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Table 1 Laboratory codes and assay protocols used by participants

Table 2 Estimated 1U/ml (log, ) from quantitative assays

Laboratery code Method Type
1 Roche COBAS TagMan HBV test with Quantitative
use of HPS viral nucleic acid kit
2A Artus HBV LC PCR kit Quantitative
28 In-house real-time PCR Quantitative
3A Roche COBAS AmpliScreen HBV test Qualitative
38 In-house real-time PCR Qualitative
3C In-house real-time PCR Qualitative
4 In-house real-time PCR Quantitative
5 In-house PCR Qualitative
Qualitative

Roche COBAS AmpliScreen HBV test

PCR, polymerase chain reaction; HBV, hepatitis B virus.

In-house assay details for the following Jaboratories; 2B, the assay was based
on a previously published amplification méthod [6] targeting the H8s gene
with detection using the Roche LightCycler; 3B, qualitative real-time PCR
assay amplif\}ing the core region of the HBV genome with detection using
the Roche LightCycler; 3C as for 3B, with an initial ultracentrifugation step
prior to extraction; 4 real-time PCR amplifying the X region of the HBV
genome [7} and detection using the Roche LightCycler; 5, qualitative PCR
assay amplifying the HBV core region and detection using capillary
electrophoresis.

Results.

For the analysis of the results, a code number was allocated
at random for each laboratory (Table 1}, and does-not reflect
the numbers assigned to laboratories that participated in the
original collaborative study to establish the I' IS (97/746).
Where individual laboratories returned data from more:than
one assay method, or repeat assays by different operators,
the results were analysed separately, and referred to as, for
example, laboratories 3A and 3B. Each participating laboratory
performed four separate assay runs on the two preparations
as requested in the study protocol. The types of assays used
by participants are recorded in Table 1; these cover a range
of in-house (1 = 5) and commercially available tests (n = 4).
Where they have been disclosed, details of the assay and region
of the HBV genome amplified are indicated (Table 1). Three
laboratories (1, 2A, 2B, and 4) returned data from quantitative
assays, with results expressed in IU/ml. All calculations
were based on the estimates of log,, TU/ml, to give overall
mean figures for each laboratory. Three laboratories (34, 3B,
5 and 6] returned data from end-point dilution series,
produced using qualitative assays. These were analysed to
determine the polymerase chaih reaction {PCR}-detectable
units/ml for each sample, using the statistical methods

described in the publication of the original collaborative -

study to establish the 1°'IS for HBV DNA [1].
The estimated IU/ml, {log,y) from the quantitative assays
and PCR-detectable units/ml (log,)) from the qualitative

© 2008 The Authorf(s)

Laboratory Sample .
number Sample 1 Sample 2
1 599 597

2A 608 599

2B 6:06 592

4 594 586
Mean’ 6-00 593

*Results combined for laboratory 2 to give asingle mean prior to calculating
overall mean of laboratories.

Table 3 Estimated polymerase chain reaction (PCR)-detectable units/ml
(log,) for qualitative assays

Laboratory Sample

number Sample 1  Sample 2

3A 648 658

38 690 668

3C 656 6-35

5 649 625
6-59

6 651

7

assays are shown in Tables 2 and 3, respectively. For both
quantitative and qualitative assays, the results for Samples 1
and 2 are extremely close. For the quahtitative assays,
combining the results from laboratory 2 to give a single
laboratory mean, the overall estimate for.the 1 IS, Sample 1,
is 6-00 log,, TU/ml, exactly the assigned unitage, and 5-93
log,, IU/ml for Sample 2. If the results of the assays from
laboratory 2 are considered separately (2A and 2B), then the
overall means are 6-02 and 5-94 log,, TU/ml for Samples 1
and 2, respectively. There is also very close agreement between
the results from the individual laboratories. One set of results
submitted by laboratory 3C was returned as crossing point
(Ct) values; these were not included in the main analysis,
as it was not possible to convert them to either IU.or PCR-
detectable units. However, these results were in line with all
other assay methods (i.e. demonstrating equivalence of

-Samples 1 and 2). Calculating the pairwise difference in

log,, estimates between Samples 1 and 2 for each laboratory
that provided quantitative data, there was a small, but
marginally significant (P = 0-044) difference of 0-08. When
the results from laboratory 2 are combined to give a single
laboratory mean, the difference between Samples 1 and 2
is similar (0-07), but no longer significant. Laboratory 4 also
measured the Eurohep reference sample R1. Samples 1 and
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Table 4 Estimated IU/mi (log,,) for accelerated degradation samples

Sample
Storage
temperature Sample 1 Sample 2
-20°C . 602 592
4°C 592 591
20°C 594 603

The accelerated thermal degradation samples were stored at 4 °C and 20 °C
for a period of 51 and 56 months; these samples were compared to vials of
97/746 that were stored continuously at -20 °C. Four vials of each sample
stored at 4 °C and 20 °C were analysed on four separate occasions, each
sample extract was tested in triplicate on each occasion. The data were
pooled for the two different storage times and mean values shown for the

. estimated {Ufml “0910)

2 were originally prepared from R1 following a 1 in 500
dilution in human plasma. The titre of R1 was determined to
_-be8-731og,, IU/ml, which is in very good agreement with the
expected titre of 8-70'log,, IU/ml. The difference between
" Samples 1 and 2 was not significant when estimates from
all 1aboratories were included. This was the case whether
treatmg the different assay methods of laboratory 3 as three
separate laboratories (P = 0-099) or" combmmg their
estlmates into a single laboratory mean (P =0-124).

Stability studies

Atotal of four separate assay runs were performed byasingle
- laboratory. The overall méan estimated I/l (tog,,) for the
_ different samples and storage temperatures are shown in
‘Table 4. From analysis of the raw data, no dégradation was
evident for any of the test samples when compared with
baseline samiples stored:at -20 °C; as a consequence the
results were combined for the samples stored for 51 months,
“-and those stored for 56 months. The results summarized
in Table 4 clearly demonstrate that no degradation has

" - occurred. Performing a formal significance test, there was no
significant difference in estimated IU/ml across the temperatures

= for either sample. It should be noted that the formal test
allowed for any possible differencés between the samples
stored for 51 months and those stored for 56 months. It is not

possible- to obtain precise predictions of expected loss per-

year, because no observed ‘degradation has taken place and,
‘thus, it-was not possible to’ apply the Arrhenius model of
-accelerated degra'dation'[s 9]. However, if it were assumed
that the degradatlon rate would double with every 10°C
increase in storage: temperature, ‘the lack of any detectable
. degradation at 20 °C-for over 4 years would equate to no

- detectable degradation at -20 °C for 64 yéars. Real-time

~stability, of the 15IS (Sample 1) and Sample 2, as effectively

detemined in the present collaborative study, indicates no
loss of potency of these two preparations since time of
manufacture, as evidenced by the values reported by the
participants.

Conclusions

The results of this collaborative study are in good agreement
with the results of the original study [1]. Using only the
results of the quantitative assays, which are expectéd to be
more precise than the qualitative assays, there was a difference
of around 0-07 to 0-08 log,, between the estimated IU/ml for
the 1 IS and the candidate replacement, Sample 2. If assays
from two differing methods used by laboratory 2 are
treated as if from separate laboratories, this difference is

.marginally significant (P = 0-044). However, if the results

for laboratory 2 are first combined, the difference is no longer
significant. Including the results from all participants, using both
quantitative and qualitative assays, there is no significant
difference between the 1° IS and the candidate replacement,
Sample 2: This lack of significant difference is in contrast to a
recently completed study to establish the 3" 1S for hepatitis
C virus (HCV) RNA [10]. Here two lyophilized  prepara-
tions, derived from the same bulk, were evaluated by 33
laboratories that calibrated them against the 2™ HCV.IS,

using a wide range of commercial and in-house: quantltatwe

and quahtatlve assays. The relative potericies of the two new
,lyophxhzed HCV RNA preparatxons were - 5:19 and 541

log,, IU/ml, while the unprocessed bulk’ material had a
relativé potency of 570 log,, IU/ml. These differences ir
relative potencies between the two lyophilized HCV RNA
preparations were statistically significant (P < ‘0-00‘01),' with
a clear loss of potency on processing. This is in contrast to the
HBV study presented here. From the original collaborative
study and data from this new study, there is no significant
difference between the potencies of the two HBV DNA

“Samples 1 and 2, nor was there any detectable loss of titre

of the preparations following lyophilization [1].

“The results of the accelerated degradation studies have also
demonstrated that both Samples 1and 2 are extremely stable
and suitable for long-term use, with no detectable degradation
for either prepatation after storage at 20 °C for more than
4 years. This stability is in contrast to the 1'and- 2" IS for
HCV RNA (96/790 and 96/798, réspectively). which showed
an average decrease of log,, 1-9 for samples stored at 20 °C
for more than'5 years [11): This difference in the observed
stability may be due to the nature of the viral nucleic acid,

“which in the case of HBV is DNA, in contrast to the RNA
. genome of HCV, which- is likely to be more unstable and

susceptible to-degradation. However, it is possible that
further unknown factors influence the stability.. =

On the basisof this study, Sample 2 (97/750) was established
as thie 2" IS for HBV DNA for NAT-based assays by the WHO

© 2008 The Author{s)

" Journal compilation © 2008 Blackwell Pub]lshmg Ltd., Vor Sanguinis (2008)

38




Replacement WHO International Standard for HBV DNA NAT-based assays 5

ECBS in October 2006. This preparation has a potency of
10° JU/ml. Each vial contains the equivalent of 0-5 m} of mate-
rial, and the content of each vial is 5 x 10° [U per vial. Vials
of 97750 are available from NIBSC.
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Strong Association between Tattoos and Hepatitis C Virus Infection: A
Multicenter Study of 3,871 Patients
E. J. BinP°; S. Dhaila’; C. T. Tenner?; A. Aytaman’ N. B. Shukia®; G. Villanueva®;
G. Punla’; C. Patterson?; J. Comas®
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Background: Although injection drug use and blood transfusions prior to 1992 are
" well-accepted risk factors for hepatitis C virus (HCV) infection; the evidence for
- tattoos as a risk factor for HCV is conflicting. Furthermore, several prior studies
that have évaluated tattoos as a risk factor for HCV.infection were potentially
. confouided by injection drug use. The aim of this study was to determiné’the -
.associatlon between tattoos and HCV infection’in a large population of patients
without traditional risk factors for HCV infection:” : - i™
Methods' Patients with ctironic HCV infection (HCV RNA posltive) and controls
S (HEV: antlbody negative) completed a detalled questionnalre at the time of their _
" -scheduled visit to the outpatient primary. care or GI' clinic at 3 study sites, Data.
‘collected included patient demographics and information on HCV risk factors. -
Results- A'total of 3,871 patients were enrolled, incduding 1,930 with chronlc HCoV
infection and\1,941 HCV negative controls. Theré were no differences in the mean
-age (55.2 % 9.0 vs. 55.6 £ 11.3 years, p.=.0.34) or the proportion ‘who wereé.
male (80.3% vs. 81.4%, p = 0.39) between HCV-infected patients and controls.
.. However, HCV positive patients were more likely to be. radal/ethmc minorities
- © . (78.5% vs: 56.5%, p <0.001). As -expected, injection- drug use (65.9%-vs. 17, 8%
oo : - p <0.001) and blood transfusions prior to 1992 (22.3% vs. 11.1%, p-<0.001)
were more common in HCV-infected patients: than in control subjects.. Patlents with
HCV Infection were significantly more likely to have had one or more tattoos .
(35.2% vs. 12.5%; OR = 3.81; 95% CI, 3.24 — 4.49; p <0.,001) and this
Aremained highly significant aner adjustment for age, sex; and racelethnicity (OR =
4.57; 95% C1, 3.83.— 5.45; p <0.001). After excluding all patients with a history:
" of ever injecting drugs and those who have had-a blood transfusion prior to 1992,
-a total .of 1,887 subjects remained for analysis (466 HGV positive and 1,421
controls) Among these 1,887 patients without traditional risk factors for HCV ~
infection, we found that HCV positive patlents were stifl stgniﬁcantty more likely to
‘have a-history of tattoos (34.1% vs. 11.9%; OR = 3.84; 95%.CI, 2. 99— 4,93 p
<0.001)and this remained highly statistically signiﬁcant after adjustment for age,
sex, and race/ethnicity (OR = 4.47;'95% Cl, 3,42 - 5.83; p <O0. 001). :
‘Conclusions: Tattoos are strongly associated with, H(.V Infectson, even. among
those without traditional HCV risk factors such as lnjectlon drug use and: blood
:.ttansfusitms. All patients with tattoos should be oﬁ‘ered HCV testing '
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Hemodialysis patients are at increased risk of
hepatitis C virus (HCV) infection. The aim of
this study was to investigate a HCV outbreak
in a hemodialysis unit using epidemiological
and molecular methods. Between April 2003
and October 2003, anti-HCV seronconversion
was detected in four patients attending the
unit. These cases were added to 10 patients
already anti-HCV positive upon admission in the
unit. All 14 anti-HCV patients were tested for
HCV RNA and HCV genotype. NS5B and HVR1/
E2 genomic regions were amplified and
sequenced in all HCV RNA positive patients and
phylogenetic analysis was performed. Further-
more, clinical-epidemiological records obtained
from all patients were examined. All four patients
newly infected harbored genotype 2c. Genotype
2¢ was also detected in 2 of 10 patients already
anti-HCV positive upon admission. Phylogenetic
analysis showed that all newly HCV infected
patients harbored very closely related viral iso-
lates that clustered together with the 2¢c isolate
found in one of the two 2c¢ chronic infected
patients. All HCV-2¢ infected patients had no
other risk factors except hemodialysis. Three of
four newly HCV-2c infected patients and the
one HCV-2c chronically infected involved in
the outbreak received dialysis on the same day
and same shift but used different machines.
The remaining HCV-2c newly infected patient
and one of the above cited three received
dialysis on the same day during different shifts
but used the same machine. The outbreak
was probably due to breaks of infection con-
trol procedures although a related-machine
transmission cannot be excluded in one of
the cases. J. Med. Virol. 80:261-267, 2008.
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INTRODUCTION

Patients on hemodialysis are recognized as a group at
increased risk of infection with hepatitis C virus (HCV).
The prevalence and incidence of HCV infection among
patients receiving hemodialysis varies widely between
countries and also within the same country [Fabrizi
et al., 2002]. In Italy, the prevalence of HCV among
hemodialysis patients ranges between 10% and 50%,
and the incidence is around 1-2 cases per 100 person-
years [Petrosillo et al., 2001; Di Napoli et al., 2006].

The risk of HCV transmission by blood transfusion
to patients receiving hemodialysis has been consider-
ably reduced since screening of blood donors for
HCV antibodies (anti-HCV) was introduced and re-
combinant erythropoietin for treatment of anemia
became available [Di Napoli et al., 2006]. However,
HCV transmission in hemodialysis units still occurs,
and occasionally it is responsible for large outbreaks
[Le Pogam et al., 1998; Delarocque-Astagneau et al.,
2002; Fabrizi et al.,, 2002; Kokubo et al, 2002;
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Savey et al., 2005]. Several studies, by using molecular
biology techniques, provided evidence of a nosocomial
patient-to-patient mode of transmission in most of
these HCV infection occurring in hemodialysis settings,
despite rigorous preventive measures [Le Pogam
et al., 1998; Delarocque-Astagneau et al., 2002; Kokubo
et al., 2002; Savey et al., 2005]. Important risk factors
for acquiring nosocomial HCV infection in patients on
hemodialysis seems to be particularly a longer duration
of hemodialysis, a high HCV prevalence in the unit and
a low personnel/patient ratio (<1/3 or at least 1/4)
[Petrosillo et al., 2001}.

However, the exact mechanisms of the patient-
to-patient transmission of HCV within hemodialysis
units have not been clearly identified and they may be
different in relation to the different policies followed in
each hemodialysis unit for the management of patients
[Petrosillo et al., 2001; Fabrizi et al., 2002]. Most authors
currently believe that most cases of HCV patient-
to-patients transmission can be attributed to lack of
implementation of or breaks in infection control pro-
cedures [Le Pogam et al., 1998; Petrosillo et al., 2001;
Delarocque-Astagneau et al.,, 2002; Fabrizi et al.,
2002; Kokubo et al., 2002; Savey et al., 2005]. The
possibility of HCV transmission between patients
through the dialysis machines is controversial. How-
ever, this possibility cannot be entirely excluded
especially in case of contamination of internal compo-
nents of the machine not accessible to routine disinfec-
tion, and in the hemodialysis units in which the
disinfection of the machines between treatments is
not routinely performed or those in which dialysers and/
or dialysis tubing sets are reused [Le Pogam et al., 1998;
Delarocque-Astagneau et al., 2002; Fabrizi et al., 2002;
Savey et al.; 2005]).

This study describes an outbreak of acute HCV type 2¢
infection involving four patients attending an out-
patient hemodialysis unit in southern Italy. Molecular
analysis of viral isolates in association with an epide-
miological investigation was performed to trace the
source and the possible routes of transmission of HCV
during this outbreak.

PATIENTS AND METHODS
Hemodialysis Setting and Procedures

At the time of the outbreak, the unit consisted in a
room with 8 dialysis inachines in which 32 outpatients
regularly underwent maintenance hemodialysis three
times weekly (Monday-Wednesday-Friday or Tuesday-
Thursday-Saturday) on 1 of the 2 shifts per day (either
morning or evening shift). Thus, every machine was
used by two persons per day. Normally patients were
dialysed on the same shift, but not always on the same
machine. No dedicated areas or machines or personnel
were used for HCV infected patients. Hemodialysis
was carried out using’Hospal-INTEGRA® dialysis
machine. The machines were disinfected with chlorine
dioxide ISTRUMET, Hospal®) between each shift and
dialysers and tubing sets were disposable and were
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never reused. Two nurses took care of eight patients in
each shift, but they could also move from patient to
patient if needed. No multidose vials were used among
patients.

HCV Infection Monitoring

_HCV infection was monitored in all dialysis
patients by performing testing for serum alanine amino-
transerase (ALT) monthly and for anti-HCV upon
admission and then every 6 months. Anti-HCV test
was also performed in case of ALT elevation. Prior to the
beginning of the outbreak, the prevalence of anti-HCV
among the 32 patients attending the unit was 31.2%
(10 patients).

Case Definition, Case Finding
and Data Collection

During the routine screening for HCV infection
conducted from April 2003 to October 2003 four incident
cases of HCV infection were identified in the unit. That

the four cases had occurred in a relatively brief period -

of time led to suspect a nosocomial outbreak. A potential
outbreak case-patient was defined as any patient who
had showed seroconversion between October 2002 and
October 2003 and who had received dialysis in the unit
at least 6 months before the detection of the first
seroconversion case.

Since in the unit, at the time of the outbreak, the
monitoring of HCV infection was based on the detfection
of anti-HCV only, to identify retrospectively other
cases of new infections and the potential source of the
outbreak on June 2004 blood samples for anti-HCV and
HCV RNA testing were obtained from all the patients
who had received dialysis in the unit since April 2002
and from all their household contacts. All healthcare
workers employed in the unit underwent periodical
testing for blood-borne viruses. A blood sample was also
obtained from the one healthcare worker (a doctor) who
was known to be anti-HCV positive.

From the medical records, kept constantly for all

" patients, data on medical and dialysis history, blood ;
transfusion, recent surgical, or medical invasive pro- *

cedures, intravenous drug use and other parenteral
exposure, such as tattoos and piercing, were obtained.
Furthermore, the dialysis schedule (day and shift)
seating arrangements, type of vascular access, type of
dialyser membrane, hemodialysis machine, bleeding
episodes, nurse-patient assignment, dialysis equipment
maintenance as well as infection control measures were
all recorded.

Virological Analysis

‘The seroconversions of the patients involved in the
outbreak were detected during the routine screening for
anti-HCV performed in all patients attending the unit.
In the unit, anti-HCV antibodies were detected by using
a third generation enzyme immunoassay (Cobas Core
Anti-HCV EIA II, Roche Diagnostic Systems, Basel,





