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BACKGROUND: A possible breach of the transducer protector in
specific dialysis machines was reported in June 2004 in British
Columbia (BC), which led to testing of hemodialysis patients for
hepatitis C virus (HCV), hepatitis B virus (HBV) and HIV. This test-
ing provided an opportunity to examine HCV incidence, prevalence
and coinfection with HBV and HIV, and to compare anti-HCV and
HCV polymerase chain reaction (PCR).

METHODS: The results of hemodialysis patients who were dialyzed
on the implicated machines (65% of BC dialysis patients), and tested
for HCV, HBV and HIV, between June 1, 2004, and December 31,
2004, were reviewed and compared with available previous results.
RESULTS: Of 1286 hemodialysis patients with anti-HCV and/or
HCV-PCR testing, 69 (5.4%) tested positive. Two HCV genotype 4
seroconversions were identified. HCV incidence rate on dialysis was
78.8 cases per 100,000 person-years. Younger age, history of renal
transplant and past HBV infection were associated with HCV infec-
tion. No occult infection was identified using HCV-PCR.
INTERPRETATION: Hemodialysis patients had three times the
HCYV prevalence rate of the general BC population, and more than
20 times the incident rate of the general Canadian population. One of
the two seroconversions occurred before the testing campaign; the
patient was likely infected during hemodialysis in South Asia. The
other was plausibly a late seroconversion following renal transplant in
South Asia. Nosocomial transmission cannot be ruled out because
both patients were dialyzed in the same centre. Baseline and annual
anti-HCV testing is recommended. HCV-PCR should be considered
at baseline for persons with HCV risk factors, and for returning travel-
lers who received dialysis in HCV-endemic countries to identify HCV
infection occurring outside the hemodialysis unit.
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Prévalence et incidence du virus de
I’hépatite C chez des patients hémodialysés
en Colombie-Britannique : Conséquence
possible d’un bris d’hémodialyseur

HISTORIQUE : On a signalé un bris possible du protecteur du
transducteur de certains appareils 2 dialyse en juin 2004, en Colombie-
Britannique (C.-B.), ce qui a forcé la réalisation de tests de dépistage du
virus de I'hépatite C (VHC), du virus de 'hépatite B (VHB) et du VIH
chez les patients hémodialysés. Ces tests ont permis de mesurer I'incidence
et la prévalence du VHC, du VHB, du VIH et des co-infections, et de
comparer les résultats du dépistage des anticorps anti-VHC et de la
recherche du VHC par RCP (réaction en chaine de la polymérase).
METHODES : Selon le cas, les auteurs ont passé en revue et comparé
avec des résultats antérieurs les résultats des patients hémodialysés au
moyen des appareils en cause (65 % des patients dialysés en C.-B.) qui ont
subi des tests de dépistage du VHC, du VHB et du VIH entre le 1°7 juin et
le 31 décembre 2004.

RESULTATS : Parmi les 1 286 patients hémodialysés ayant subi des tests
de dépistage des anticorps anti-VHC et/ou du VHC par RCP, 69 (5,4 %)
ont obtenu des résultats positifs. Deux séroconversions au génotype 4 du
VHC ont été recensées. Le taux d’incidence du VHC sous dialyse a été de
78,8 cas par 100 000 années-personnes. Un lien a été établi entre un age
moins avancé, des antécédents de transplantation rénale et d’infection au
VHB et l'infection au VHC. Aucune infection occulte n’a été relevée par
la recherche du VHC au moyen de la RCP.

INTERPRETATION : Les patients sous hémodialyse ont présenté un
taux de prévalence du VHC trois fois plus élevé que dans la population
générale de la Colombie-Britannique et 20 fois plus élevé que dans celle du
Canada. Cune des deux séroconversions est survenue avant la campagne de
dépistage. Ce patient a probablement contracté son infection lors d’une
hémodialyse subie pendant un séjour en Asie du Sud. Lautre s’explique
probablement par une séroconversion tardive suivant une greffe rénale
également subie en Asie du Sud. La transmission nosocomiale ne peut étre
écartée parce que les deux patients étaient dialysés au méme centre
hospitalier. On recommande un dosage des anticorps anti-VHC au départ
et annuellement. Il faut envisager le dépistage du VHC par RCP au départ
chez les personnes exposées a des facteurs de risque a I'égard de ce virus et
chez les sujets qui reviennent de I'étranger aprés avoir regu des traitements
de dialyse dans des pays ou sévit le VHC, afin de diagnostiquer l'infection
au VHC contractée a I'extérieur de I'unité de dialyse.

Prolonged vascular exposure puts hemodialysis patients at
increased risk of infection by blood-borne pathogens,
including hepatitis B virus (HBV), hepatitis C virus (HCV)
and HIV, from contaminated devices, equipment and supplies,
environmental surfaces or attending personnel (1). Several
studies (2-4) have reported nosocomial transmission of HCV
in hemodialysis units by breaches in infection control practice
and/or contamination of dialysis machines.

HCV infection has approximately 75% probability of becom-
ing a chronic infection (5). Chronic HCV infection causes pro-
gressive liver disease leading to cirrhosis, end-stage liver disease
or liver cancer in 15% to 25% of patients (6,7). A reactive
antibody to HCV (anti-HCV) test indicates a present or past
infection, whereas a reactive HCV polymerase chain reaction
(PCR) test determines an active infection by detecting the pres-
ence of HCV-RNA in the blood. Chronic HBV infection is less
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common than HCV in hemodialysis units (8-11) due to routine
screening, vaccination programs, infection control measures for
HBV (12,13) and higher rates of viral clearance.

In June 2004, hemodialysis sites in British Columbia (BC)
reported a possible breach of the transducer protector in the
disposable blood tubing set of a particular brand of hemodialy-
sis machines that may have led to cross-contamination among
hemodialysis patients. This will be referred to as ‘the event'.
Consequently, all patients in BC who received hemodialysis
with the implicated brand of machine between December 2003
and June 2004 were encouraged to receive HCV, HBV and
HIV testing.

Anti-HCV tests may not accurately reflect true HCV status
due to delayed or blunted seroconversion in the immunode-
pressed (14,15); a delay of up to 18 months has been reported
in dialysis patients (16-18). HCV RNA is detectable in serum
by PCR within two weeks of infection; it disappears if the
infection resolves spontaneously and persists in chronic infec-
tions (15). Thus, HCV-PCR testing can distinguish resolved
infections from active infections, as well as detect HCV RNA
preseroconversion (16). Therefore, HCV-PCR testing was recom-
mended in addition to HCV antibody testing in this population.

Subsequent testing and comparison with previous results
allowed the authors the opportunity to describe HCV incidence
and prevalence in the present cohort of hemodialysis patients.
The objectives of the retrospective analysis were as follows:

e To estimate the incidence rate of HCV infection in a
hemodialysis population;

e To estimate the prevalence of HCV infection and HCV
coinfection with HBV and HIV in a hemodialysis population;

e To describe demographic characteristics of individuals
infected with HCV; and

e To determine whether HCV-PCR testing identifies HCV
infections not detected by anti-HCV testing.

METHODS

Study population

Data were obtained from the BC Centre for Disease Control
(BCCDC) and the BC Provincial Renal Agency central data-
base for patients who used the implicated hemodialysis machines
between December 2003 and June 2004. The sample represented
65% of all hemodialysis patients in BC. The combined database
included all corresponding HCV (anti-HCV and HCV-PCR),
HBV (hepatitis B surface antigen [HBsAg], anti-HBs and anti-
body to hepatitis B core total [anti-HBcT]) and HIV test results.
Patient characteristics such as sex, date of birth, location of
dialysis treatment, date of dialysis initiation and date of kidney
transplant(s), if applicable, were included. An additional vari-
able — time on dialysis up to January 1, 2005 — was created to
categorize patients to one of three groups (less than two years,
two to four years and five years or more) to compare with the
only other Canadian study (19) that researched on the preva-
lence of HCV within a dialysis setting. Age on January 1, 2005,
was used to classify cases for analysis.

Laboratory methodology

Samples were screened for anti-HCV by AxSYM HCV 3.0
(Abbott Diagnostics, Canada) and confirmed using the Ortho
Vitros Ecl (Ortho-Clinical Diagnostics, Canada). Only samples
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reactive on both enzyme immunoassay tests were considered
reactive. If only one assay was reactive, results were considered
equivocal. HBsAg, anti-HBcT and anti-HBs were performed
by AxSYM, and reactive HBsAg specimens were confirmed by
neutralization. HIV status was determined by screening for
anti-HIV using the AxSYM HIV-1/2 gO assay (Abbott
Laboratories, Canada) and reactives confirmed by Western
blot. Active HCV infection was assessed by HCV RNA detec-
tion by the qualitative Roche COBAS AMPLICOR HCV
Test, version 2.0 (Roche Diagnostics, Canada) using a dedi-
cated EDTA specimen obtained from a peripheral vein before
hemodialysis, and the results reported as per the manufacturer’s
instructions. Individuals who displayed initial equivocal sero-
logical results underwent additional follow-up and confirma-
tory testing to define their true clinical status. Individuals
whose sole marker for HBV infection was a reactive anti-HBcT
test result, and had a subsequent nonreactive anti-HBcT result
were considered to be anti-HBcT nonreactive.

Statistical analysis
To calculate the incidence rate per person-years, the number of
seroconverters was divided by the summed total time between
the start of dialysis and the last negative test; or for those who
seroconverted, the time from initiation of dialysis to the mid-
point of their negative-to-positive HCV test was used. OR and
corresponding 95% Cls of the different patient characteristics
were calculated using univariate %2 tests. P<0.05 was considered
to be statistically significant. SPSS version 14.0 (SPSS Inc,
USA) was used for all analyses.

Ethics approval was obtained from the University of British
Columbia’s (Vancouver, British Columbia) Clinical Research
Ethics Board.

RESULTS

In total, 1286 patients who received hemodialysis on the impli-
cated machines between December 2003 and June 2004 were
tested for HCV (either anti-HCV or HCV-PCR) at BCCDC;
1206 patients (93.8%) were tested during the recommended
testing period of June 1, 2004, to December 31, 2004 (Figure 1).
Of the total, 769 (59.8%) had their first available HCV test
result before commencing dialysis; 329 (25.6%) had their first
HCV test result after starting dialysis but before the event and
188 (14.6%) had their first HCV test result after the event. The
average time between the dialysis start date and the first HCV test
for those who underwent a HCV test after starting dialysis was
1.83 years.

The mean age was 63 years and 59.4% were men (Table 1);
the average length of time on dialysis was 2.76 years. One hun-
dred forty-four patients (11.2%) had received at least one kid-
ney transplant, and 36 (25%) of these had their first transplant
before 1992 (ie, before routine HCV testing of blood and blood
products). The results of the univariate analysis by HCV infec-
tion are shown in Table 1. Younger age was significantly associ-
ated with HCV status, and history of transplant was strongly but
not significantly associated. Time on dialysis and geography —
defined as the location of the health authority in which hemodi-
alysis is being received — were not associated with HCV
status.

The overall prevalence of HCV infection on initial HCV
testing in the present cohort was 67 of 1286 (5.2%). Based on
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Figure 1) Flow chart of hepatitis C virus (HCV) test results for
1286 patients receiving hemodialysis on the implicated brand of
machines between December 2003 and June 2004. PCR Polymerase
chain reaction

serial retesting of this cohort, two individuals seroconverted
while on dialysis (HCV incidence rate on dialysis was
78.8 cases per 100,000 person-years), and six lost antibodies
to HCV. One individual had received a transfusion and dialy-
sis in South Asia and had a documented seroconversion
before the event. The other had a renal transplant in South
Asia but was seronegative before the event; no previous
HCV-PCR result was available to exclude late seroconver-
sion. Both seroconverters were HCV genotype 4, which is
rare in BC (less than 1%), and both received hemodialysis at the
same centre. Further typing found the same banding pattern on
the VERSANT HCV Genotype 2.0 Assay (LiPA) (Bayer
Healthcare, Canada). All six individuals who demonstrated
antibody loss, were previously anti-HCV-reactive, with subse-
quent negative or weakly reactive antibody tests and negative
HCV-PCR tests. One had a previous positive HCV-PCR test,
and one had multiple reactive anti-HCV tests before becom-
ing seronegative.

The results of the HCV tests performed during 2004 are
displayed in Table 2. HCV-PCR did not identify any new
patients who tested anti-HCV negative. Of the 35 patients
who tested anti-HCV positive and had an HCV-PCR test,
31 (88.6%) tested HCV-PCR positive. In total, 54 (4.4%) had
a positive anti-HCV and/or HCV-PCR test during the period.
Of the 58 who were not tested during this period, eight
(13.8%) had previously tested anti-HCV positive.

Not all 1286 patients in our HCV-tested cohort underwent
complete HBV and HIV serological testing. Of the 1199
(93.2%) who also had an HBsAg test, 24 were HBsAg reactive
(Table 3). Three (4.6%) of the 65 HCV-positive patients tested
were HBsAg positive; all three were HCV-PCR positive.
Twenty-six of the HCV-reactive patients were found to have
serology indicating previous HBV infection (anti-HBcT react-
ive, but HBsAg negative). Those with previous HBV infec-
tions were more than five times more likely to be infected with
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TABLE 1

Frequencies and ORs of hepatitis C virus (HCV) test
results (by patient characteristics) of the cohort receiving
hemodialysis on the implicated brand of machines
between December 2003 and June 2004

Anti-HCV and/or

HCV-PCR
Total Positive  Negative
(n=1286) (n=69) (n=1217) OR 95%Cl P
Sex, n (%)
Men 764 (59.4) 48(6.3) 716 (93.7) 1.00 -
Women 522 (40.6) 21(4.0) 501 (96.0) 0.63 0.37-1.06 0.08

Mean age + SD, 63.1+15.8 52.8+11.9 63.7+15.8 0.96 0.95-0.98 <0.01
years
Health authority, n (%)

Interior 123 (9.6) 6(4.9) 117 (95.1) 0.97 0.39-2.42 0.96
Fraser 520 (40.7) 26 (5.0) 494 (95.0) 1.00

Vancouver 213 (16.7) 10(4.7) 203 (95.3) 0.94 0.44-1.98 0.86
Coastal

Vancouver 314 (24.6) 21(6.7) 293(93.3) 1.36 0.75-2.46 0.31
Island

Northern 108 (8.5) 5(4.6) 103 (95.4) 0.92 0.35-2.46 0.87

Time on dialysis, n (%)

<2 years 578 (44.9) 30(5.2) 548(94.8) 1.00 - -
2-4 years 576 (44.8) 32 (5.6) 544 (94.4) 1.08 0.64-1.79 0.78
25 years 132 (10.3) 7 (5.3) 125(94.7) 1.02 0.44-2.38 0.96
Transplant, n (%)

Yes 144 (11.2) 13(9.0) 131(91.0) 1.92 1.03-3.61 0.04
No 1142 (88.8) 56 (4.9) 1086 (95.1) 1.00 - -

PCR Polymerase chain reaction

HCV compared with those without a history of HBV infection.
Only two of the 1164 individuals were HIV reactive; neither
was coinfected with HCV.

DISCUSSION

Despite modern infection control policies (20,21), hepatitis
transmission is still reported in hemodialysis centres (22,23).
All hemodialysis units in BC follow formal infection control
policies (24), which recommend anti-HCV testing before
dialysis initiation and every six months thereafter. Despite
these policies and the known higher HCV prevalence in the
hemodialysis population, 40% were not tested for anti-HCV
until after dialysis had been commenced, and 36.4% were
tested only after the event occurred.

Two patients showed HCV seroconversion during the testing
period — one patient seroconverted before the event and the other
received a renal transplant in South Asia in the past year, but was
seronegative before the testing campaign. Late seroconversion
remains a plausible but unconfirmed explanation. Because both
patients dialyzed in the same hemodialysis centre, nosocomial
transmission cannot be ruled out. However, no other transmission
of HBV, HCV or HIV was identified in any site.

The prevalence of HCV in this hemodialysis population is
5.2%, which is consistent with reports from Alberta (6.5%) (19)
and other developed countries (25). This is higher than the
general Canadian population prevalence of 0.8% (5,26), and the
BC population prevalence of 1.5% (Dr Krajden, personal com-
munication). HCV incidence on dialysis (78.8 per 100,000 person-
years or 0.08 per 100 person-years) was more than 20 times higher
than the general Canadian population incidence rate of 3.2 cases
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TABLE 2

Hepatitis C virus test performed between January 1, 2004,
and December 31, 2004, of the cohort receiving
hemodialysis on the implicated brand of machine from
December 2003 to June 2004

TABLE 3
Frequencies and ORs of hepatitis C virus (HCV) test

results (by hepatitis B virus and HIV test results) of the
cohort receiving hemodialysis on the implicated brand of
machine from December 2003 to June 2004

Polymerase chain reaction

Antibody Positive  Negative No test peformed Total %

Positive 31 4 5 40 3.3

Negative 0 896 105 1001 815

Equivocal/weakly 0 17 0 17 14
reactive

No test performed 14 156 NA 170 13.8

Total, n (%) 45 (3.7) 1073 (87.4) 110 (9.0) 1228 -

NA Not applicable

per 100,000 person-years (5), but lower than European and
Japanese rates reported in hemodialysis populations (0.4 per
100 person-years to 2.59 per 100 person-years) (27-29).

We found that younger age, history of transplant and history
of past HBV infection were associated with HCV infection
(19,30,31). Contrary to reported literature, the time on dialysis
in our study was not significantly associated with HCV infection
(19,30,32-35). No data were available on transfusion history or
lifestyle behaviours, including substance abuse, which are known
to be risk factors for HCV infection (19,25,30,32,34,35). HIV
was not prevalent in this hemodialysis population (0.2%
infected), and there were no HCV patients coinfected with HIV.
The proportion of patients with active HBV infection and cleared
HBV infection was 2.5 and 3.7 times, respectively, higher in
patients with HCV antibodies. This higher rate of HBV infection
is not surprising because both viruses share similar routes of trans-
mission, and coinfection is more common among people who
have a high risk for parenteral infections (36-40).

The present study did not identify any patient with HCV-
PCR who had tested anti-HCV negative, which is contrary to
the findings of some studies (16,18,30,32,41). Possible reasons
could include lower prevalence of immunosuppression (hence
delayed antibody development), lower HCV incidence (lower
probability of patient tested during serological ‘window per-
iod’) or other differences in population characteristics. The
results from the present study suggest that routine testing for
HCV-PCR in anti-HCV-negative hemodialysis patients in BC
is unnecessary.

We found that only 8.1% of patients who were identified to
be anti-HCV positive were HCV-PCR negative. This is much
lower than the rate of spontaneous clearance of HCV in
immunocompetent populations of 15% to 25% (5). This could
in part be due to their immunocompromised status; however, it
is also likely to be an underestimate because hemodialysis
patients may lose their HCV antibodies, as demonstrated in the
present study (8.9% had signs of antibody loss) and others (42).

There are a few limitations of the present study. First, our
sample consisted of only those patients who were dialyzed on
the implicated machines. However, 65% of all patients in BC
are dialyzed on these machines, machine use is facility- rather
than patient-specific and the machines are used in every health
authority. Therefore, we consider the results to be generalizable
to BC’s hemodialysis population. Second, testing for HCV,
HBV and HIV, although recommended to all, was voluntary.
Patients known to be previously reactive may not have been
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Anti-HCV and/or

HCV-PCR
Total Positive Negative OR  95% ClI P

HBsAg (n=1199) n=65 n=1134

positive, n (%) 24 (2.0) 3(46) 21(1.9) 257 0.75-8.83 0.14

HBCT (n=1174) n=67 n=1107

positive, n (%) 170 (14.7) 29 (44.6) 141 (12.9) 5.45 3.24-9.17 <0.01

HBcT-positive 149 (12.8) 26 (40.0) 123 (11.2) 5.27 3.10-8.96 <0.01
and HBsAg-
negative, n (%)

HIV (n=1164) n=64 n=1100

positive, n (%) 2(0.2) 0(0.0) 2(0.2) NA NA -
HBCcT Hepatitis B core total; HBsAg Hepatitis B surface antigen; NA Not applica-
ble; PCR Polymerase chain reaction

retested for that particular virus. However, if they were tested
for any one of HCV, HBV or HIV, previous results for all three
viruses were obtained. Third, although all HCV-PCR tests and
95% of anti-HCV tests in BC are performed at BCCDC, and
any reactive anti-HCV is reportable, negative antibody tests
performed at other sites may not have been forwarded. This,
however, represented a small number of anti-HCV tests.

SUMMARY

The current study presents a retrospective analysis of the testing
results collected as part of the management of patients following a
possible breach in a specific brand of dialysis machines. Of the two
patients who acquired HCV on dialysis, one seroconverted during
the breach event. We found a threefold increased prevalence and
more than 20-fold higher incidence of HCV in this population
than the general population, consistent with other published
reports. Given the HCV prevalence and the potential for new
transmissions and outbreaks to occur in dialysis units, the current
BC recommendations of baseline and six-month anti-HCV test-
ing are reasonable. However, we found low adherence to these
policies. There was no evidence of HCV seroconversion in dialysis
units outside of the breach event; although the prevalence of
HCV in the dialysis population is higher than the general popula-
tion, it is less than 6%. Therefore, we do not recommend isolation
of HCV patients; this follows the recommendations of the Centers
for Disease Control and Prevention (24). Routine use of HCV-
PCR testing in this low-risk population is not recommended;
however, we recommend that HCV-PCR testing should be per-
formed on all anti-HCV-reactive patients to establish whether the
infection is chronic and, thus, if the patient is infectious. HCV-
PCR should also be considered at baseline for persons with HCV
risk factors and for returning travellers receiving dialysis or renal
transplant in HCV-endemic countries to identify occult and
newly acquired infections. This can distinguish HCV infection
occurring outside the hemodialysis unit and address concerns
when annual testing identifies seroconversion or when enhanced
testing occurs due to a potential outbreak.
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