strain identification tetters and/or numbers). Two
samples were available and were included in the analysis for patient 2,
*July 2004; **September 2004. Nucleotide sequence of the nonstructural
58 gene of HCV-ED43 was used as an outgroup root.

environmental disinfection), noncompliance with standard pre-
cautions, and variation of the nurse-to-patient ratio in the he-
modialysis unit. _

The use and maintenance of dialysis equipment was reviewed
by the local infection control team according to the written
local procedures that are based on published data and rec:
ommendations. Dialyzers were not being reused, and dialysis
machines (AK100; Gambro) were disinfected after each session,
according to a written protocol combining chemical (peroxy-

acetic acid [Dialox]) and sodium hypochlorite) and heat
disinfection.

Surfaces at risk of contamination with infected blood were
defined as the most frequently manipulated surfaces—including
dialysis machines, shared waste carts, patients’ removable tables,
and work benches. At-risk surfaces were swabbed during di-
alysis sessions (30 swabs per day on 25 consecutive days) on a
surface area of ~100 cm?, by using a cotton swab moistened
with sterile distilled water that was then eluted in 1 mL of
sterile distilled water. Hemoglobin was detected with reagent
strips (Hemastix; Bayer HealthCare) with a detection limit of
150 pg Hb/L—that is, the equivalent of 5 erythrocytes per
microliter. All hemoglobin-positive samples were tested for
HCV RNA {23, 24].

Compliance with standard precautions (hand hygiene and
glove use) was studied in the dialysis unit each day for three
30-min periods—during the morning, afternoon, and night
shifts—for 7 weeks (2 weeks during September 2004 imme-
diately after the first case alert and 5 weeks during June—July
2005). All staff categories were studied, in an open, unobtrusive
manner, by 5 specially trained members of the infection control
team, with use of a standardized questionnaire [25]. Hand hy-
giene opportunities tailored to the care activities in the he-
modialysis unit were listed in the questionnaire (i.e., before and

16 HVR3312

Figure 2. Phylogenetic tree plotted with hypervariable region (HVR) 1
sequences from the 6 patients known to be chronically infected with
hepatitis C virus (HCV) and regularly treated in our hemodialysis unit
{patients 3-8), including the patient who transmitted HCV to patient 2
{i.e., patient 3), the 2 patients infected in our hemodialysis unit {patients
1 and 2), the 5 environment surfaces that tested positive for HCV RNA
and that could be PCR amplified in that region {$1-S5), and reference
HCV strains of different genotypes (the type and subtype are indicated
just before the strain identification letters and/or numbers). Dates of
sampling are shown in parentheses.
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after central venous catheter or fistula handling; preparation of
material, connection, disconnection, dressing, and manipula-
tion of lines and before and after direct contact with a patient;
handling of other invasive devices, if present; measurement of

temperature; measurement of arterial pressure; etc.). The han-

dling of catheter and fistula were considered to be activities
with high risk of HCV transmission. Overall, 2382 opportu-
nities were observed during 197 shifts, with a total of 98 h of
observation.

Glove use was observed during the same periods as was hand
hygiene. For each care activity, the following variables were
collected on the same standardized questionnaire as that used
for hand hygiene: type of contact, wearing gloves during con-
tact, and glove removal immediately after contact. Wearing
gloves is recommended in the unit when exposure to body
fluids is anticipated.

With consideration that the nurse-to-patient ratio (including
. nurses and nurse assistants) may influence the risk of HCV

transmission, the ratio was recorded during each observation
- period, and the average nurse-to-patient ratio per shift (morn-
ing, afternoon, and night) was determined by calculating the
median ratio for all the relevant observation periods. Hand
hygiene compliance was also calculated for each of the 3 shifts.
Statistical analysis. Percentages and 95% Cls were calcu-
lated. The x? test or Fisher’s exact test was used, as appropriate,
to compare proportions. The Mann-Whitney nonparametric
test was used to compare continuous variables. Each potential
risk factor for environmental hemoglobin contamination (i.e.,
nurse-to-patient ratio anid-hand hygiene compliance) was tested
in a univariate model, and results were then entered in a logistic
regression model. Variables were not dichotomized. To take into
account the interdependence of observations made during the
same shift, we used robust estimates of variance (generalized
estimating .equations) in which each shift observation was in-
cluded as a cluster. Goodness of fit was assessed using the
Hosmer-Lemeshow x? test, and discrimination was determined
from the area under the receiver 6peratiq’g characteristics curve.
Accuracy was considered to be good when the area under the
receiver operating characteristics curve had a range of 0.70-
0.80 and was considered to be excellent when it was >0.80. The
adjusted OR and 95% CI were calculated for each factor that
was statistically significant in the logistic regression model. P
values <.05 were considered to be statistically significant. All
tests. were. 2 tailed. Statistical tests were performed using In-
tercooled Stata software, version 8.2 (Stata).

RESULTS

Virological study of e’nﬁfonmental surfaces. A total of 740

surface samples were collected in the dialysis unit during June-
August 2005, comprising 663 (90%) from dialysis machines

and 77 (10%) from other surfaces (table 1). Hemoglobin was
found in 82 samples (11%), including 71 (10%) from surfaces
where blood was not evident. Among the 25 hemoglobin-pos-
itive samples collected from dialysis machines, 5 had been ob-
tained after external disinfection of the machine. Six (7%) of
the 82 hemoglobin-positive samples contained detectable levels
of HCV RNA, comprising 4 samples taken from a dialysis ma-
chine and 2 from a shared waste cart (table 1). The HVR1-
coding region could be PCR-amplified and sequenced in 5 of
these 6 samples, designated S1-S5. These sequences were com-
pared with HVRI sequences recovered from patients 1-8 during
the at-risk period (except for patient 5, in whom HVRI1 could
not be amplified) and also from patient 3 at the time of surface
sampling (figure 2). As shown in figure 2, phylogenetic analysis
revealed that all sequences found in environmental samples
were closely related to those isolated from patient 2 when he
was infected in 2004 and to those from patient 3, from whom
samples were obtained both in 2004 and in 2005. Note also in
figure 2 the very slow genetic evolution of the HVRI in patient
3 (only 4 nucleotide substitutions accumulated in 14 months;
data not shown), probably because of hemodialysis-associated
immune suppression. Interestingly, the same HCV strain was
isolated from 2 environmental samples taken at a 6-h interval
from the same machine that had been used to treat 2 different
patients.

Assessment of practices.
for machine use and internal disinfection was adequate. Mul-
tidose vials were never shared between patients. The finding
that patients 2 and 3, who were infected with closely related
HCV strains (figures 1 and 2), had always undergone dialysis
during the same sessions but had never shared the same ma-
chine strongly suggested that patient 2 had been infected by
patient 3 via the hands of a health care worker.

Compliance with standard precautions during the investi-
gation is shown in figure 3. Overall, 2382 opportunities for
hand hygiene were observed (2358 [99%)] for nurses; 24 {1%]

Compliance with local precautions

Table 1. Environmental samples containing hemoglobin and/
or hepatitis C virus (HCV) RNA.

Positive
No. of samples, no. (%)
Sample site samples Hemogiobin HCV RNA

NOTE. HCV RNA-positive findings are percentages of the number of
hemoglobin-positive samples.
* Including nursing preparation area, wheelchairs, and patient file cart.
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Figure 3. Compliance with guidelines for heaith care worker hand hygiene and appropriate glove use during dialysis. At-risk care activities consisted

of handfing dialysis catheters or fistulas. Whiskers, 95% Cls.

for nurse assistants). Immediately after the infection alert (Sep-
tember 2004), compliance with hand hygiene immediately be-
fore handling a dialysis catheter or fistula was significantly
higher (P<.001) than it was several months later (figure 3).
Globally, gloves were worn in 857 (36%) of observed contacts
with a patient or the environment. When worn, gloves were
removed immediately after a contact in only 672 (34.1%) of
cases (95% CI, 30.5%—37.8%). There was no statistically sign-
ficant difference between the findings of the 2 periods of ob-
servation. As shown in table 2, a low nurse-to-patient ratio and
a poor rate of hand hygiene compliance were independently
associated with the detection of hemoglobin on environmental

surfaces.

DISCUSSION

Several reports of nosocomial HCV transmission in the he-
modialysis setting have been published, but the investigations
were incomplete and the routes of transmission remained un-
clear [13, 17, 18, 26]. Allander et al. [26] reported nosocomial
HCV transmission in a series of patients who underwent di-
alysis at the same time but who did not share dialysis equip-
ment. Those authors postulated, but did not show, that the
environment was contaminated. Compliance with standard
precautions was not studied.

To our knowledge, ours is the first study to demonstrate that
a low nurse-to-patient ratio and poor compliance with guide-
lines for hand hygiene and glove use are independent predictors
of environmental contamination by blood and HCV. By com-
bining genetic and phylogenetic analyses of HCV recovered
from patients’ blood and the environment with measurements
of compliance with standard precautions, we showed that: (1)

2 sporadic cases of HCV transmission occurred in the dialysis
unit during the study period, 1 of which was unequivocally
due to patient-to-patient transmission within the unit; (2) the
dialysis environment was frequently contaminated by blood,
including HCV-infected patients’ blood, as shown by the de-
tection of hemoglobin, sometimes associated with detectable
levels of HCV RNA in a substantial proportion of swabs; and
(3) compliance with guidelines for hand hygiene and glove use
during patient care was poor, raising the possibility of HCV
transmission via the hands of health care workers. Interestingly,
all HCV-infected blood found in environmental samples be-
longed to the patient who indirectly infected another patient
undergoing dialysis.

In our study, hemoglobin was found in 11% of environ-
mental samples, and 7% of those positive samples contained
detectable HCV RNA. Hepatitis B virus transmission has been
linked to the presence of the virus on environmental surfaces—
in the absence of visible blood [27]. Hepatitis B virus has been
reported to remain viable on environmental surfaces for at least
7 days at room temperature [28, 29]. HCV RNA has been
shown to be resistant for at least 48 h on inert surfaces at room
temperature [24, 30, 31]. A robust cell culture system for HCV
was recently developed, but it cannot be infected with viruses
other than those produced after cell culture transfection of a
specific HCV clone {32-34]. Cell culture systems that can be
directly infected by HCV-infected patients’ blood will be needed
to determine how long HCV remains infective in the environ-
ment. Even in the absence of such data, our results strongly
suggest that infectious HCV is present in the dialysis environ-
ment and that HCV can be transmitted by the hands of health
care workers, We did not, however, sample health care workers’
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Table 2 Factors independently associated with environmental blood contamination during nursing shifts.

Univariate analysis of environmental

hemoglobin, by daily shifts

Muiltivariate analysis

Hemoglobin found
(n = 28)

Variable

Hemoglobin not found

(n = 14) OR (95% CI) P

Nurse-to-patient ratio, mean x SD

NOTE. Performance of the model, HosmerlLemeshow goodness-of-fit; P = .386 ; area under receiver operating characteristics curve,
0.768.

gloved or ungloved hands during care activities, because this
would have hindered the assessment of compliance with stan-
dard precautions by increasing the Hawthorne effect.

The rate of compliance with standard precautions in our
study was similar to that reported elsewhere about a similar
setting [35, 36]. A recent survey of hand hygiene practices in
9 Spanish hemodialysis units showed poor compliance, both
before and after contact with patients (14% and 36%, respec-
tively) [36].

Permanent glove use can impair compliance with hand hy-
giene [37] and may thus lead to cross-transmission of infectious
agents. This is the first time that glove use and removal have
been studied in relation to the risk of environmental contam-
ination. Gloves are worn mainly for health care worker self-
_protection, rather than to prevent patient cross-infection. The
recommendation that gloves always be worn in the hemodi-
alysis setting, whatever the type of contact (environment or
patient) [38], therefore, may be confusing and may expose
patients to HCV transmission if not followed properly, with
systematic glove removal and hand hygiene between care
procedures.

We found that a nurse-to-patient ratio <0.60 was indepen-
dently associated with hemoglobin contamination of environ-
mental surfaces. Understaffing is a recognized major risk factor
for nosocomial infection {39—41]. Recently, a Brazilian study
of 22 dialysis centers showed that the number of patients per
health care worker was independently related to the risk of
hepatitis B virus infection [16]. Petrosillo et al. [42] showed,
in a prospective multicenter study in Italian hemodialysis units,
that a low staff-to-patient ratio is an independent predictor of
the risk of HCV nosocomial transmission. Therefore, to limit
the spread of blood in the dialysis environment, we recommend
that at-risk care procedures, such as connection and discon-
nection of equipment to the patient, be performed by a pair
of nurses: one working with the patient and the other working
with the machine.

In_ conclusion, blood-contaminated surfaces may represent
a source of HCV transmission, via health care workers’ hands
or gloves. Environmental contamination is mainly a conse-
quence of poor adherence to standard precautions in the he-
modialysis setting. Strict adherence to guidelines for hand hy-

giene and glove use and strict organization of care procedures,
with an adequate nurse-to-patient ratio, should help to reduce
the risk of environmental contamination and, thus, HCV trans-
mission in patients undergoing dialysis.
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Abstract.

The aim of this work was to study the prevalence of hepatitis E virus (HEV) and the risk factors for the .

acquisition of the virus in a population in contact with swine and unexposed to swine. A total of 198 individuals, 97
unexposed (49%) and 101 exposed (51%) to swine, were tested for the presence of HEV infection. The prevalence of
anti-HEV IgG-in the exposed group was 18.8% versus 4.1% in the unexposed to swine group. People exposed-to swine -
" were observed to-be 5.4'times (P = 0.03) at risk of having anti-HEV IgG. Ten (52. 6%) of the IgG-positive individuals .
showed twe concomitant risk factors: untreated water consumptxon and exposure to swine. These data support that HEV
infection should .be - treated as a vocational illness.in swine workers. Therefore, systematrc application of hyglene s

measures in this eollectwe is hrghly recommended to avoid the exposmon to this virus.

Hepatms E virus: (HEV) is the main causative: agent of
enterically transmitted non-A . non-B hepatitis and self-
limiting cllmcal presentation in humans.! It is a non:

enveloped v1ru§ with-a’ posrtlve-sense smgle~stranded RNA;_

: genome of - ~7;200 nucleotides in length and contains three
open reading frames (ORFs) Nowadays, HEV is classified
into the famxly Hepeviridae, genus Hepévzrus Regardmg the
phylogeny, HEV has been divided into. four genotypes;? al-
.though only one’ ‘sefotype of - HEV i is: recogmzed 3 Transmis-
;- .sion of HEV infection primarily: Gecurs through contaminated

’because of .poo] ' condmons in drmkmg water.* The

" mortality.rate ¢ hepatxtxs Einthe normal‘population is gen-

erally <1%, butiit can’ be as hlgh as 20-25% among pregnant
_ women :

and 97 (49%) womer, were included in this. study to dett
the prevalence of HEV. Participants ﬁlle’d out an eprde n
logic questionnaire i mcludmg name, dge,’area of residen

' .'vegetables raw shellfish, and untreated: water. Informed- ap-\

-~ viduals in¢luded in the E group were made up of swing farm
person. . to- person tran§nuss10n and sexual -

L transmlssron odtur;infrequently. - :
Hepatms ‘E has beer oonsldered an mfectlous endemrc in -
-such-as. India, Africa, and Southeast Asxa _

" In mdustnahied countnes HEV has been found mamly in

mdlviduals who: had traveled to ehdemxc zones. Actually, the =~ .

increasing: number of autochthonous cases of hepatitis E>and
the recent ﬁndmgs of HEV in domestlc animals such as swine

.. give rise to the suspicion that HEV is underdetected in idio--

.+ pathic nop-A’ non-B. hepatltls. Therefore the transmission .
~ - pathways from animals. to humans remiain obscure. However; . - -
‘in devéloped countries, seroprevalence ranges varying from

.1-18% have been reponed In tlre last years, several studies

- have been published descnbmg differences in the prevalenice
of anti-HEV antibodiés betwéen people eXposed and not ex- "~
posed to swine,®*2 but the risk factors for. the acquxsrtron of -

o ’the virus have not been studied.':

" Accordingly, the aim of this’ work was to study the preva- -

lence of HEV and the risk factors for the ‘acquisition of the
-virus in healthy Spamsh people dxstnbuted in exposed and

" unexposed to swine groups: . :
A retrospective study was 'camed ut to determme the

- prevalence of HEV durmg the penodrﬁ'om October 2004 to - A
) facturer as 92% and 88%, respectnvely Posmve results ob-* -

July 2007 in ‘Spain, - . :
A total number of 198 he thy d

als 101 (51%) men :
‘ : L unmunoblot test (Recomblot HEVIgG/[gM Mikrogen Mar-,
- tinsried; Germarny). Antigens used in this: kit weré. the N-.

' group was: made up of volunteers wrth ¢ contact wrth swine. :

‘transcnptase—nested polymdrase chal
These pnmers were based on-18 human HEV sequences andf
the swine HEV prototype strain from the United $tates. A:
- positive control from a naturally infected-pig (GenBank ac-’
cession number AY323506) was included in éach prcceduie. o
" Different stages of assay were performed in different places
" to ‘ayoid the posslblhty of. eross«:ontammatlon The PCR; ‘
_products were’ separated by, electroplioresis. in:2%: agarose. ..

proval was obtained from all participants. Indxvxduals were:
divided into two separate groups taking into consxderatr n

exposition to swine: 97 unexposed (NE 27 mern and_
women) and 101 exposed (E; 74 mén and, 27 women) I

ers,.pig handlers, and swine vetennanans, wheréas the N

and were detectéd by staJmng with ethidium bronude

* Sera from all. mdnviduals were . tested for the presence of
HEV antibodies (antl HEV IgG and; IgM) using a commer—;
cial ELISA" (Fortress Dragnostxes Antnm UK) accordmg to’

travel abroad, exposure to swine, arid consumption’ of raw

reaction (PCR). 4

- ‘the manufacturer ] mstructxons This kit used polystyrene mi- .-

* Address correspondence to M: T, Péiez-Gracia, Departamento de .~

Atencrén Sanitaria, Salud Pubhea 'y Sanidad Agimal, Facultad de
Ciencias Expenmentales Y ‘de 1a Salud, Universidad CEU Cardenal
- Hetrera, Avenida Séminario- sln 461l
E.-mall tcresa@uch cetke:

“Moncada, Valencia, Spam _

1012

‘crowell strips precoated thh recombinant HEV.. antxgens-
(HEV-Ag) oorrespondmg 10 structural proteins ORF2, de-
-rived from genotype1. “The sensmvrty and specificity of the:

ELISA: assay usein “this study were determined by the manu-; - .

tained uSmg this ‘assay-were confirmed by meafis of an HEV.: -

terminal part ‘of the ‘capsid antigen (GST fusion: protein

O2N, 50 kd), the C-terminal part of the capsid antigen (tfiple .
band; O2C 38-41-kd), the middle part of the capsid antigen: -
-(O2M; 28 kd), and the ORF3 protem (03 15 kd) bf geno—tf .

typesland2 )
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Liver function tests, including transaminase levels (aspar-
tate aminotransferase [ALT] and alanine aminotransferase
[AST}) in serum were deteérmined using a Thermo Spectronic
spectrophotometer (Helios, Barcelona, Spain).

To determine the correlation between the data obtamed
from the questionnaire and the laboratory results, odds ratios
(ORs) and their corresponding 95% confidence intervals
(Cls) were calculated using binary logistic regression analysis
by means of SPSS version 15.0 statistical software. For the
statistical comparison of the seroprevalence obtained in the E
and NE groups, the Pearson et test and Student ¢ test were
applied.

All individuals tested negatlve for the presence of HEV
RNA: in serum. The overall prevalence of anti-HEV IgG con-

firmed by immunoblotting was 11.6% (23/198). The sero- |

prevalence of anti- HEV IgG in the E group and in NE group
was 18.8% (19/101) and 4.1% (4/97), respectively (Table 1).
Values of transaminase enzymes.were located within the
normal range (ALT: men < 45.1U/L, women < 36 TU/L; AST:
< 34 IU/L for men'and women) i in"all individuals. No signif-
icant differences in the levels of. transammases were observed
between the anti-HEV IgG-positive, group (ALT: 22 + 14;
AST: 12 % 7.5) and the anti-HEV IgG-negative group (ALT:
15 + 12.2; AST: 11 + 6.8). The ‘statistical analysis showed a
significant association (P - < 005) between the presence of
anti-HEV IgG and the consumption of untreated water with
an OR value of 5.6 (P = 0: 01), Additionally, people exposed
to swine were observed-to'be 5.4 times (P. = 0.03) at risk of
having anti-HEV 1gG antibodiés. Ten (52.6%) of the IgG-
_posmve mdxvnduals showed two .concomitant risk factors:
untreated -water consumption and exposure to . swine. The
x* goodness-of-fit test showed: a .good fit with-the observed
and expected frequencies in the-E and NE groups OF = 104,
P = 0.01) and consumption of untreated water OF = 129,
=.0.01). No significant dxﬁerences were observed between
the rest of the study parameters,
This is the first study in Spam reporting the prevalence of
IgG anti-HEV- antibodies in swine workers (18.8%) and in

people unexposed to swine (4.1%). The increased risk (54
times at risk) of having IgG anti-HEV observed in swine
workers in this work is not surpnsmg, taking into account the
high number of farms (76%) and pigs (23%) testing positive
for HEV RNA in the same area.'* This datum is higher than
the OR (1.46) reported by Meng and others® in 2002 in the
only study that calculated the risk for a veterinarian to be
positive for IgG anti-HEV. The fact that the values of trans-
aminases were similar between positive and negative indi-
viduals suggests that HEV might be responsible for subclini-
cal infections, because none of the participants reported any
past clinical signs of acute hepatitis. The factors triggering the
development of an acute or a subclinical hepatitis E infection
remain obscure in industrialized countries. Some authors
point to several contnbutmg factors such as age,!’ pre-
existing hepatopathy,'6 and the genotype of the strain.! ]

It has been reported for autochthonous hepatitis E in de-
veloped regions that swine isolates from genotype 3 are more
related to human strains from the same geographic region
than to swine strains from different areas. Moreover, HEV
strains cxrculatmg in Spanish swine farms are highly homolo-
gous with Spanish human strains, which raises the possibility -
of HEV transmission from swine to humans.# HEV has been
suggested to.be a zoonotic infection where pigs play an im-
portant role in the spreadmg of the diséase. HEV i is capable
of crossing the species barrier, as has beein shown by means.of
experimental infections in pigs with a human HEV strain and
in non-human primates with a swine HEV strain !,

The results obtained in this study support.the link between
the presence of anti-HEV antibodies and direct. contact with
swine, as reported by several authors. Thus, in the United
States,* significant prevalences between veterinarians work-
ing with swine (26% and 10.9%, respectively) and unexposed
people (18% and 2.4%, respectively) were reported. Similar
results were described in The Netherlands, Moldova, and Tai-
wan,®'° with values for those eXposed to swine of 11%, 51%,
and 27% versus 2%, 24.7%, and 2.4%, respectively. In con-
trast, studies in Swedenu found no significant differences be-

: TABLE 1
Charactenstlcs and nsk factors of the studied populatxon according to the presence or absenoe of anti-HEV IgG
. At-HEYV IgG positive Ant-HEV IgG negative P OR 95% C1
©Sex o S o ' o : ;
“ Male o o 21 (208%) 80 (79.2%) o 10.01 0.08 003
Female- o e 2(2%) 95 (97.9%) : :
Age (years) '382+104 26 + 9.0
ALT 2+14 15+ 122
AST - - B : 12+75 11+68 =
~ RNA-HEV ‘ o ! 0 (0%) 0(0%)
Consume raw vegetables S o ’ .
" No S L 2(14%) 25 (92.6%) 0.46 1.75 0.3-7.9 .
Yes ) ) o 21.(12.3%) 150 (87.7%) : .
Consumie raw shellfish - - SR :
No . “ 23 (11.6%) 175 (88.4%) 0 0 0
Yes UL 0 (0%) 0 (0%)
Consuine untreated water ' ' T ! .
No - . Cl T 13 (T8%) 154 (92.2%) 0.01 5.6 12.2-14.5
" Yes S 10(322%) - 21(67.8%) )
Travel abroad B T oo e : : i :
- . No . ) 18(132%) 118 (86.8%) - <029 0.6 0.2-1.6
7 Yes = . S T 5(8%) 57 (92%)
Exposure to swine =~ .7 i o v , v
coNeo S e 4 (41%) 93(95.9%) . 0.03 54 1.7-16.5
Yes © © - i T 19(18.8%) 82(81.2%) o ‘
OR = odds ratio; CI = confidence interval; ALT = slanine ami fe AST = inc fe
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tween those exposed (13%) and unexposed to swine (9.3%),
and in Italy,'” prevalences of 3.3% in swine farmers and 2.9%
in people without occupational exposure to swine were re-
ported. The high variation among the prevalences described

above might be caused by differences in sample size, country

of origin, and the diagnostic assay used..In this context, it has
been described that there are significant sensitivity variations
in developed countries depending on the type of ELISA kit

used, as well as immunobloftting confirmation of the ELISA-"

positive samples. The data obtained ,byb"Herremans' and oth-

ers® in 2007 suggest that there are few differences in’ the’

sensitivity of ELISAs based in' genotype 1 or 3 antigens.

‘Therefore, the number of false negatrves in the healthy popu- -
lation is expected to be low. In our study, to minimize the’
possibility of false positives and yxeld more accuraie preva-
lence results, positive samples were confirmed by means of an

immunoblot assay (Recomblot HEV Mxkrogen)

Regarding other risk factors' studied in ‘this work an el- '

evated prevalence (32 2%) and risk (OR ='56) in people
"~ who reported consumption’ of untreated ‘water from water

fountains in the countryside was recorded. The. relatxoushtp‘

between untreated water consumptron ‘and exposure to swine

" in swine workers is not surprising. because the farms are. lo-
cated in the countrysrde where untreated water fountams are
MNUMerous. Addmonally, lt is very cornmon among farmers to .
fertilizé cultivated: fields with’ manure -fromni swine -farms,. .
which could infiltrate down through- the ground ‘contaminat--
ing subterranean ‘water and’ reachmg to the water fountains. _
However, this~ hypothesrs needs to-be conﬁrmed by further_‘ S

" studies detectmg HEV in water fountams

The seroprevalence observed i ‘other mdustnahzed coun-'
tries such as the United Kirigdom,'®" Ttaly,® France,” New

‘ Zealand,> and: Brazil 2* with 6.3%, 2.6%; 3.2%, 4%, and

2.3%, respectlvely, was ]ower ‘than the vahxe reported inour’
study. The overall. percentage ‘found' in this" study (11 6%)

is also higher than'the one. observed by Mateos and others®*

(2.8%) and the rate obtained by Buti and others (7:3%) in.

a normal ‘Spanish population. These cannot be properly com- '

pared with the data obtained in this study because of the high

number of exposed people (50%). These high prevalences
“suggest that autochthonous HEV is circuliting in Spain, . - v

" and the infection is, underdiagnosed.. Although. transfusion- .. .: -

transmitted HEV is probably much too rare to sustain HEV .-

transmission, it should be taken ‘into account that HEV is

spread through uncertain routes, and the potential risk of :-
transfusion-transmitted HEV 1nfect10n should be’ consrd— o

ered.”’

In conclusion, this is the first study in Spain reportmg a hlgh -

prevalence of IgG anti-HEV antibodies in swine workers.
These data support that HEV infection should be treated as a

vocational illness in swine workers. Therefore, systematic ap-;"
plication of hygiene measures in this group is hxghly recom- -

“mended to avord the exposmon to thrs virus.

- 2008.
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A case of transfusion-transmitted hepatitis E caused by blood
from a donor infected with hepatitis E virus via zoonotic
food-borne route

Keiji Matsubayashi, Jong-Hon Kang, Hidekatsu Sakata, Kazuaki Takahashi, Motohiro Shindo,
Masaru Kato, Shinichiro Sato, Toshiaki Kato, Hiroyuki Nishimori, Kunihiko Tsuji,
Hiroyuki Maguchi, Jun-ichi Yoshida, Hiroshi Maekubo, Shunji Mishiro, and Hisami Ikeda

BACKGROUND: Five cases of transfusion transmission
of hepatitis E virus (HEV) have been reported so far.
The infection routes of the causative donors remain
unclear, however. Also, the progress of virus markers

in the entire course of HEV infection has not been well
documented.

STUDY DESIGN AND METHODS: Nucleic acid testing
was performed by real-fime reverse transcription—
polymerase chain reaction targeting the open reading
frame 2 region of HEV. Full-length nucleotide
sequences of HEV RNA were detected by direct
sequencing.

RESULTS: Lookback study of a HEV-positive donor
revealed that the platelets (PLTs) donated from hirn 2
weeks previously contained HEV RNA and were trans-
fused to a patient. Thirteen relatives including the donor
were ascertained to enjoy grilled pork meats together in
a barbecue restaurant 23 days before the donation.
Thereafter, his father died of fulminant hepatitis E and
the other 6 members showed serum markers of HEV
infection. In the recipient, HEV was detected in ‘serum
on Day 22 and reached the peak of 7.2 log copies per
mL on Day 44 followed by the steep increase of alanine
aminotransferase. Immunoglobulin G anti-HEV emerged
on Day 67; subsequently, hepatitis was resolved. HEV
RNA sequences from the donor and recipient were an
identical, Japan-indigenous strain of genotype 4. HEV
RNA was detectable up to Day 97 in serum, Day 85 in
feces, and Day 71 in'saliva.

CONCLUSION: A transfusion-transmitted hepatms E
case by blood. from a donor infected via the zoonotic
food-borme route and the progress of HEV markers in
the entire course are demonstrated. Further studies are
needed to clarify the epidemiology and the transfusion-
related risks for HEV even in industrialized countries.
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epatitis E virus (HEV) infection has been con-

sidered to occur mainly via fecal-oral trans-

mission and is an important public health

concern in developing countries.! In industri-

alized countries including Japan, cases have been rarely

reported and hepatitis E has been regarded as an

imported infectious disease from its endemic areas.

Recently, however, increésing numbers of sporadic cases

have been reported,>" some of which resulted from infec-

tion via a zoonotic food-borne route by consumption of

raw or undercooked meats of wild boar, wild deer, or
farmed pig that was contaminated with HEVS!! ,

In 2004, we reported the first molecularly confirmed

case of transfusion transmission of HEV.? The infection

route in the causative donor was not very clear, however.

" Thereafter, at least four cases of transfusion transmission

of HEV have been reported in Japan, the United Kingdom,

ABBREVIATIONS: FAM = 6-carboxyfluorescein;
HEV = hepatitis E virus; ORF = open reading frame;
PSL = predonisolone; TAMRA = 6-carboxy-
tenmnethylrhodémine
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and France,'*'¢ where hepatitis E is nonendemic and HEV
infection routes remained to be obscure.

Here, we report a case of acute hepatitis E caused by
transfusion. transmission from the donor who was
infected with HEV via a zoonotic food-borne manner. To
our knowledge, this is the first case in which the infection
route of the causative donor has been confirmed. Also, in
this report, we describe, for the first time, the virus kinetics
and changes of anti-HEV in serum, prospectively moni-
tored from latent period of infection until convalescence,
accompanied by disease progression in the patient.

MATERIALS AND METHODS

Detection and quantitation of HEV RNA

For reverse transcription-polymerase chain reaction (RT-
PCR) to detect HEV RNA in the samples, the following
oligonucleotides were designed to detect 75 nucleotides of

highly conserved sequence'm the open reading frame
(ORF) 2 region of all HEV genotypes forward primer -

5“CGGCGGTGGTTTCTGG-3', reverse primer 5-AAGG
GGTTGGTTGGATGAATA-3’, and mixed probes with a
5’-reporter dye (6-carboxyfluorescein, FAM) and a 3'-
' quencher dye (6-carboxy-tetramethylrhodamine, TAMRA)
and*  FAM-5-TGACAGGGTTGATTCTCAGCCCTTCG-3"-
.TAMRA, EAM-5'- TGACCGGGT'I‘GA'I'I‘CI‘CAGCCC’I'I‘C 3-
TAMRA, "'and FAM- 5'-TGACCGGGCI‘GA'I'I‘CI‘CAGCCC
TT-3 -'I‘AMRA (Slgma-Aldnch Japan, Tokyo, Japan).
‘Nucleic ‘acid was extracted from 200 puL of serum and
* saliva and from 100 uL of 10 percent (wt/vol) fecal suspen-
sion in'saline with kits (QIAamp MinElute virus spin kit,
Qiagen K.K., Tokyo, Japan; and SMITEST R&D- EX, Medical
& Biological Laboratories, Nagoya, Japan). Before extrac-
tion, the samples were centrifuged at 6000 x g at 4°C for
" 10 minutes; thereafter the clear supernatant was sub-
jected to nucleic acid extraction. Before RT-PCR, RNA

preparation of feces was diluted at 10 times with nuclease- .

free water to reduce the effect of inhibitors. Twenty micro-
 liters of nucleic acid sample was used for each reaction.
.Each 50 pL of reaction mixture contained 25 uL of 2x

RT-PCR kit master mix (QuantiTect Probe RT-PCR kit, |

Qiagen), 0.5 1L of RT mix (QuantiTect Probe RT-PCR kit,
‘Qiagen), 400'nmol per L each of forward and reverse
primer, and 67 nmol per L each of three probes. RT-PCR
mixture was incubated at 50°C for 30 minutes and at
95°C for. 15'minutes, followed by 50 cycles of 94°C for
- 15 seconds, and 60°C for 1 minute utilizing a thermocycler
(Applied Biosystems 7500, real time PCR system, Applied
- Biosystems, Tokyo, Japan). HEV nucleic acid testing (NAT)
was performed individually. The analytical sensitivity of
the HEV NAT was determined to be 25.(13-166) copies per
mL (with 95% confidence interval) by logistic analysis. HEV
viral load was determined from standard curves generated
by using 10' to 107 copies of HEV RNA per reaction. The
HEV quanntanon standard was generated by transcribing
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HEV cDNA of HEV ORF2 region that was cloned into a
plasmid (pCRII-TOPO, Invitrogen, Carlsbad, CA), using the
in vitro transcription kit (MAXIscript T7 high-yield tran-
scription kit, Ambion, Austin, TX). Purified plasmid DNA
was linearized with HindlIll restriction endonuclease and
transcribed to yield 717-nucleotide-long RNA transcripts
containing 75-nucleotide target sequence.

Phylogenetic analysis of HEV isolates

Entire or nearly entire sequences of HEV isolates were
determined as previously described by Takahashi and
coworkers.* The sequences were aligned together with
reported HEV strains with a computer program (CLUSTAL
W, Version 1.8).!” A phylogenetic tree based on the nearly
entire HEV RNA sequence was constructed by the
neighbor-joining method,® and the final tree was obtained
by a computer program (TreeView, Version 1.6.6)." Boot-

* strap values were determined by resampling 1000 times of

the data sets. The nucleotide sequences isolates HRC-
HE14C, JST-KitAsa04C, and JTC-Kit-FHO4L reported in this
study have been asstgned DDBJ/EMBL/GenBank nucle-,
otide sequence databases with the accession numbers
AB291965, AB291966, and AB291959, respectively.

Detection of serum anti-HEV

~ Samples were tested for immunoglobulin M (IgM)- and

immunoglobulin G (IgG)-class antibodies against HEV
using a commercial enzyme-linked immunosorbent assay
kit (Viragent HEV-Ab, Cosmic Corp., Tokyo, Japan).5

Alanine aminotransferase testmg

"Alanine axmnotransferase (ALT) testing was carried out

using transaminase-HRII - Nisseki/GPT (Wako Pure
Chemical Industries Ltd, Osaka, Japan) on an automatic
analyzer (ACA5400, Olympus Corp., Tokyo, Japan).

RESULTS

A lookback study of a causative blood donor

Blood from a 39-year-old Japanese male on September 20,
2004, was disqualified because of the elevated ALT level at
236 1U per L and tested for hepatitis viruses because of the
abnormal ALT result. His blood sample turned out to be
positive for the presence of HEV RNA at 4.8 log copies per

, mL as well as anti-HEV IgM and IgG and negative for the

presence of any marker of hepatitis B virus (HBV) or hepa-
titis C.virus (HCV). A lookback study revealed that his
donated blood on September 6, 2004, 2 weeks before the

lastdonation, was positive for the presence of HEV RNA at

3.1log copies per mL and negative for the presence of
IgM- or IgG-class anti-HEV. The HEV isolate, HRC-HE14C,

was classified as genotype 4 of a Japan-indigenous strain
(Fig. 1). The blood (platelet {PLT) concentrate) donated on
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S Avian HEV (USA, AY535004)

unknown (Mexico, M74506)
T3 (Chad, AY204877)
Morocco (Morocco, AY230202)
Abb-2B (Pakistan, AF185822)
unknown (Myanmar, M73218)
HEVNESL (Myanmar, D10330)
unknown (India, AF459438)
unknown (India, AF076239)
TK15/92 (Nepal, AF051830)
— unknown (India, X99441)
hev037 (india, X98292)
Uigh179 (China, D11093)
unknown (China, D11092)
SAR-55 (Pakistan, M80581)
K52-87 (China, L25595)
HeBei (China, M94177)
unknown (China, L0O8816)

100

100

Osh 205 (Kyrgyzstan, AF455784) s
HE-JA04-1911 (Japan, AB248520)
swJ8-5 (Japan, AB248521) s
swJ12-4 (Japan, AB248522) s

Arkell (Canada, AY115488) s
HE-JA10 (Japan, AB089824)
JKN-Sap (Japan, AB074918)
JMY-Haw (Japan, AB074920)
Meng (USA, AF082843) s

=

100

28

0.1

HEV-US1 (USA, AF060668)
HEV-US2 (USA, AF060669)
swJ570 {Japan, AB073912) s
wbJYG1 (Japan, AB222184) b
JJT-Kan (Japan, AB091394)
HEVN1 (Japan, AB246676)
wbJSG1 (Japan, AB222182) b
JMNG-Oki02C (Japan, AB236320) m
wbJTS1 (Japan, AB222183) b
JRA1 (Japan, AP003430) -~
JBOAR-Hyo04 (Japan, AB189070) b
JSO- 3t (Japan, AB189073)
JMO-Hyo03L (Japan, AB182072)
JYO-HyoO3L (Japan, AB189075)
JTH-HyoO3L (Japan, AB189074)
JDEER-Hyo03t (Japan, AB189071) d
swCH31 (China, DQ450072) s
IND-SW-00-01 (India, AY723745) s

46 __E— JKO-ChiSai98C (Japan, AB197673)
; J

'YI-ChiSai01C (Japan, AB197674)
SwCH25 (China, AY594199) s
T1 (China, AJ272108)

HEVN2 (Japan, AB253420)

DQ1 (China, DQ279091) s
CCC220 (China, AB108537)
HE-JA2 (Japan, AB220974)
JAK-Sai (Japan, AB074915)

HE-Ji4 (Japan, AB080575)

swJ13-1 (Japan, AB097811) s
HE-JA1 (Japan, AB097812)
HE-JF3 (Japan, AB220971) -

JSN-Sap-FHO2C (Japan, AB200239)

JYN-Sap01C (Japan, AB193177)

JSF-Tot03C (Japan, AB193176)

HE-JK4 (Japan, AB099347) .

JYN-Nii02L (Japan, AB1931786)
HE-JA28 (Japan, AB220976)

100 |, HE-JA36 (Japan, AB220977)
HE-JA41 (Japan, AB220979)
99}, JTC-Kit-FHO4L
L HRC-HE14C
100 JST-KitAsa04C

Hokkaido-
cluster:

JSM-Sap95 (Japan, AB161717)
JKK-Sap (Japan, ABO74917)
HE-JA19 (Japan, AB220975)
HE-JA37 (Japan, AB220978)
HE-JFS5 (Japan, AB220973)
HE-JF4 (Japan, AB220972)
JTS-Sap02 (Japan, AB161718)
JYW-Sap02 (Japan, AB161719)
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Fig. 1. Phylogenetic tree constructed by the
neighbor-joining method based on the entire
or nearly entire sequences of HEV genome of
77 isolates using an avian HEV (AY535004) as
an outgroup. After the isolate name, the name
of the country where the strain was isolated
and accession numbers are shown in paren-
theses. The numbers 1, 2, 3, and 4 in bold indi-
cated HEV genotypes. The 3 isolates HRC-
HE14C from the causative donor, JST-
KitAsa04C from the patient, and JTC-Kit-
FHO4AL from the donor’s father are indicated in
bold. The letters “s,” “b,” “d,” and “m” after
parentheses denote HEV isolates from farmed
pig, wild bore, wild deer, and mongoose,
respectively. A vertical bar represents a cluster
consisting of strains indigenous to Hokkaido,
Japan. Bootstrap values are indicated for the
major nodes as a percentage of the data set
oAbtained from 1000 resamplings.

<

September 6 was released because it
showed normal ALT and passed all the
current blood screening tests. Transfusion
was carried out 3 days after the blood dona-

tion, and the total amount of HEV in the PLT

concentrate was estimated to be approxi-
mately 5.4 log copies. He was asymptomatic
and did not feel tired or febrile in the
periods near the two occasions of blood
donation.

A minioutbreak of HEV infection

in family members of

the causative donor

Besides the causative donor, HEV RNA was
detected in the blood of his 69-year-old
father, who developed acute hepatitis on
September 14, 2004, and finally died of ful-
minant hepatitis on October 14. Retrospec-
tive analysis of the father's blood sample
taken on September 24, 41 days after the
dining, revealed that the HEV strain, JTC-
Kit-FHO4L, was genotype 4. HEV RNA
sequence analysis of the HEV isolates from

. the causative donor and his father showed

only 9-nucleotide differences of 6588 nucle-
otides, suggesting that the two strains

~ were extremely close but not identical

(Fig. 1).
By retroactive interviewing, it was

‘revealed that the causative donor and his 12

relatives gathered to enjoy grilled meats



o the, ﬁrst 3. weeks after the transfusion,

" or Epstein-Barr virus. He was diagnosed

including pig liver and intestines at a A

=
°
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. barbecue restaurant on August 14,
2004.2 Blood samples from the relatives
were tested for HEV markers with
-informed consent. Seven of the family
members who ate grilled pig liver
and/or intestines had IgM- and/or IgG-
class anti-HEV in the blood samples
taken 37 to 92 days after the barbecue

80

HEV-RNA {log coples/mt, ot g}
8

party. Retrospectively, in the previous -10
6 months or more, dining out at that
. restaurant was the only occasion all the B

1 20 30 4 S0 66 70 80 90 100 110
Days sfter ransfission

13 relatives had eaten together.

Index

Clinical course of the patient

It was confirmed that the PLT concen-
trate (approx. 200 mL) contaminated
with HEV was transfused to a 64-year-
old Japanese male patient with non- 10
Hodgkin's lymphoma on. September 9,

2004, as shown Day0 in Fig. 2. The

. patient had been treated with autolo- c

10 20 30 40 S 6 70 8 0 100 1o
BN, SMU/dey - PSL. S 1315, thén 3010 3 mhiay

LR

-..gous: peripheral: blood stem cell trans-
-.-plantation -accompanied with -heavy |
-..chemotherapy. since July 30, 2004. In

< -liver function tests sustained to be
normal. On Day22, the ALT level
increased transiently at 67 IU per.L, and
HEV was detected in serum. While the
ALT level returned to normal, the viral
load in serum showed an exponential
increase. Levels of aspartase amino-
transferase (AST) and ALT took an
upward turn on Day 41. There was no
" evidence for acute infection of hepati-
" tis A virus, HBV, HCV, cytomegalovirus,

ALT, AST (lUL) R
o 88888

-,
(-]

as acute hepatitis E. On Day 45, he was
“referred to the liver unit of Teine Keijin-
- - kai Hospital to treat presumed develop-
ing acute hepatitis E. Despite antiviral

" therapy with interferon (IFN) from

** Day 45, 2°,5"oligoisoadenylate synthetase in serum never -
+"."showed apparent iricrease and no obvxous decrement of
‘viral load had obtained (Fig. 2A). Levels of AST and ALT o

" indicatéd creeping increase to reach highest levels of 903
~and 673 IU per L on Day 59, respectively (Fig. 2C). The *
treatment was switched from IFN to predonisolone (PSL) *

in expectation of its anti-inflammatory effect. From
Day 59 after induction of PSL treatment, AST and ALT
-~ showed rapid decrease and improvement of prothrombin
* time was observed (data not shown): Dosage of PSL was

80

22 g

B &
Tolal serum bilfrubin {rgi/dl)

e
=4

tozoaowsoeomaosoioom
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Fig. 2. Clinical course of transfusion-transmitted hepatitis E with kinetics of (A) HEV
RNA, (B) serologic, and (C) biochemical markers after transfusion. The patient had
transfusion of PLT concentrates contaminated with HEV on Day:0. (A) HEV RNA load"
was represented as Iog coples per mL of seruin (O) or saliva (@) or per g of feces (A).
There were no data between Day 0 and Day 44 in feces and saliva. (B) Cutoff values of
ti-HEV IgM (0J) and IgG (®) antibodies are 30 and 13, respectively. (C) Medications
were administered with IFN-a from Day 43 through Day 62 and with PSL from
Day 59 through Day 112. (€)) ALT; (A) AST; (@) total serum bilirubin.

tapered gradually and discontinued on Day 113. Soon
after anti-HEV IgG emerged on Day 67, HEV load in the
serum sample had declined rapidly, although anti-HEV
IgM in the serum sample remained negative (Figs. 2A and
2B). The levels in aminotransferases were normalized

“dfter Day 95 (Fig. 2C). The HEV strain JST-KitAsa04C

detected in the patient was genotype 4 and its entire
sequence analysis showed only a 1-nucleotide difference
of 7255 nucleotides, suggesting the two isolates were
identical (Fig. 1).
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Serial quantitative changes of HEV load in serum,
saliva, and feces of the patient

HEV RNA and anti-HEV were measured for every serum
sample before and after the transfusion. In addition, HEV
loads were also assessed prospectively for feces and saliva
after his transference to the liver unit on Day 45. Any
marker for HEV was not detected in serum sampled
37 days before the transfusion. A small amount of HEV
RNA was transiently detected in his serum on Day 1, the
next day of the transfusion. After the reappearance on
Day 22, HEV RNA showed exponential increment with
doubling every 29 hours and reached the peak level of
7.2log copies per mL on Day 44. Beyond its plateau phase
lasting 3 weeks, viral load revealed gradual decline over 2
weeks and thereafter decreased promptly. HEV viremia

. had been finally sustained for 63 days. HEV RNA remained
detectable up to Day 97 in serum, Day 71 in saliva, and
Day 85 in feces. Peak levels of HEV RNA were found on
Day 53 in saliva at 4.0 log copies per mL and on Day 50 in
feces at 8.9 log copies per g, respectively. HEV RNA was no
longer detectable after Day 99 (Fig. 2A).

DISCUSSION

In Japan, a nonendemic country for hepatitis E, HEV
infection is occurring more frequently than previously
recognized. The prevalence of anti-HEV IgG in healthy
Japanese persons ranged from 1.9 to 14.1 percent,
depending on the geographic area,? and the prevalence of
HEV RNA among Japanese blood donors with ALT level of
at least 201 IU per L was 2.8 percent.?! The risks of trans-
fusion transmission of HEV might be low; however, five
molecularly confirmed cases of transfusion-transmitted
HEV infection have been reported in nonendemic coun-
tries so far.'>'® In none of them, HEV infection routes of
the causative donors are known. In this report, we have
described the first case that the infection route of donor is
clarified as zoonotic food-borne. The conclusion is based
mainly on two observations.

First, by the epidemiologic study, the donor was
determined to be infected in a minioutbreak of HEV infec-
tion in the context of food-borne transmission. Six of the
13 relatives who dined out together were positive for the
presence of HEV RNA and/or IgM anti-HEV in their serum
samples obtained 37 to 92 days after dining at the restau-
rant (Appendix 1). As for 4 relatives who were positive for
the presence of IgM anti-HEV, HEV viremia might have
transiently occurred without any symptom and had sub-
sided by the time when blood samples were taken. Since
IgM anti-HEV are regarded as the markers of acute HEV
infection besides HEV RNA, ' these facts strongly suggest
that family members had recently become infectéd with
HEV probably at the same time and remained asymptom-
atic. The party at the barbecue restaurant was the only
opportunity all the 13 members had eaten together in the
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estimated period of HEV infection, 2 to 10 weeks.2?
Although it was difficult to identify the source of infection
because no meat was left, they ingested various kinds of
pig meats including liver and intestines, according to the
replies to the questionnaire from the family members.?
From this retrospective research, it is strongly suspected
that the family members shared the motive of infection
with HEV by ingestion of pig liver and intestines. In Japan,
HEV has been isolated from farmed pigs,®? wild deer,25
and wild boar'*"'?5% as well as humans and recent studies
also indicated that HEV is moderately resistant to heat
inactivation.®” Some reports suggest that a number of
hepatitis E cases in Japan may be via a zoonotic food-
borne route 11252730 ;

Second, a single transmission route of HEV in this
minioutbreak is corroborated by molecularly confirmed
facts. From full-length sequence analysis, HEV RNAs
detected in the donor and recipient were identical and
closely related to that in his father. Among the strains of
genotype 4 indigenous to Hokkaido, Japan, these three
strains were segregated into a distinct cluster with a boot-
strap value of 99 percent in a phylogenetic tree based on
the entire or nearly entire sequences of HEV genome.
Moreover, when comparing 412-nucleotide sequences
(nucleotides 5985-6396 of HRC-HE14C) of ORF2 region,
where many sequences of Japanese swine HEV are retriev-
able in DDBJ/EMBL/GenBank nucleotide sequence data-
bases, high similarity (409/412 nucleotides, 99.3%) was
observed between the HEV sequences derived from the
causative donor and his father and strain swjLl45
(AB105902),° which was detected in pig liver sold at a drug
store in Hokkaido, Japan.

To date, in acute hepatitis E including transfusion
transmission cases, dynamic relationships between infec-
tion markers for HEV and disease progression throughout
the course from HEV transmission to convalescence of
disease have not been demonstrated. This is the first case
of acute hepatitis E, in which HEV kinetics in serum as well
as in feces and saliva were described by using quantitative
RT-PCR for HEV RNA from transfusion up to the end of
viremia accompanied by disease progression, and the
emergence and increase of anti-HEVs. In the current case,
HEYV viremia had lasted for 9 weeks or more and viral load
reached its peak 15 days before the peak of aminotrans-
ferase level and died out promptly right after the appear-
ance of anti-HEV IgG on Day 67. The results led us to
understand the chronologic relationship between preced-
ing viremia and after emergence and increase of anti-HEV.

Besides serum, the kinetics of HEV load in feces and

saliva were concomitantly observed for the first time in

hepatitis E in humans. After the transmission, HEV RNA
remained detectable until Day 71 in saliva and Day 85 in
feces. Among sera, saliva, and feces, every time point at
peak viral loads resembled each other, 50 to 60 days after
transmission. These facts may indicate that viral loads in



saliva and feces would also reflect viremia state. In addi-
tion, the results for saliva suggest that besides fecal-oral
route, oral-oral transmission manner can be another
route of human-to-human infection of HEV.

Soon after the transference to liver unit in the hospi-
tal, IFN-a therapy was started against HEV infection, indi-
cating the exponential increase of viral load in sera.
The levels in 2’,5-oligoadenylate synthetase, however,
induced by IFN and regarded as a predictive marker for
favorable IFN efficacy,® did not show sufficient increase in
serum (data not shown), and HEV load monitored con-
comitantly indicated no actual decrement during treat-

ment. Thereafter, single-nucleotide polymorphisms in

markers predicting the therapeutic efficacy of IFN, such as

mannose-binding lectin,® MxA,® LMP7,* and osteopon- .

tin,® were examined, and all of them did not show the
phenotype associated with favorable efficacy of IFN (data
not shown).

Throughout his clinical course, no distinct positive
result for IgM anti-HEV was observed. It is possible that
the concentration of IgM anti-HEV was too low to be
detected by the method we used. In fact, some of his
samples showed equivocal reaction. Furthermore, under-
lying disease and the preceding treatment including
autologous peripheral blood stem cell transplantation
and 'large dosage chemotherapy might have led the
patient to an immunocompromised state that responds
inadequately for HEV infection. In fact, both serum levels
in IgG and IgM had been indicated consistently less than
Iower limitation of normal ranges in the entire course
(data not shown).

We should note that the present case was not revealed
if the two practices had niot been introduced, which are
not widespread outside Japan. They are AII screening

and donor blood sample repository system. As a safety”

measure, the Japanese Red Cross Blood Center introduced
ALT testing for a surrogate marker for hon-A, non-B hepa-
‘titis virus infection. Because ALT testing contributes little
for HCV infection after HCV antibody testing started, ALT

screening has been discoritinued in the Unitéd States and -

some other countries. Although the cutoff value may need
to be reevaluated, the current case suggests that ALT
* testing may contribute to excluding blood with the pres-
ence of HEV. On the other hand, the Japanese Red Cross
- has established storing repbsitory samples of all dona-
tions since 1996. Blood samples are collected from each
donation and stored for 10 years at—30°C to investigate for

lookback study such as the suspected cases of transfusion- -
transmitted infection and alloantibodies for TRALIL. This -

system plays a very important role in the Hemovigilance
system in Japan 3%
In the present case of transfusion-transmitted acute
hepatitis E, the infection route in the blood donor was, for
the first time, clarified to be zoonotic food-borne manner.
In addition, the entire course including incubation period
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and disease progression in acute HEV infection was fol-
lowed by serologic and virologic markers, and the patient
was treated by monitoring them. To our knowledge, this is
the first report for acute HEV infection in humans, in
which various infection markers were prospectively moni-
tored simultaneously with disease progression, excepting
experimental hepatitis E in a volunteer.3®

Our data suggest that hepatitis E is likely caused by
consumption of contaminated pig meat, and there is a risk
of transfusion transmission of HEV in Japan. The most
effective preventive measure to reduce the risk of blood-
borne transmission is to screen the blood supply for HEV

* or to implement pathogen inactivation. The epidemiology

and the transfusion-related risks for HEV infection have
not been fully understood in industrialized countries
including Japan. We are undertaking epidemiologic
studies of HEV infection in Japanese blood donors and a

* feasibility study of NAT screening for HEV in Hokkaido,
Japan. ;
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APPENDIX 1
HEYV infection markers in the 13 family members who participafed in ﬂle dinner on Auggsf 14, 2004
0 , . _ .HEV markers
Numberr  Age (years) Sex Days after Aug 14,2004  ALT(UL)  ANA(107mL) _ IgMf (index)  1gGF (index)
1 39 - Male 23 27 «3.1) —(3.4) —{2.0)
: . a7 236 H4:8) +60.4) +{14.2)
49 70 H{2.1) +269.5) +{154.7)
53 44 - +257.8) +{150.5)
: 77 20 - +174.6) +(163.0)
2 69 © . Male . ’ 41 1511 +2.6) +(187.2) +271.4)
3 43 | Male. 92 .- 34 - 1747y +2977)
4 68 Male 79 15 - H51.7) +(283.3)
5 37 Female 79 \ 13 - +(110.9) B +90.3)
6 15 © Male ‘ 90 17 - +63.3) 250.6)
7 58 Female 79 25 - —{4.0) +25.9)
8 67 Female 79 15 - ~«{1.4) —{12.9)
9 ‘38" - Femate 89 12 . - —£6.1) ~{1.1)

10 T Male- 77 ‘ 19 - H0:3) "H0.5).

1. 14 Male 77 19 - TS - 2{03)

12 46 Male 90 . 15 - e {2.2) T ~(0.4)
13 6 Female 90 15 - —(26 6) - —{1.1)
Data shown were “originalty leported by Kato et al 2¢ without describing quanmauve test results of annbodies and \nral RNA and foltow-im data

.of the cadsative donor. -~

*.-Number 1 is the causative donor; Number 2 is the donor's father and died of hepauﬁs €; olhers are their refatives.

" T Positive 230 index. . .

t Posmve =13 mdex !
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asy 1o use, FDA approved test 1o confirm repeat reactives or to resoly,
dgcrepant resul(s is Iacking.

Anas: To develop a supplemental test for cgirlﬁrming the presence/ of
antodies to T. cruzi in repeatedly reactive blood or plasma units id nti-
fied §y a screening assay.

Methdds: The immunoblot assay is based on four different recon hinant
antigen§ (rAgs) FP3, FP6, FP10, and TcF, for the detection of antihpdies to
T. cruzi\Bach rAg was constructed with multiple antigenic domgfns of T.
cruzi inquding repetitive sequences and non-repetitive sequghces, The
rAgs are Riled as discrete lines onto the strip. Antibody resphnses were
visually as®essed against (wo internal calibrators {low and high) also ap-
plied 1o the {mmunostrip as discrete lines. The immunobloy assay sensi-
tivity was evijjuated with 688 RIPA confirmed chagasic sfecimens. The
specificity waspvaluated with 821 unscreened specimens frfim random U.S,
blood donors ayd 531 specimens of 30 different unrelagfd medical con-

ditions, includins leishmaniasis, malaria, and autoimnfunc diseases, or -

potentially interfding substances. The interpretation oI results was as
follows: {a) no barkis or a single test band = NEGATIYE: (b) two or more
test hands with a Ickst on band having intensity of - or higher = POSI-
TIVE; and (¢} multipl§ faint test bands (4) = INDETEPMINATE. All samples
were initially tested i} the PRISM Chagas screcnifig assay; and reactive
samples were also testdyl in two different ELISA hd in a radio-immuno-
precipitation assay (RIP .
Resuits: All 688 chagasid samples showed two b four rAg test bands and
were interpreted as positivk in the immunobloyfassay; sensitivity of 1009%
(688/688). Among 821 urkcreened specimefls of random donors, 819
showed none or a single testpand, and one ghive two faint test hands. One
specimen was repeatedly readiive in PRIS Chagas assay, two reference
ELISAs, and confirmed in RIP as positiy; while another specimen was
non-reactive in these referenceests. Offhe 531 specimens with discase
states or potentially interfering s\bstanghs, 525 tested negative, two con-
firmed positive, 1 false-positive, aRd tifee indeterminate,

Conclusions: The sensifivity of thd ifimunoblot assay in-the geographi-
cally-diverse group of chagasic sfcimens was 100% {688/688). The
resolved specificity of random dogh specimens was also 99.88% (819/
820). The recombinant antigen baged-\mmunoblo assay, in multiple lots
and run by multiple technicians has }emonstrated greal potential as a
supplemental test to confirm the fresence of antibodies to T. cruzi in blood
specimens. Design verification fnd valida {on of this assay are ongoing.

P-615

HEPATITIS B VIRUS Dj CTION AMONG VOLUNTARY BLOOD
DONORS IN THE MUNICIPALITY OF STRAMICA

Timova TT', Kocovska E*, Maninska LM', MomXovska TM?, Stamholieva
DS', Gorgevska VG', Kfstovska SK*

'General Hospital, Stefuica, Macedonia *General ospital -Prilep, Prilep,
Macedonia "Nationalfinstituie Jor Transfusion Medi&ne, Skopje,
Macedonia’

In spite of the proffress in the development of diagnosXc, therapeutic and
prophylactic metffods, virus hepatitis still present a ser¥pus global health
problem. The ssibility of transmission of these in ‘clions  through
translusion of Ylood and blood derivates implics obligatory controf of the
donated bloo, . ‘

‘Aim: To shofv the prevalence of Hepatitis B (HBsAg) in volnteer blood
doners for ffic periad from 2001 1ill 2006.

Materials:
9166 blogfl donors who donated blood at the Department of trans uziology,
General flospital-Strumica, in the period from 2001 il 2006.

Mcthodf: The samples were tested for the presence of viral \parkers
(HBsAf), using tests for HBsAg (Abbott Auxyme Monoctonal EIA).
Resuffs: The presence of markers for Hepatitis B {11BsAg) were foundin 89
{0.92%) blood donors. In 2001 the presence of HBsAg was found % 12
blghd donars, 2002 - in 20 blood donors, 2003 in 14 hlood donors, 200} in
1F blood donors, 2005 in 14 blood donors, 2006 in 12 biood donors. h
g bood group were 42 {17.2%) hlood donors, with 0 hlood group were

©W 2008 The Authors

e presence of virus markers was analyzed in tR serum of -

1.4%} blood donors, with B blood group were 10 {11.2%) blood dono
aid with AB blood group were aine (10.2%) blood donors.

CorKlusion: The obligatory testing of the donars blood is of exceptjfna
impoKance to prevent the transmission of diseases. Moreover, a signjfican
ring in\the chain for ensuring safe blood is the selection of a quAfitative
donor, 1At is a donor who donates blood volontarily, freely, ano ymously
and periockcally.

Teixeira MJ, Henggeler F,
Gongalves H

Background: The detection of \BV DNA in serum without HBsAg and
(anti-HBc/anti-HBs), defines the
cction. The prevalence in endemic
the west countries varies from 0% to

HBV infection. A high prevalefice of odult HBV has been reported in
hepatocellular carcinoma (HC,

hility allows us to identify £ population with } Ag negative but with low
. In our Centre all doYors are screened for HBV
DNA, 11V RNA and G RNA. e
Methods: In the scr

used ELISA and quj

lification (TMA)
le testing, with predicted HBV detectio rate of 50% and
-4 1UfmL, respectively.ln the screening o
CR technology, with detection limit of 60 |
egional Blood Centre (Coimbra) started the sc
HBV DNAZo all donors in Ottober 2006. Until November 200
studicd
infectighf.
Conclflsions: Some aspects need to be investigated, especial
relaffonship between the accult hepatitis B virus infection and
inffctivity of the different blood components. The sensibility of the

B virus

P-617

PREVALENCE OF HEPATITIS E VIRUS INFECTION IN BLOOD
DONORS IN DIFFERENT CITIES OF CHINA

Ren FR', Wang ZY', Gong XY, Song ML', Lv QS', Tiemuer MHL2, Yao F2?,
Zheng YR*, Wang YC®, Zhuang H®

'Beijing Red Cross Blood Center, Beijing, China *Unumchi Blood Center of

- Xinjiang Uvgur Autonomous Region, Urumchi, China *Yunnan Kunming

Bload Cenier, Kunming, China "Guangzhou Blood Center, Guangzhou,
China *National Institute for the Control of Pharmaceutical and Biological
Products, Beijing, China “Peking University lealth Science Center, Beijing,
China

Background: Hepatitis E virus {(HEV) is a single strand and non-enveloped
RNA virus. IRV infection is normally transmitted via the faeco-oral route,
However HEV réccnﬂy emerged as a transfusion-transmitted pathogen.‘
Several transfusion-transmitted HEV infections have been reported in

Journal compilation © 2008 Blackwell Publishing Lid. Var Sanguinis (2008} 95 {Suppl. 1), 74-326
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HEV-hyperendeniic or nonhyperendemic countries. In China, neither 11EV
antibodics nor HEV RNA are systematically tested in blood donors. Alanine
aminotransferase (ALT} in scrum/plasma has heen tested irrall blood do-
nors since 1960s in China, hefore hepatitis 8 surlace antigen screening.
With the introduction of specific anti-l1ICV and viral nucleic acid testing
(NAT), ALT test is no longer used in routine donor screening in many
countries. However, ALT measurement is still retained as a screening tool
for blood donors in China, in consideration that viral hepatitis is endemic
in China, .lllhough ALT has low specificity for detecting individuals with
transfusion-transmitied virus infection risk and its value is controversial.
Aims: To evaluate the prevalence of HEV infection among blood donors in
four cities of China and 10 cvaluate the value of ALT measurement for
climinating HEV infectious blood in blood donors.

Methads: Donor samiples with negative results in routine screening (anti-
HCV, iV 2, 1BsAg, syphilis and ALT) and samples with ALT cle-
vated alone were collected (rom four blood centers in four Chinese cities,
Beijfing  (North), Urumchi  (Northwest), Kunming  (Southwest), -and
Guangzhou (South) in 2005 and were frozen at -402. A total of 6665 blood
donor samples were tested for anti-1IEV IgG, anii-lLIEV IgM and HEV
Antigen (Ag) by cnzyme-linked immunoassays (WANTAI Biological
Enterprise Co. Lid, Beijing, China) in 2007. Repeated positive results de-
fined as a positive result. The Person Chi-Squared test or Fisher's exact rest
were used for the suatistical analysis,

Results: Of the 6665 blood donors tested, the prevalence of anti-HEV
1gG, anti-HEV -1gM- and HEV Ag were 24.23% (1615/6665), 1.08% (72/
6665) and 0.03% {2/6665) respectively. The prevalence of anti-HEV igG,,
anti-1IEV 1gM and 1EV Ag were all higher in 487 donors with elevated
ALT alone (30.809%, 2.0%% and 0.21%, respectively) than in 6178 donors
“with negative resulis in routine screening (23.71%, 1.00% and 0.02%)

Table HEV Seroprevalence in biood donors

' Numbers | AnnaHEVI G Ann-HEVI M HEV
Samples Cities | Tested | g - 9 I ‘%?Q
Somples | Befing 2378 & (_!siés_%i'?_ W21 00,
with Urumchi 1910! 341(1785%)  14(0 73%) | 1(0105%)
ot Kunmng ' 1170 a31(368a%)] 110 04%] ; 0(0.00%),
foutine Guangzhou; 7201 23532 64%)‘ 7(0.97%)} 0(0.00%)
| screening. | Totar ;618 146523 %)’ et oo%)I 1(0.02%)
Bejing 72 en%’ 20 78%)! 0(0.00%)
Samples fymmeni | 247: 45(1822%)°  1(040%)} 0(0.00%)
‘;""ecate g [Kuemng 152 B4(5526%);  6(385%) 00 00%)
ALT alone | Guangzhou | 16, 5(3125%)  1(625%) 1(625%),
: Total ! 4871 150(3080%))  10(205%)! 1 {0.21%)
Totat : | - ee65 1615(24.23%) ] 72(1.08%)| 2(0.03%)

Data were shown as “numbers of positive samples {positive rate)*

(P < 0.05). OF the two HEV Ag positive donars, one had negative results
in routine screening and had average HEV Ag ELISA S/CO ratio of 3.4,
anti-HEV 1gG (). ami-1gM {-): the other had clevated ALT alone and had
average HEV Ag ELISA $/CO ratio of 18.0, anti-HEV- 1gG (+) with average
S/CO ratio of 10.8, anti-HEV 1gM {-). The following table shows the more
detailed. results. .
Conclusions: Hepatitis £ virus is endemic in China, Amaong hlood donors
with negative results in rowtine screening in China, about 1% are anti-11EV .
IEM {+) or HIEV Ag {+) and may be HEV infectious, ALT sereening may have
some role in climinaming HEV inlectious blood in China.

» * Acknowledgements: This work was supported by the 863" project {grant

No. 2006AA027453) lrom Chinese Ministry of Science and Technology in
. 2006,

drawn. -

. 'Uw ur Traditional Medicine Hospital of Khotan Area, Xinjiang, Kh

-txn support.
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LYMORPHISM OF HLA-DRB1 OF THE UYGHURS IN CHRONI
HKPATISIS B IN KHOTAN AREA XINJIANG CHINA

Kurxijiang KT', Wuapuer H2, Yunusi K% Zhang Z', Shawuer R’

*Xinjiang Medical University, Urumgi, China *HLA Laborator
jing\Red Cross Bload Ceater, Beijing, China

This abshact is read by title only.

P-620
IMPACT OF PHRTOCHEMICAL TREATMENT OF PLATELET
COMPONENTS (NTERCEPT™) ON PLATELET
COMPONENT USH BY HEMATOLOGY PATIENLS DURING
3 YEARS OF ROUNNE PRACTICE
Ossclacr JC', Doyen C\ Defoin L', Debry C', Goffgfix M?, Messe N*,
Van Hooydonk M?, Bosy A2, Lin JS?, Corash LM
'Cliniques Universitaires\le Mont Godinne, Yroi
Sve, Cliniques Universitail de Mont Godinne,
Corporation, Concard, CA, USA

. Belgium *Hematology
voir, Belgium ’Cerus

Background: 1n 2003 the 8Nod TransfusionfCenter {BTC), Cliniques Uni-
i universal use of pathogen
rus Europe BV, Amersfoort,

option on platelet (PLT) and red
matology patients, the duration of
tient, total PLT dose per patient, and
total RBC units per patient were co red for 3 years hefore I-P adoption,
when only conventional PLT (C-PYfvike uscd, and for 3 years after adop-
tion of I-P. RBC use served as a sugfoga for hemostasis efficacy of PLT txn
and was cvaluated during periodf of PL suppon and periods without PLT

blood cell concentrate (RBC) use b
support, the number of PLT txn per

Methods: In both periods, PYT were colfected by apheresis in reduced
plasma concentration with gfocess leukodyte reduction. For C-P, T-Sol
{Fenwal, La Chatre, France) fith a.ratio to pl&sma of 70:30% was used. For
1-P, Intersol (Cerus) with a fatio to plasma ol\65:35% was used. I-P com-
ponents (2.5-6.0~E11 PLTYwere treated with alyotosalen (150 pmol/L) plus
UVA (3 J/em sq) to inafftivate pathogens an leukocytes. I-P replaced
gamma irradiation, bactgfria detection, and CMV rology. I-P and C-P were
available for issue the flay after collection. Days §f txn support were cal-,
culated from the firfl PLT txn until 5 days afiek the last PLT txn. An

Effect of I-P Adgption on Platelet and RBC Use

Parameter [ [ cp AW P
. { Platelet Use (mean/median)  \
Patients suplorted i 272 276 \
Days of PLI support 31.6/18 33115 0.70
PLT txn/pl 20.8/10 24.2/11 0.17

Total PL’dose (10")/pt 87.3/41 | 100.8/43 \ 0.19
RBC Use During Platelét Support (mean/median) \

Paliells transtused 222 244 \
TotiRBC units/pt 16.4/8.0 | 17.6/7.0 0‘4
RBC Use Outside of Platelet Support (mean/median) \
tients transfused 237 235 \
’I’o(al RBC units/pt 12.7/86 | 12.7/8.0 0.991
L 4

© 2008 The Autl&s

Journal um\pllnuun © 2008 Blackwell Publishing Ltd. Vor Sanguinis (2008} 95 (Suppl. 1), 74-326
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~ INSIDE: ‘ '.AMA Deems Flve-Year Blood Donor Deferral for Gay Men ‘
* Finnish Parliament Finds “Supportable”
Red Cross MSM Policy - . g : ' ’ ,
» Justified......... 3 S The Amerrcan Medlcal Assocratxon (AMA) has adopted a statement mdrcatmg it
- Umbilical Cord Blood Cell - ... . may.support changing the federal policy imposing a lifetime deferral for potentral
‘ tr;n:p_lgnts_ Help Mice 4 . blood donors who have had sex with men to a ﬁve-year deferral Do
' H%‘f;;:‘::gieekstA_ ... The: statement, adopted by. the AMA House of Delegates at. the 2008 AMA An—_-.;"
Preemption. Pohcy e ,,,4_-nual Meetmg Jupe 14:18 in Clncago, reads “The AMA. recogmzes that based on: .

... existing. scrennf ic. evzdence and risk assessment modeis .a shxﬁ to:a f ive-year: de

. Mean NCBI Spendmg L ‘V:g

SetbyCR :

| will notlfy the Food and Drug Admmrstratron of i 1ts new polrc and “wrll be open
- 1o work w1th groups to advance the polrcy ” In addition, the AMA w1ll not speak :

et ) Councrl on Scrence and Pubhc Health heWS clo, :to_ the one—year L
R deferral fog: MSM. called for in,a joint recommendatron by America’s. Bleod Cen.,(_l L

" “ters, AABB, and the Amencan Red Cross. The organizations said such a polrcy is
“;+ more consistent with deferrals for other high-risk activities, such- as receiving < -
money or drugs for sex, They have argued that public education and the develop-
.‘ment of Sensmve nuclerc acrd amphﬁcatron tests have srgmf cantly reduced the

.pohcy and -encourage federal lobbyrsts to work to overtum the han T

o (contmued on page 2) -
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AMA Statement (continued from page 1)

The AMA statement is expected help in those efforts because it underlines the problems of the mathe-
matical models being used to assess risk.

“Any policy decision on blood donation deferral of the MSM population must be governed by the best
available scientific evidence, but there are inherent weaknesses in mathematical models used in the risk
assessments on this issue that continue to generate some uncertainty. With respect to the MSM popula-
tion, it appears that a policy change from a permanent lifetime deferral to a five-year deferral following
the last MSM contact may be supportable, but societal and ethical consequences must be analyzed should
this decision be advanced,” according to the statément.

The AMA considers current risk models weak because they rely on an insufficient number
- of studies and study groups that aren’t large enough to provide predictive results, the or- »
“'ganization said. AMA also found that, depending on the inputs, modelmg studles reﬂect -
different risk assessments, creating uncertainty in thedata. -~ - /

The residual risk that an HIV-infected unit of blood will enter the blood supply is estlmated at about 1 -
infected donation for every 2.1 million donations. Given that there are about 14.5 million blood donations
»_.annually, the residual risk is about 7 infected units every year. However, the AMA said, it is clear that 7
 HIV-infécted units do not enter the US blood supply annually undetected. Since the unplementaﬁon of
“NAT in 1999, there have been four incidences where HIV has been transmitted via a blood transfusnon .
the last in 2002. -In all four cases, the donors denied engaging in nsky behavior at screenmg So, out of
more than 112'million whole blood units transfused only 4 résulted in HIV' transmnssxon far lower than
) predxcted by the nsk models
In suggestmg that a five—year deferral’ mxght be ‘warranted, the AMA pomted to a study that found com-
pared to blood donors who did not report MSM contact, blood donors who reported the behavior within
. five years had five times the number of' reactive test results. However, those who had not practiced male-
- to-male sex in-at least five years had no significant difference in reactive tests than those who did not
* report MSM contact at all. The organization reasoned then that data suggest men who practice five-year
abstinence from homosexual sex “essentially present no greater risk than the general population.”

(continued oh pége 3)
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Finnish Parliament Finds Red Cross MSM Policy Justified

The Finnish Red Cross Blood Service policy imposing a hfettme ban on blood donation on men who have
had sex with men cannot be considered unlawful F mland's parliamentary ombudsman said in a statement
- Monday (6/30/08). :

~The ombudsman Riitta-Leena Paunio, sard in the statement that the decision was based on “appropriately
reasoned epidemiological information to the effect that sex between men clearly increases the risk of con-

. tracting serious blood-transmitted diseases, such as HIV and hepatitis B and C, and thereby increases the.
safety risk in blood transfusion. ... The ombudsman emphasizes that the ban is not due to sexual orienta-
tion, whrch enjoys constrtutronal protectlon agamst drscnmmatlon but rather to sexual behavror »o

The ombudsman pomted out that in addltlon to gay men the Finnish Red Cross does not accept blood_ '
from anyone over 65 years of age or people who had visited Britain during the bovine: spongiform en-
~ cephalopathy outbreak. The: ombudsman was responding to two. complamts that alleged the Blood Servrce_ :
- was violating the constitutional prohlbltlon of dtscrnmnatron m consrdenng sex between men to, be a
: permanent obstacle to blood donatron ' :

Accordmg to the ombudsmans opmron the measures undertaken by the Blood Servrce are not drscrrml-:'
g natory and, hence; not.in contravention of the Constrtutron ¢The ombudsman considers that there is.
approprrate Justrﬁcatlon £ ""-'regardmg sex between men as a permanent obstacle to blood donatron _ t
.. present, sex between men still carries an elevated risk.of HIV infection. Statistics from the National P b-
. ‘lic Health Institute of Flnland indicate that 330 men contracted HIV through sex between men and 247

tercourse in leand durmg the perrod 2000-2007 o . B

FERRR (31 is estlmated that some: percent of all men have had sexual contacts with other men, whrch makes the

.. -risk of recent HIV mfectlon through sex between men about 25-fold compared with: that i in heterose:tual;._”,i
B _relatlonshrps The. selection of blood dondrs is largely based -on assessment of risks.in; various ‘donor : -

- groups and less SO on mdrv:dual rlsk behavrour i (Sources NewsRoom F mland, 6/30/08 Ombudsman;*g e

. Statement 6/30/08 mesh Red Cross release 6/30/08)

o AMA Statement (contmued ﬁ'om page 2)

. As for a one-year deferral the AMA sald “while the mcreased nsk wrth a one-year abstmence from blood. "
. donatron from the last MSM contact would be very small, it is not zero. This small but: scientifically real -

increase in risk represents a clear violation of ethical prmclples and therefore i is not tolerable. If a 5-° or _
' 10-year deferral policy is' consrdered nsk management calculatrons would yreld rrsks at a level that many L

- _mrght consrder acceptable

 .The AMA had consndered other language pomtmg out the Weaknesses of current nsk assessment models' A
* and a recommendation to ask-th AMA Ethical and Judlcral Councrl to examme the. socretal and ethrcal .
e unpacts of movmg toa five~year defenal O o e

- But the orgamzatlon concluded ‘that the data and explanatrons offered in’ the report ltself combmed wrth
. the discussion at the hiearing, sujipo
-models. The Housé of: "Delegates "ilso removed the second recémmendatron of the report because the-issue- . -
";athand was a risk- and" ,
~* unnecessary. The Councrl’s exammatlon of any issue is always scrence-based whlle any consideration of

2d a decision to remove;the: wordmg relating to the weakness of the =

science-based decision and further ethical scrutiny by the Council was dee "ed o

_the ethical impact of a change in pollcy for MSM would be- based, at least in part, 'on societal values the -

'AMA sald The AMA statement can be found at www. ama-assn org/ama/pub/categorvll 8644 html 6 R
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10-MONTH EXPERIENCE SCREENING USA BLOOD DONORS FOR
TRYPANOSOMA CRUZI: YIELD, RISK FACTORS, AND COST -
EFFECTIVENESS

Custer $', Kamel HT?, Tomasulo PA?, Murphy EL?, Busch MP*

'Blood Systems Research Institute, San Francisco, USA *Blood Systems
Inc., Scottsdale, AZ, USA >University of California, San Franscisce, CA,
Usa .

Background: Screening blood donors for the parasite Trypanosoma cruzi,
the cause of Chagas disease, can improve transfusion safety but may come
at a high price financially and potentially in donors lost. Since January 30,
2007 all donors have been tested for T. cruzi by an USA FDA-approved
ELISA. Here we report our experience during the first 10 months of testing
and interviewing donors.

Methods: Donors complete a pm—donauon health questionnaire that

includes questions on country of birth and time spent in Mexico, Central

and South America, areas endemic for T. cruzi. Donors who test ELISA'

repeat reactive (RR) for T. cruzi are informed by telephone-and asked to

complete an interview to assess risk factors for and symptoms of Chagas .

disease. ELISA RR donations are tested by radioimmunoprecipitation assay
(RIPA) to discriminate confirmed--from' false-positive results. We also

conducted a cost-effectiveiiess analysis to-assess: the licalth economics of -

universal donor-screening for 7. cruzi in the USA usmg an updatcd version
of a published model {J. -

Results: Of nearly 652,000 chg:ble allogcneic donors, 2.1% of repeat
donors -and 4.8% of first-time donors report having spent 3 months or

more in Latin America based on pn—donanon questions. 93- donors -

- (including 3 ‘autologous donors) tested T cruzi RR: in the first 10 months of
" testing. The RR rate for allogcnelc donations was 0.0138% (90/651;471;

1:7239). .Only 34% (28 of 82 ‘tested to date) RR donations tested
RIPA-positive, for a confirmed yield of 0.0043% (1:23,267) with a speci~
. ficity of 99.99%. The yield of RIPA-posmve donauons accordmg to region
of birth is provided in the table.

Reported risk factors include pr:'wously livmgf in r,ulall areas of Latin

- America, living in housing. with thatched roofs andjor mud walls, and

maternal .family bistory in Latin America. RIPA-positive and negative
donors reported similar frcquenqes of ‘symptoms . that could indicate
Chagas disease, yet no symptom was reported by.more that 20% of ELISA
RR donors. Preliminary cost effectiveness analysis comparing no screening
to screening using ELISA".and supplgmental RIPA mdicated a cost-
effectiveness of >$10,000, OOOIQALY

_Birth countxy or region - RIPA: positive prevalence

USA ; 1:108,207
Mexico e L0t 101800

Central or South America . o154 -
All other countries ’ ©1:13,410
Missing/Unknown . 1:82,485

Conclusion: The prevalence of'and risk factors for T. cruzi infection are-

consistent with pre-testing expectations. Although':the ‘majority of RR
donations did not test RIPA-positive, the specificity of the ELISA:was good
with substantial donor loss not ‘evident. RIPA-reactive ' donors have
reported geographical exposure: risks-and a small number have indicated

symptoms consistent with . Chagas disease. Symptom:related. questions
appear less valuable for targeting scrccnmg than ‘geographic risk factor.

questions duc to the potential for other health conditions to cause the same
symptoms. The cost-effectiveness of screening all donations is poor and:
may represent an extremely inefficient use of resources, indicating that

targeted screening strategies focused on country of birth and first-time -

donor-status should be considered.

Joumal compllatlon © 2008 Blackwell Pubhshmg Ltd. Vo.t Sanguinis (2008) 95 (Suppl. 1), 3-¥3

_transfusion cases y

Reference: Wilson LS, Strosberg AM, Barrio K. Cost-effectiveness of
Chagas disease interventions in latin America and the Caribbean: Markov
models. Am J Trop Med Hyg 2005; 73: 901-910.

8C-S19-02

RVALUATING THE EFFECTIVENESS OF MALARIA DEFERRAL!
[ROUGH ANTIBODY TESTING

Leijy D, Nguyen L, Goff T, Gibble J

Amd&ican Red Cross, Rockville, MD, USA

Backgfound: For decades US blood collection organizations havy used
risk-fagor questions to defer donors deemed to be at-risk for infectjfin with
Plasmod¥m spp., the etiologic agents of malaria. Risk factors argfbroadly
classified\ps travel to or residence in a Plasmodium-endemic untry, or
past histor} of malaria. Affirmative responses to any one thesqefrisk-factor
questions régults in deferral from donating blood for 1-3 yegfs. In recent
years it has bycome clear that this approach has a negative imbact on blood
availability. D§spite < 5 cases of transfusion-transmitted mgtaria in the US
since 1998, over 100,000 potential donors are lost tofmalaria related
deferrals each yRar. Thus, malaria can now viewed prigfarily as a blood
availability issue\as opposed to a blood safety issue. J.

Aim: Assess the ffectiveness of current malaria riskffactor questions by
testing groups of d&erred and non-deferred donors. J )
Methods: Blood donlprs previously deferred for mfllaria risk, defined ‘as

- travel to or residence i} Plasmodium spp. ¢endemic affeas or a prior history of

alaria, were recruitdd and enrolled in the gresent study following

administration of consdpt. Each study subject provided 10 mi of blood -

(EDTA) and completed aVdetailed questionnairyf regarding risk factors for
exposure to Plasmodium spp. Blood samples wgke tested by EIA (NewMarket

“Laboratories, UK) for Plasm\dium spp. antibgflies as per the manufacturers’
" instructions. Those samples Yound to be regfat reactive by EIA were con-
_sidered positive and tested b real-time BCR for-the presence of parasite
. -DNA, and subchucnt speciatio . In additifn, a group of randomly selected,

non-deferred donors was-selectdl and tefted to determine assay specificity.

. Results: A total of 1473 deferred{lonojf enrolled in'the study and provided

a blood sample for EIA testing, AWioflg those tcstéd, 21 (1.43%) were ini-
tially reactive and 20 {1.36%) werdffepeat reacti_\i:e; All samples, tested by
real-time PCR were negative for pflasite DNA. The distribution of the'20
repeat reactive donors among the fef§ral categories was as follows: 14 for

-travel, 5 for residency and 1 for galaridhistory. The results of the risk factor

questionnaire revealed that mfist serojositive donors had multiple risk
factors including 17 (85%) witll cither res\d ence in'an endemic country or a
past history of malaria. A grofip of non-delgrred donors (n = 3229) was also
tested by EIA and 21 (0.65§6) were initially reactive and 11 (0.34%) were
repeat reactive. Four of thse 11 had a pas\ history of malaria-and three
others had spent extensiyt time in Plasmodidn-endemic countries.

Conclusions: Blood dghors seropositive  f& Plasmodium -spp. - were

detected among .nongleferred “and :deferred \donors. The relationship
" between long-term afftibody titers and the risk Xor transmitting infection
. remains unclear, bfit semi-immune donors hdye been -implicated in
iously. The current approa§h to donor deferral is*
“inconsistent, failigl to defer donors with residence il endemic areas andvlor. :
a past history $f malaria, two factors shown tdybe associated with
" transfusion tragfmission. In contrast, excessive donor\leferral for travel to

Latin Americafproduces unnecessary donor loss, despi\e minimal risk for
transmitting Jhfection.

3C-S19-gf -
G VARIABILITY OF WEST NILE VIRUS IN
CLINIGAL ISOLATES FROM US.

‘Rios M, Grinev A, Chancey C, Daniel S, Rios M

Fa d ud Drug Admmtstralwn, Bcthcsda, MD, USA
B ground: WNV is endemic in the US and has mused 1.5-3\ million

. hyfnan infections since 1999, with >1000 cases of neurclogical {liseases

d 2100 deaths yearly since 2002. WNV is transmissible by tranjfusion

© 2008 The AutRors
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"~ Conclusion: In this study we port &
<" 'of WNV carrying a 13-nt deldtion:at e 3 CRAWNV- -ID-AT3), found in "

s mphcahon. however -
’ "-"_WN'V-lD;AlJ grows well in ccll cultURS, ‘but preliminary study. -

s _ormal plaque in Vero cells. The".
L is nndcr invesﬁgahon Nucleotldc~
neW mutations. are not fixed, but
wumber of fixed mutations as well -

. inpact of ID-A13 in' viral pathog i

©~ WNV has continued to diverge and:
- :-as overall genetic divergence has §
‘ gencuc variation is -essential to 3

" assays, affect viral pathogenesj,
L ‘vaccin'gs"and the development/

© .. Methodk:" A real-time minipool NAT assayfor ¢ i
_ . of Chy nyavnmswasusedonatohlofm Gsblood donor mples,
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gnd since 2003 blood donations are screened for WNV RNA. Investigati

of WNV genetic varation is important since persistent reoccurrente
sufgests viral adaptation through mutations that can potentially inte;

wit} diagnostic and screening assays, pathogenesis and therapeutiq/ ap-
proakhes. This study reports the genomic variation of WNV observedfin 67
clinicyl isolates obtained in the continental US during 6 consecutivj years
(2002-%007).

Methody: RNA extracts were prepared from WNV and subjected t¢ RT-PCR V

and sequincing. Sequences were compared to the prototype WNANY99 and
other isol&es previously studied using NTI Vector. We also deytloped and
validated a\multiplex RT-PCR assay to investigate if the newfy identified
deletion foudd in ID was also observéd in other states. All spfcimens were
tested for I/ 3°'UTR delction using this assay. -

Results: Sequduce results from 16 complete genomic seqylences revealed
‘2048 nucleotide (nt) mutations compared to the pmto pE WN-NY99, We
observed an incriase of a nucleotide: divergence in'the fijll WNV genomes
from 0.18% in 200@ to 0.48% in 2006. It should be noted that 80% of the nt
changes in structulal regions are tranmsitions: (U “'C)fand 75% are silent

mutations. Twelve n{w mutations identified in 2005, Yecame fixed in 2006.
. The 2006 and- 2007 \solates shared three'amino afid- subsututions (Va- -
- 1449Ala, Ala2209Thr §nd LysleZArg). but mosyf nt changes are silent -
" transitions (U * C, A'G).\A 13-nt deletion i ‘the 3NCR (10414-10426) was , .

identified in isolates frondaho (ID—A lS).Further vcstigation of 47 isolates

- from.2006 and 2007 for ID-AI3; showed geoggfiphical localization of this X
f;om 1D, and in one 2006

‘variant as observed in 12/\25 (48%), of isola 9
"isolate from ND. The new IDNA13 variant of

Idaho. The 3'NCR is known to bc ciiticaf £6

" showed steady repllcatlon efficis

L sequence’-alignments indicate that; ,\

- SETShT "ty;of scxtcning and- -diagnostic
and' nkg anvcly unpact thc cfﬁcacy o

'mutants cotild potentially d
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' "SCREENING OF BLOOD onons‘mn QMIKUNGUNYA VIRUS —
 DEVELOPMENT AND ALUAT[ONOF (NIP "00L-NAT AND
_ ANTIBODY TESTS -

" . Schmidt M*, Hourfar MK! Dmsten c2 Seifried E Pannmg M
. "!German’ Red Cross, Iys tirute Frankfurt, Frankfurt¥s m’Main, Germany .
: ’Insﬁtute of Vlrolo y Unwerstty of I Boml Mcdlcal (ntre, Bonn, Germaity -

N Background. The utbreak of Gnkungunya fcver the southcastern -
- lslands of the l_n an Ocean has drawn. the attcn(mn of ‘the transfusion .
community to Chikungunya- virus. The, virus, has riaw skread to India and:
" wide parts of Sfutheast Asia, Additionally many infectlpns in European |
.~ travellers returfling from these regions to their home coultriés have been
* reported. Chily ngunya virus can cause 4 wide spectrum ol disease-which -
o may range ppm no or mild sy'mptoms to death. ltis ‘known t§ be spread by -
blood in sygfiptomatic cases and likely it could bespmad by trdgsfusion and -
':Atransplan tion of organs from people with: Symptomatidor asymp-.
idennfy vl Anic dona-_:"

tomatic dfsease. Adequate screemng proccd"v
- tions, hgwever, werc not available until now;

m:nt tpld i stnm

- testeff in mlmpools of up to 96 donations. To valid'ate the sensiti pf the
" assay, routine donor minipcols were splkcd with'inactivated virus and\yvere

", usgd as positive controls. Additional to’ NAT-teshng 9600 blood donatlpns
fre screened for IgG-antibodies agamst Chikungunya virus to determ¥ne - |-
the prtvalence of -the. iufectmn in_our blood donor populatmn. Pl g .

N ) 2000'l'he Authors '

mc enoe of a new genetic variant _|.

. (day 0} After day 7 after
onset of symptoms no Chikungunys virg#’RNA was foiind in symptomatic

particular for immung
kungunya virus -ig

fons may be the method of choice in order: to guaranteo ‘safe blo
D ducts in ‘countries affccted by the: clukungunya epidemxc. el

: 3c-519-05 U :
SIMULAT[NG THE IMPACI‘ OF PANDEMIC lNFLUENZA ON THE .

- Us BLOOD SUPPLY : “

Walderhaug M, Menis M R

. US Food & Drug. Adrmmstratwn, Rockmllc 'MD,; USA -

.‘ln order to prepare for 4 possible pandcmlc inflienza cvcnt in‘the US we |-
: nvesﬁgated the: potcntlal for reduced donationmmd blood-processing staff |-
; shoxtaga duc'to an influenza pandumc to cxhaust blood stocks before
::normal donations and ‘staff levels are restored. Approxxmately 14.5 million |
nits of blood. are collected annually in the US and approximaty .3
million reccive blood transfusions peryear. To eXamine a range of pottntxalv !
scenarios that might occur during a pandemici: we developed a dfscrctc' .
. event computer simulation. of the ‘estimated aggn:gate US biced supply,
| daily blood donations, and daily deniand. The. smmlatmn used a ‘first in;
- first out” rule with respect to blood units, and kcpt track of the number of
:} days post collection of each simulated biood unit:: Dunng a day’s simulation
o any units older than 42 days were ‘dlimindted from the aggregaté Supply.
..} Daily bloed donations. ‘were pmbabihstxcally sunulated based on a normal
distribution: of means and" standard dcviatlons oBmincd fmm donation |

i records. Daily blood demiand data’'were esdmatcd in‘a similar manner based.
- on multiple years of U.S. Centers for Medicare & Medicaid Services (CMS) -
" MedPAR derived ‘data on the daily numbier of inpatient blood transfusion |
_ procedures recorded for dderly patients 65 years old and ‘over. An analysis
- of daily donations and blood demand showed similar patterns through the
. week with the least amount of dohations and demarid on. ‘Sunday with peak
1 donanons and demand at mid-week. Simulating the dain blood supply for
. mulnple years in simulation showed the estimated: aggrtgate blood supply
" behavior was similar to observed pattemns of blood supply lcvtls in the US
spécifically, showmg a decline in overall levels during the summer followed |.
by a recovery of levels in the winter. To examine the impact of pandemic
. influenza, a 50% dedline in blood donations for 3 months was simulated,
and the cﬂ’cct was a depletion most of the aggregate Bleod supply, if no
liniitation of blood demand was - applicd;. however, if blood demand is
,lmutcd to ‘essential uses; then a three month pcriod of-reduced donations
‘can be endured despite a sxgmﬁcant depletion of aggrcgate blood stocks.
_The sunulahon model pmvidcd results that- appcarto be masanable with
-respect to observed estimates of aggregate blood supply and to be tiseful in |
“exploring a- range of possxblc scenanos expcctcd dunng pandemlc
mﬂuenza ' . S . :

1

~ Journal compllation © 2008 Blackw:ll l’ubhshmg Ltd. Vor Sangumis (2008) 95. (Suppl. l), -73
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Highlights from the 18th ECCMID

First European InYsguion Diry

The launch of the first Bgpean Day
of Fighting Infection took pladhat the
18th annual European Congress™Ng
Clinical Microbiology and Infectious
Diseases (ECCMID) in Barcelona, Spain
(April 19-23). “We need to make
people more aware of infections, and
to highlight to the general public in
particular that everyone can play a
part—for example, in the correct use
of antibiotics”, Giuseppe Cornaglia
(University of Verona, Italy) told TLID.
“The day will also serve to reinforce
coflaborations between all players in
the field of infectious diseases in Europe
and to improve knowledge”, he added.
The day has been created to mark
the 25th anniversary of the European
Society of Clinical Microbiology apé
Infectious Diseases (ESCMIDL"An
important aim for us now i€to work
towards fostering greagerTollaboration
between eastern gatl western Europe,
through profeSSional exchange and
improving” our support to young
sciepiSts.”

£CCMID research highlichts
A key focus of the meeting was around
antibiotic resistance in Furope and
how best to ensure more rational
se of antibiotics by clinicians. In a
pré¥s conference, Fernando Baquero
(HospitaRamon y Cajal, Madrid, Spain)
said clinician®™g particularly concerned
about  resistand_ to  antibiotics
commonly used in dMgren. He said:
“Innovative antibiotics areNgot bejag
developed, and industrial &arch
facilities on antimicrobial #Gents 3
increasingly  being t down..we
therefore cannot € all the antibiotics
commonly gyuflable for use in adults
for the tgedfment of children”,
Spr€throats are common in children,
€t only 15-30% of them are caused by
pathogenic bacteria, most frequently
group A streptococci. In an expert
session, Paul Little (University of
Southampton, UK) warned dinicians

against prescribing antibiotics
immediately. “There are several
alternatives: if rapid  streptococcal

tests are available it takes just 5 min

to exclude or confirm infection. If a
rapid test is not available, it's safetB
wait 3 days before using antjptBtics”,
he said. Antibiotic theragy”Should be
started after 3-4 da€ if necessary,
“in the meantimeyou can give anti-
inflammatogy”drugs to control the
symptops§”

Pacconelli and colleagues (Catholic
Oniversity, Rome, italy) did a 1-year
cohort study to analyse the risk factors
for infections by antibiotic-resistant
bacteria in  hospital admissions.
Rlections  caused by  antibiotic-
resistaqt bacteria were diagnosed in
398 patdRgs (seven cases per 1000
admissions). They report an increased
risk associated whg_ colonisation in
patients aged >60 yead¥\with urinary
catheters and clinical signs dNpacterial
infections at admission and in pa¥epts
previously treated with antibiotic
and conclude that greater recognition
of these risk factors may influence the
selection of empirical treatment.

Sally Hargreaves

New arenavirus discovered in Bolivia

An international team from Bolivia,
Peru, and the US Centers for Disease
Control and Prevention (CDC, Atlanta,
GA, USA) has discovered a new
arenavirus in a fatal case of haemor-
thagicfeverinBolivia. Completegenome
analysis revealed a distindt member of
the arenavirus family; named Chapare
virys, after a river in the foothills of the
Andes. The virus is phylogenetically
related to other arenaviruses that
naturally cause haemorrhagic fever in
South America, particularly Sabia virus.
Study investigator Stuart Nichol
(CDQ) said that “arenavirus-associated
haemorrhagic fever has been described
in Argentina (Junin virus), Bolivia
{Machupo and now Chapare virus),
Venezuela (Guanarito virus), and Brazil
(Sabia virus). The number of cases per
year varies substantially, from around

“http:/finfection thelancet.com Vol 8 june 2008

a few hundred cases down to double
digits for the whole region” Nichol
added: “It is highly likely that Chapere
virus has been present in a rodent
reservoir for a long time, although
spill-over to human beings is probably
infrequent”. Michael Farzan (Harvard
Medical School, Boston, MA, USA)
said: “The discovery underscores the
ease with which viruses replicating
in South American wild rodents can
acquire the ability to infect human
beings and cause serious disease.
This is especially a concern, since the
natural habitats of these rodents are
being disrupted in a variety of ways”.

A possible new poxvirus has been
discovered foliowing serological tests
in red colobus monkeys in Uganda.
Lead investigator Tony Goldberg
(University of lllinois, Urbana, IL, USA)
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said that the virus is similar, but not
identical, to known orthopoxviruses,
which indudes smallpox virus.

Goldberg added: “The likelihood of
the new virus infecting human beings
inthe near future is probably low; there
was no evidence of human poxvirus
infection in the study area. One of
the main implications of our study is
that there are new, as yet unidentified
poxviruses in the environment”.
Nevertheless, Goldberg pointed out
that poxviruses are notorious for
crossing species barriers.

The concern with both new viruses is
that emerging infections have roughly
quadrupled over the past 50 years, and
that wildlife zoonoses account for the
majority of such diseases.

Cathel Kerr

he printed journalincludes an |
image merely for iHlustration

For more on ESCMID see hizp.//
www.escimid.org

Far more on Chapare virus see
PLoS Pathog 2008; 4: €1000047;
D0K10.1371/journal.
Ppat.1000047

For more on the novel poxvirus
in colobus monkeys in Uganda
see Emerg Infect Dis 2008;

14: http:/Awvww.cde.govieid/
content/14/5/801.htm

For more on emerging
infectious diseases and witdlife
zoonoses see Newsdesk

Lancet Infect Dis 2008; 8: 218-1%
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Identification of cardioviruses related to Theiler's
murine encephalomyelitis virus in human infections
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Communicated by Patrick O. Brown, Stanford Umverslty School of Medicine, Stanford, CA, July 3, 2008 (received for review March 19, 2008)

Cardioviruses comprise a genus of picornaviruses that cause severe
illnesses in rodents, but little is known about the prevalence,
diversity, or spectrum of disease of such agents among humans. A
single cardiovirus .isolate, Saffold virus, was cultured in 1981 in
stool from an infant with fever. Here, we describe the identifica-

- tion ‘of a group of human cardioviruses that have been cloned

directly from patient specimens, the first of which was detected
using a pan-viral microarray in respiratory secretions from a chiid
with influenza-like iliness. Phylogenetic analysis of the nearly
complete viral genome (7961 bp) revealed that this virus belongs
to the Theiler's murine encephalomyelitis virus (TMEV) subgroup of
cardioviruses and is most closely related to Saffold virus. Subse-
quent screening by RT-PCR of 719 additional respiratory specimens
[637 (89%) from patients with acute respiratory illness} and 400
cerebrospinal fluid specimens from patients with neurological
disease (aseptic meningitis, encephalitis, and multiple sclerosis)
revealed no evidence of cardiovirus infection. However, screening
of 751 stool specimens from 498 individuals in a gastroenteritis
cohort resulted in the detection of 6 additional cardioviruses
(1.2%). Although all 8 human cardioviruses {including Saffold
virus) dustered together by phylogenetic analysis, significant se-
quence diversity was observed in the VP1 gene (66.9%-100%
pairwise amino acid identities). These findings suggest that there
exists a diverse group of novel human Theiler's murine encepha-
lomyelitis virus-like cardioviruses that hitherto have gone largely
undetected, are found primarily in the gastrointestinal tract; can be
shed asymptomatically, and have potential links to enteric and
extraintestinal disease.

DNA microarrays | gastroenteritis | influenza-like iliness | picornavirus |
virus discovery

Picomaviruses are positive single-stranded RNA viruses that
cause a variety of iraportant disease states in humans and
animals. Several genera of picornaviruses are recognized, based
on genomic sequence and virus biology. The Cardiovirus genus
of the family Picornaviridae consists of two subgroups: Theiler’s
murine encephalomyehhs virus (TMEV) and related viruses
(Theiler-like virus NGS910 of rats, Vilyuisk virus) (1—3), and
encephalomyocarditis virus (EMCV) and related viruses
(EMCV, Mengowrus Columbia SK virus, Maus-Elberfeld vi-
rus) (4). All these viruses infect rodents, replicate in the gas-
trointestinal (GI) tract and are transmitted by the fecal-oral
route. Although enteric infection by these viruses is often mild
or asymptomatic, extraintestinal spread of these viruses can
occur and can lead to systemic disease (1). As their name implies,

“the EMCV-like agents cause encephalitis and myocarditis,

whereas the TMEV family is linked to CNS infection. In
experimental settings, intracerebral inoculation of mice with
TMEV can produce acute encephalomyelitis and/or a chronic
demyelinating disease resembling human multiple scletosis

(MS), depending upon the strain of TMEV used (5). Oral

14124-14129 | PNAS | September 16,2008 | vol. 105 | no.37

inoculation with TMEV may also result in encephalomyelitis,
especially when large inocula are delivered to neonatal mice (6).

Whether authentic human cardioviruses exist has long been
debated. The first candidate human cardiovirus was Vilyuisk
virus, which was linked to Vilyuisk encephalitis, an unusual
neurodegenerative discase found among the Yakuts people of
Siberia in the 1950s and still endemic to the region (7, 8). The
Vilyuisk virus was initially isolated from the cerebrospinal fluid
(CSF) of an affected patient and underwent 41 serial passages in
mice before sequencing and characterization as a TMEV-like
picornavirus (3, 9). Given its sequence similarity to TMEV and
its extensive passage history in mice, questions have arisen as to
whether the virus may in fact be of murine origin. In 1981,
another TMEV-related cardiovirus was cultured from the stool
of an infant who presented with a febrile iliness (10). Although
early passages appeared to show that the virus was transmissible,
long-term continuous propagation of the isolate has been prob-
lematic. The nearly complete genomic sequence of this isolate
(provisionally called Saffold virus) was recovered from frozen
stocks by cloning in 2007 and was found to be much more
divergent from TMEV than Vilyuisk virus (10). However, nei-
ther Vilyuisk nor Saffold virus was cloned directly from primary
clinical specimens, and the diversity, prevalence, and potential
clinical manifestations of human cardiovirus infection have
remained largely unexplored.

We have previously developed a pan-viral DNA microarray
(Virochip; University of California, San Francisco) designed to
detect known and novel viruses in clinical specimens on the basis
of homology to conserved regions of known viral sequences (11).
The current study uses microarrays from the third and fourth
generations of this platform (Viro3, Viro4). The Viro3 platform
has 19,841 viral oligonucleotides derived from all publicly avail-
able viral sequence as of June 2004 (12, 13). The Viro4 platform
is a streamlined update of the Viro3 platform consisting of
14,740 viral oligonucleotides derived from all publicly available
viral sequence as of June 2006. The Virochip has been used to
detect novel pathogens such as the severe acute respiratory
syndrome coronavirus (14) and XMRYV, a retrovirus identified
in prostate tissue of men with germ-line mutations in RNase L
(15). The platform has also been successfully used to detect
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known and divergent viruses in acute respiratory tract infections
in several recently published studies (12, 13, 16, 17).

In this study, we used the Vu'ochxp to screen respiratory
secretions from patients with influenza-like illness who lacked a
diagnosis despite extensive microbiological testing. In one such
patient, we detected and fully sequenced a. cardiovirus in the
Saffold group. Related cardioviruses were subsequently found in
stool specimens from an additional six individuals collected as
part of a study examining household transmission of gastroen-
teritis (18). We report here the existence and overall phylogeny
of a diverse group of human cardioviruses and discuss their
potential association with human disease.

Results

Detection of a Cardiovirus in a Patient with Influenza-Like Hlness. A
total of 460 respiratory secretions from patients meeting a case
definition of influenza-like illness were screened for respiratory
viruses by culture. In 108 culture-negative specimens selected
from elderly and pediatric patients, 16 specimens remained
negative after subsequent RT-PCR testing for respiratory syn-
cytial virus (RSV), influenza. A/B (Flu A/B), rhinovirus (RV),

and enterovirus (EV), These 16 specimens were assayed for the
presence of viruses using the Virochip (Viro3), with microarray
analysis carried out using E-Predict and ranked z score analysis,
as previously described (12, 19).

Four of the 16 specimens yielded a positive microarray hy-

bridization signature suggestive of a virus. Two of the signatures
corresponded to metapneumovirus, one signature corresponded
to adepovirus, and one signature indicated the presence of a
cardiovirus related to TMEV. From the microarray containing
the-cardiovirus signature, the highest intensity oligonucleotides
mapped to the 5’-untranslated region (5’-UTR) and 2C gene of

_the TMEV genome, the 'most conserved regions among cardio-

viruses and picornaviruses in general (Fig. 14, “ARRAY”). To
recover viral sequence;, we designed primers based on the highest
intensity array fedtures:and alignment of well conserved se-
quences:from four cardioviruses (TMEV-DA, TMEV-GDVII,
Theiler-like- NGS8910 virus, and EMCYV). One set of primers
successfully amplified a 224-bp fragment from the viral 5’-UTR.

The fragment shared 90% nucleotide identity with the 5'-UTR -

region of Theiler-like NGS910 virus. This finding established
that the virus in question was indeed a cardiovirus and a relative
of the TMEV group of viruses. We designated this initial

'cardxovuus stram UCJ

Complete Genome Sequencing and Analysis of UC1. To clone and

" sequence the remainder of the UCl1 genome, additional short

fragments were first obtained from conserved regions in the 2C

{helicase) and 3D (polymerase) genes by use of consensus PCR

primers derived from alignment of the four cardioviruses men-
tioned previously. Long-range RT-PCR using specific primers was
then used to bridge the gaps. This resulted in PCR amphﬁcatlon of
two long overlapping fragments (=5.3 and 3.7 kB in size) jointly
spanning nearly the entire length of the virus genome (Fig. .14,
“RT-PCR”). Cloned ends -of the genome were recovered and
sequenced using a3 RACE amplification protocol (20, 21).

The nearly complete sequence of UC1 is 7961 nt in length and

forms a distinct branch in the Cardiovirus genus with Saffold
virus (Fig. 1B). The overall nucleotide identity to Saffold virus
i5.>90% in the 5'-UTR and the region coding for the nonstruc-
tural proteins but only 70% in the region coding for the capsid
proteins (Fig: 14, “Saffold”). There is much less overall nucle-
otide sequence xdennty to other members of the TMEV sub-

group (70-80%) and EMCV (50-55%). A poly(C) tract that has '

been reported in EMCYV but not in TMEV strains is not preseat
in the 5’-UTR of UCL. Similar to other cardioviruses, the ORF

- of UCt is predicted to code for a single 2296-amito acid

polyprotein that is subsequently cleaved into the L protein, the

Chiu et al.

Thetor.Uike NGI910

.03 nucioatide
abatedons

Fig. 1..  Genome sequence of UC1. (A) Genome sequence similarity plots

-compare UCt with Saffold virus, Theiler-Like NGS910 virus, TMEV-DA, TMEV-

GDWVII, Vilyuisk virus (partial sequence only), EMCV, and poliovirus. The y axis
scale for each plot represents percentage of nucleotide identities from 0% to -
100%. Regions of the genome with percentage of nuclectide identities of
>70% are highlighted in'pink. The Virochip oligonucleotides used to detect
UC1 ("ARRAY"), the fragments generated by long-range RT-PCR and used to
sequence most of the virus (“RT-PCR”), and the cardiovirus primers and
resulting PCR fragments used for screening of stool, CSF, and respiratory
secretions ("SCREENING") are also shown mapped onto the UC1 genome. The
sequences of these primers are provided in Table S1. (8) Radial tree depicts the
phylogenetic relationships between the genomes of UC1 and the seven
aforeméntioned cardioviruses.

capsid proteins (VP1, VP2, VP3, and VP4), and nonstructural
proteins involved in viral rephcatlon (2A,2B,2C,3A,3B,3C, and
3D) (Fig. 14). Like Saffold virus, UC1 encodes an L protein
containing a zinc finger, an acidic domain, and a partially deleted
Ser/Thr-rich domain (22, 23) and potentially encodes a severely
truncated L* protein that begins with an ACG codon rather than
AUG (22, 23) {supporting information (SI) Fig. S14].

. In cardioviruses, the surface loops CD of VP1 and EF of VP2
are exposed on the capsid surface and are thought to be involved
in host cell tropism and viral pathogenesis (24). These loops are

‘the regions of greatest dlvergenoe between UCI and the other

cardioviruses, including Saffold virus (Fig. S1B). Between UC1
and Saffold virus, there is 52% and 61% amino acid identity in
the exposed surface loops CD and EF, respectively. The corre-
sponding identities (20% and 24%) are much lower between
UC1 and the rodent mrdxovmxses

Comparison of UC1 Amino Acid Sequence with Other Cardioviruses.

“The level of divergence bétween the sequence of UC1 and other

ardxovxrus&s is'maintained at the amino acid level. Between UC1

PNAS | September 16,2008 | vol. 105 | no.37 | 14125
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Table 1. Amino acid identity of predicted UC1 proteins

Percent amino acid identity to

Gene Predicted size, aa Saffold NGS910 . Vilyuisk TMEV-DA EMCQV Polio
L protein 71 77 61 60 60 26 0
VP4 72 99 72 72 68 62 19
VP2 269 83 69 67 ral 64 30
VP3 231 85 80 76 75 68 28
VP1 275 7?7 56 55 59 48 14
Nonstructural 1389 98 91 83 40 22
Polyprotein 2296 91 76 -n 52 22

and Saffold virus, the capsid proteins VP1, VP2, and VP3 are only
77-85% identical, whereas the nonstructural proteins are highly
conserved (98% overall identity) (Table 1). The amino acid iden-
tities between UC1 and its closest rodent relatives (NGS910 virus
and TMEV) are much lower, 56-80% for the capsid proteins and
83-91% for the nonstructural proteins. These comparisons confirm
that UC1 is most closely related to Saffold virus, although there is
significant sequence divergence in the capsid protems containing
the putative receptor binding sites.

Prevalence of Cardlowruses in Clinical Specimens. To investigate the
prevalence of cardiovirus infection in acute human illnesses, we
designed PCR primers targeting the 5-UTR to amplify cardiovi-
ruses. by real-time one-step RT-PCR. In our initial screen, we ran
two RT-PCRs using conserved primers designed to amplify 102-bp
and 224-bp fragments from the 5'-UTR of UC1, Saffold virus, or
all mouse strains of TMEV. By probit analysis (i.e., the concentra-
tion of the target sequence testing positive in 95% of cases) using
in vitro transcribed UC1 mRNA, the sensitivity of the RT-PCR
assay for detection of cardioviruses was 600 copies. Standard curves
generated using pooled cardiovirus-negative specimens spiked with
UC1 mRNA were linear from 10* to 10" copies/ml (R? = 0.9831-
0.9944, Fig. S2). The presence of PCR inhibitors was estimated to
be <3% by yeast RNA spiking experiments on randomly selected
stool specimens (only 2 of 95 RT-PCRs failed to amplify the yeast
positive control). All positives in the initial screen were sequenced
and then further confirmed by another RT-PCR using primers
designed to amplify ‘an overlapping 608-bp fragment (Fig. 14,
“SCREENING”).

Since UCI1 was first identified in respiratory secretions, we
screened 719 respiratory specimens from two large groups of
patients: 278 nasopharyngeal aspirates from pediatric patients at
a single hospital (190 specimens from patients with an acute
respiratory illness) (13) and 441 pooled oropharyngeal and
nasopharyngeal swabs from individuals in California with influ-

Table 2. Patients with stool positive for cardioviruses

enza-like illness (25). None of the 719 total respiratory speci-
mens tested was positive for cardioviruses.

We next conducted screening of CSF specimens from patients
with aseptic meningitis (n = 60), patients with encephalitis (n =
300), and patients with MS (n = 40) for cardioviruses by
RT-PCR. None of the 400 CSF specimens tested was found to
be positive.

Given the prominent association of picornaviruses with en-
teric infection and the known fecal-oral route of transmission, we
then sought to assess the prevalence of human cardioviruses in
stool. We examined 751 stool specimens from 498 individuals
collected as part of a cohort study of household transmission of
Helicobacter pylori and gastroenteritis (18). The vast majority of
subjects were children, with 443.(89%) children younger than 5
years, 30 (6%) children between 5 and 18 years, and 25 (5%)
adults. Specimens from 6 children (1.2% of the 498-individuals)
were positive for cardioviruses (strains UC2-UC7). All cardio-
virus-positive stool specimens were from children <2 years old
and from different households. Symptoms in the 6 children
included diarrhea and vomiting in 3 (50%) and diarrhea only in
1 (17%); the remaining 2 children were asymptomatic. Of note,
from 2 of the symptomatic children, one with diarrhea and
vomiting and the other with diarrhea, a cardiovirus was identi-
fied not during acute illness but in a specimen obtained months
after each child had recovered.

To investigate the possibility of coinfection with addmonal
viruses, we used the Virachip (Virod) to- analyze ‘the nine
available specimens collected from the six cardiovirus-positive
cases (Table 2). As expected, all six cardiovirus-positive cases
were positive for a cardiovirus by Virochip. In three of the
cardiovirus-positive stool specimens, there was evidence of
coinfection: in two specimens by caliciviruses (norovirus and
sapovirus) and in one specimen by a rotavirus. In the other three
individuals, viruses other than cardioviruses were detected in the
stool at the time of the first visit (adenovirus, norovirus and
parechovirus, norovirus and enterovirus), but only cardiovirus

Clinical symptoms Virochip/PCR results
Age at first Number ill in Days between 10 days prior  Between visits
1D visit, months household visits 1 and 2 to visit 1 1and2 Visit 1 Visit 2
uQ2 8.4 Canoe — Diarrhea/ — Cardiovir(:s, rotavirus —_
vomiting -

ua - 61 15 139 . None none — . Cardiovirus, norovirus
uca 214 13 91 Nohe none Adenovirus Cardiovirus
ucs 16.3 . 6/6 95 Diarrhea/ none Norovirus, parechovirus Cardiovirus

' vomiting
uce . 14.0 15 — Diarrhea/ — - Cardiovirus, sapovirus —

! vomiting '

ucz 186 31 - 94 Diarrhea none Norovirus, enterovirus Cardiovirus

Dashes indicate entries for which data and/or specimens were not available.
14126 | www.pnas.org/cgi/doi/10.1073/pnas.0805968105 - Chiu et al.
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ucs Theiler-like NGS910 —

uc2 uct 0.02 nucleotide
ucs substitutions per site
B Thefler-like NGS910

uct i

uce . : 0,02 fucleotide
ucr ucs : substitutions pér site

Fig. 2.~ Strain variation of human cardioviruses. (4) Radial tree of a 608-bp
regionwi‘thln the 5'-UTR. (B) Radial tree of an 819-bp region corresponding to
the VP1 gene. Strain designations UC2 to UC7 correspond to'patients as listed
in Table 2. .

was d etqcted in the stool by the secand visit. All Vll'OChlp results

wer subsequently conﬁrmed by PCR and sequencing using

ific primers.

S sequence vanatlon within different cardiovirus
analyzed a 608-bp region from the 5’-UTR and an

cases (Fig. 2). The sequence variations within the
608—bp regxon “from the 5°-UTR. (2.0-9. 1%) and within ‘the
819-bp region corresponding to the VP1 gene (0.3-36.7%) were
consistent with infection by independently acquired cardiovirus
strains. The amino acid sequence identities ini the VP1 gene were
lowest between UC2/UCS and the other cardioviruses (66.9%
for Saffold \m'us n 0—72 8% for the other UC strains).

DISCUSSIOI’I :

. USmg a pan—vual uuaoarray, we ana!yzed 16 r&plratory specimens

from patiénts with influenza-like illness who still lacked a dxagnosxs
after extensive tests for respiratory virases. In one specimen, we
found a Signature for a cardiovirus. Sequence recovery of the
genome and phylogenetic analysis revealed that this virus (UC1)is
divergent from the rodent cardioviruses and clusters with the
Saffold agent. Like Saffold virus, UC1 may code for a truncated L*
protein (Fig. S14) that has been implicated in viral persistence and
chronic infection of the CNS il TMEV (26). However, because the
'L* protein of UC1 begins with an ACG codon rather than AUG,

-it is unclear.whether any functional protein is actually expressed,
although small amounts of L* protein have been detected in TMEV

strains carrying the ACG codon’ 7).

The bmdmg of sialic acid to TMEYV is strongly associated
with persxstence -and neurovirulence, and three amino acids in
the VP2 protein are directly involved in this interaction (28,
29). In both UCI and Saffold virus, there is a substitution or

-deletion at each of these three positions (Fig. S1B), suggesting

that sialic-acid is unlikely to serve as a receptor for these
viruses. Although the cellular receptor is presently unknown,
the sequerices of UC1 and Saffold virus are most divergent in
the capsnd region, sharing only 77% and 83% amino acid
identity in the VP1 and VP2 proteins, respectively, and 52%

Chiu et al.

correspondmg to the VP1 gene'’ ‘for the six positive -

and 61% identity in the exposed surface -loops CD and EF,
respectively. These differences may reflect the use of distinct
cellular receptors or may be the result of immune selection
during virus evolution (or both); further studies will be
required to shed light on these issues.

Cardioviruses were detected in six children out of a total of 498
individuals (1.2%) enrolled in a large gastroenteritis study.
Although the initial specimen that was used to culture Saffold
virus was collected >25 years ago, cardioviruses UC1 through
UCT7 were collected from 2000 to 2006, indicating that human
cardioviruses continue to circulate in the population. Despite the
use of screening RT-PCR assays able to detect all strains of
TMEYV, cardioviruses detected in human clinical specimens
clustered together and were phylogenetically distinct from the
rodent cardioviruses (Fig. 2).

Further studies will be required to define the pathogenic role
of cardiovirus infection in the intestine fully. Although we did
recover a cardiovirus from a number of cases with symptomatic
enteritis, other potential GI pathogens were also detected in -
these cases. Thus, it is presently unclear how frequently enteric
cardioviral mfectxon produces clinical iliness. Moreover, we
detected cardioviruses in stool from subjects without enteritis,
suggesting that asymptomatic shedding of cardioviruses in the GI
tract can and does occur. In this respect, cardiovirus infection in
humans may mimic that of murine TMEYV, which is often shed
asymptomatically in naturally acquired infections (30).

Cardiovirus infection outside the GI tract is sometimes asso-
ciated with severe disease in rodents, including encephalomy-.
elitis, demyelinating disease; and myocarditis (1), although only
a small percernitage of mice naturally infected with TMEV
develop systemic disease (1, 5). Our wider screening for cardio-
viruses indicates that cardiovirus infection is uncommon in the
setting of acute respiratory or neurological disease (e.g., aseptic
meningitis, encephalitis, MS). However, while this manuscript
was under review, Abed and Boivin (31) reported detection of -
Saffold-like cardioviruses in .three children with acute respira-
tory illness. Moreover, in a case of influenza-like illness reported
here, a cardiovirus was the sole agent identified despite com-
prehensive testing with culture, PCR, and a pan-viral microarray,
suggestmg that cardioviruses may be pathogemc outside the GI
tract in at least some instances.

One remarkable finding from this study was the diversity of
the human cardioviruses that have been identified. For the
family Picornaviridae, the definition of a new species in a

- genus is having <70% amino acid identity in the coding
regions of either VP1, 2C, 3C, or 3D (32). By this strict

definition, cardlovxruses uc2 and UC5 would classify as a
novel species distinct from Saffold virus, with 66.9% amino
acid identity in the VP1 gene. However, since: cardioviruses
UCI through UC7 and Saffold virus as a whole clearly define-
a separate group within the Cardiovirus genus by phylogenetic
analysis (Figs. 1B and 2), we propose a systematic nomencla-
ture for the human cardioviruses, designating all members of
this group HTCV, for human TMEV-like cardiovirus, and
referring to the strains in this group by a brief suffix (e.g.,
Saffold agent would be designated HTCV-Saf, UC1 would be
designated HTCV-UC1).

Several lines of evidence support the inference that HTCVs

- are bona fide human viruses and not the products of sporadic

viral cross-over events from rodents to humans: () all seven
cardioviruses from humans in this study are strains of HTCV;
with no mouse TMEV sequences detected in 1870 total clinical
specimens despite screening using two consensus PCR primer
sets designed to amplify UC1, Saffold virus, or mouse TMEV;
(i) sequence variations within HTCV UC1-7 are most consis-
tent with independent acquisition of different virus strains by
patients; and (iif) HTCV is substantially diverged from the
rodent cardioviruses, especially in the capsid region containing
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the putative receptor-binding sites. Taken together, our findings
indicate that HTCVs are novel human picornaviruses in the
Cardiovirus genus that are found primarily in the GI tract, can be
shed asymptomatically, and have potential links to self-limited
enteric disease and, rarely, to influenza-like illness. Although the
full spectrum of clinical diseases linked to HTCV and the
mechanisms underlying viral replication remain to be elucidated,
the studies reported here now open all these questions to direct
experimental scrutiny.

Materials and Methods

Clinical Spedimens. Respiratory secretions from the California Influenza Surveil-
lance Program study. A total of 943 respiratory specimens were sent to the
California Department of Health Services (DHS) during the 20052006 season
(25). Among these 943 specimens, 460 were pooled nasopharyngeal and
oropharyngeal swalbs collected as part of the California Influenza Surveillance
Program (CISP) study under protocols approved by the DHS. Patients enrolled
in the CISP study fulfilled a dlinical case definition of influenza-like iliness
(temperature of 37.8°C or greater and a cough andfor sore throat in the
absence of a known cause other than influenza). Sixty percent, or 280 speci-
mens, were positive for a virus by culture. Among the remaining 180 culture-
negative specimens, a subset of 108 specimens selected from elderly and
pediatric patients was then subjected to further screening by RT-PCR to
excude cases of RSV, Flu A/B, RV, and EV (33). Sixteen specimens negative by
culture and RT-PCR were then examined using the Virochip. We subsequently
screened 441 CISP specimens with remaining available specimen material
(96% of the 460 total collected specimens) for cardioviruses by RT-PCR.
Respiratory secretions from the UCSF pediatric respiratory infections study. This
collection consisted of 278 consecutive nasopharyngeal aspirates from pediatric
patients seen at UCSF from December 2003 to June 2004 {13). All specimens were
collected under protocols approved by the UCSF Institutional Review Board. in
this group, 190 of the patients (68%) had a respiratory illness, defined as an upper
respiratory infection, bronchiolitis, croup, asthma-exacerbation, or pneumonia.
The remaining 88 patients (32%) were asymptomatic.

Stool from the Stanford Infection and Family Transmission cohort. The Stanford
Infection and Family Transmission {(SIFT) cohort of 4333 individuals was initi-
ated in 1999 to evaluate the association between H, pylori infection and
gastroenteritis transmission prospectively (18). Among the 3063 subjects who
consented to further use of biological specimens, 774 stool specimens were
obtained from 514 individuals; of those, 751 specimens from 498 subjects were
available for study. Additional details on the 751 specimens screened for
cardioviruses by RT-PCR are described in S/ Text.

CSF specimens from p ts with asepti ingitis, encephalitis, and MS. A total
of 60 CSF specimens from patients with clinically diagnosed aseptic men-
ingitis, 300 CSF specimens from patients with encephalitis (who lacked a
diagnosis despite comprehensive testing) (34), and 40 CSF specimens from
patients with MS were screened for cardioviruses by RT-PCR. Specimens
were collected under protocols approved by the California DHS (enceph-
alitis specimens) or the UCSF Institutional Review Board (aseptic meningitis
and MS specimens).

Spedmen Preparation and Diagnostic Testing. In the CISP study, routine tube
cutture or shell vial culture of pooled nasopharyngeal and oropharyngeal
swab specimens foliowed by specific monoclonal antibody testing for viral
identification was performed as previously described (33, 35). Total nucleic
acid was then extracted from the specimens using the MasterPure Com-
plete DNA and RNA Purification Kit (Epicentre). Real-time one-step RT-PCR
assays for RSV, FluA/B, and picornavirus (inclusive of RV and EV) were then
performed as previously described (25, 33, 36). In the UCSF pediatric
respiratory infections study, 200-ul aliquots of nasopharyngeal lavage
were used to extract RNA using the RNeasy Mini Kit (Qiagen Corporation),
including on-column DNase digestion. In the SIFT cohort, stool was sus-
pended in 2 ml of PBS at.10% weight per volume and the PureLink36 Viral
RNA/DNA Kit (Invitrogen) was used to extract RNA for RT-PCR and Virochip
analysis. Cerebrospinal fluid specimens were processed using either a Zymo
MiniRNA Isolation Kit (Zymo Research) or the MasterPure Complete DNA

“and RNA Purification Kit.

Virochip analysis of CISP and SIFT specimens was carried out as previously
described (14). Extracted nudleic acid specimens were amplified and labeled
using a Round A/B protocol and were hybridized to the Virochip. Microarrays
{National Center for Biotechnology Information GEO platforms GPL3429 for
Viro3 and GPL6862 for Viro4) were scanned with an Axon 40008 scanner (Axon
Instruments). Virochip results were analyzed using cluster analysis, E-Predict,

14128 | www.pnas.org/cgi/doi/10.1073/pnas.0805968105

and z score analysis as previously described (12, 19, 37). All Virochip microar-
rays have been submitted to the GEO database (National Center for Biotech-
nology Information GEO series number GSE11569, accession numbers
GSM231246-GSM291254).

Complete Genome Cloning and Sequencing (UCt strain). Conserved primers
from the 5'UTR of cardioviruses were designed based on the highest
intensity microarray oligonucleotides and alignment of well conserved
sequences from four cardioviruses for which full genome sequences were
available: TMEV-DA, TMEV-GDVI, Theiler-like NGS910 virus, and EMCV.
After short viral fragments were obtained, six sets of specific primers
derived from sequenced fragments and conserved primers were then used
to sequence the genome by long-range RT-PCR and 5'/3' RACE (rapid
amplification of cDNA ends). Amplicons for sequencing were cloned into
plasmid vectors using.the TOPO TA Cloning System (Invitrogen) and se-
quenced on an ABI3130 Genetic Analyzer (Applied Biosystems) using stan-
dard Big Dye terminator (version 3.1) sequencing chemistry. The completed
genome sequence of UCt has been deposited into GenBank (GenBank
accession number EU376394).

Phylogenetic Analysis (UC1 strain). Nucieotide and protein sequences asso-
ciated with the foliowing reference virus genomes were obtained from
GenBank: Saffold virus (NC 009448), TMEV-DA (M20301), TMEV-GDVI!
(NC_001366), Theiler-like NGS910 virus {AB090161), EMCV (NC_001479),
poliovirus (NC.002048), and the partially sequenced genome of Vilyuisk
virus (M94868). For amino acid analysis, ORFs predicted using ORF Finder
(National Center for Biotechnology Information) were used. Multiple se-
quence alignment was performed using ClustalX (version 1.83). Neighbor-
joining trees using the Kimura two-parameter distance correction were
generated using 1000 bootstrap replicates and displayed using MEGA
{version 3.1). Sequence identities were calculated using BioEdit (version
7.0.9.0).

RT-PCR Screening for Cardioviruses. Real-time quantitative RT-PCR (QRT-PCR)
screening for cardioviruses with SYBR Green t (Invitrogen) was performed
using conserved PCR primer sets CardioUTR-1F/CardioUTR-2R-A and Cardi-
oUTR-1F/CardioUTR-2R-B (Table S1) on a DNA Engine Opticon System

'(Bio-Rad): To determine limits of sensitivity of the qRT-PCR assay, probit

analysis of results from 10 qRT-PCR replicates of eight serial half-log
dilutions of in vitro transcribed UC1 mRNA (from a starting concentration
of ~105 copies/ml) was performed using StatsDirect (StatsDirect Ltd.).
Standard curves of the qRT-PCR assay were calculated from 3 qRT-PCR
replicates of seven serial log dilutions of RNA extracted from pooled
respiratory secretions, stool suspensions, and PBS spiked with UC1 RNA (10
specimens per pool). To assess for the presence of PCR inhibitors, RT-PCR for
yeast was carried out on 95 randomly selected stool samples, each spiked
with 1 ng of in vitro transcribed Saccharomyces cerevisiae intergenic RNA
as a positive control (38).

Positive bands corresponding to the expected 102-bp and 224-bp amplicons
were cloned and sequenced in both directions using vector primers M13F and
M13R. Secondary confirmation of all positive reactions was performed using
RT-PCR with primers CardioUTR-1F and CardioUTR-3R (Table $1), which gener-
ated a larger 608-bp amplicon, also.in the 5'-UTR. To obtain the full sequences of
the VP1 gene in strains UC2 through UCZ, RT-PCRs were performed using con-
served primers flanking the VP1 region of UC1 and Saffold virus (Table S1). The
sequences of the 5'-UTR and VP1 amplicons corresponding to cardiovirus strains ]
UC2 through UC7 have been deposited in’ GenBank (accession numbers
EU604739-EU604750).

PCR Confirmation for Virochip-Positive Stool Spedmens. All nine specimens
collected from the six positive cardiovirus cases were analyzed using the
Virochip as previously described (11, 12). Confirmatory PCR for calicivirus,
adenovirus, and parechovirus was carried out using conserved primers as
previously reported (39-41). Amplified PCR bands of the expected size were
gel extracted and sequenced using standard BigDye chemistry on an ABI3130
(Applied Biosystems).
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