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viruses in blood donors in Canada, 1990–2000
Jo Anne Chiavetta, Michael Escobar, Alice Newman, Yaohua He, Pete Driezen, Shelley Deeks,
Devon Hone, Sheila O’Brien, Graham Sher
Abstract
Background: Since 1990, the Canadian Red Cross Society and
Canadian Blood Services have been testing blood donors for
hepatitis C virus (HCV) antibody and HCV nucleic acids and
have supplemented HIV antibody testing with p24 antigen
testing. We report trends in the incidence of blood-transmissible viral markers and estimates of the risk of undetected infection in donors over the last decade.
Methods: We extracted anonymous donor and blood-transmissible
disease information from the Canadian Blood Services National
Epidemiology Donor Database for 8.9 million donations from
2.1 million donors between June 1990 and December 2000.
The risk of transfusion-transmitted infection (or “residual risk”)
refers to the chance that an infected donation escapes detection
because of a laboratory test’s window period (i.e., the time between infection and detection of the virus by that test). We determined the probability of residual contamination of a unit of
blood after testing by using the incidence/window period
model, which is based on the incidence of infection in repeat
donors and the window period for each laboratory test. The viral markers evaluated in the study were HIV, HCV, hepatitis B
virus (HBV) and human T-cell lymphotropic virus (HTLV).
Results: Except for HBV, the transmissible-disease rates of the
other evaluated viruses decreased over the study period, with
less of a decrease for HTLV. In 2000, the transmissibledisease–positive rate per 100 000 donations was 0.38 for HIV,
16.83 for HCV, 12.40 for HBV and 1.77 for HTLV. The residual risk of HIV, HCV and HTLV decreased over the study period; the residual risk of HBV fluctuated throughout the decade.
The current residual risk per million donations is 0.10 for HIV,
0.35 for HCV, 13.88 for HBV and 0.95 for HTLV.
Interpretation: Except for HBV, the estimated risk of undetected
infection (residual risk) has decreased over time. The rates of
transmissible disease and the probability of undetected transmission of infection are at par with, if not lower than, those reported for other industrialized countries.
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easures to protect the blood supply from the
possibility of transfusion-transmitted infection
continue to be enhanced. Donor selection criteria and precautionary exclusions have been introduced to
protect against clinical and theoretical risks. In addition,

improvements in laboratory testing have reduced the risk
of transfusion-transmitted infection (Fig. 1).
With the continued decrease in the incidence of transmissible diseases in the blood supply, it is increasingly difficult to estimate the risk of transfusion-transmitted infection
directly. Mathematical models have been developed for this
purpose, including the incidence/window period model,7–12
which estimates “residual risk” per million donations. Residual risk is the chance that an infected donation will escape
detection because of the laboratory test’s window period7–9
(i.e., the time between first infection and when the viral load
becomes detectable by the test). Because the risk in each donated unit equals the risk in each transfused unit, the infection risk to the recipient is directly proportional to the number of unique donor exposures (i.e., transfused units).
Risk estimates based on the incidence/window period
model have been reported from many industrialized nations.7,13–19 In this article, we report trends in detected transmissible diseases between 1990 and 2000 and provide current estimates of residual risk of potentially undetected
infection in the blood supply for HIV, hepatitis C virus
(HCV), hepatitis B virus (HBV) and human T-cell lymphotropic virus (HTLV). This information is important for
determining the safety of blood transfusion and for accurately communicating known risks versus benefits of blood
transfusion as a clinical intervention.

Methods
We obtained data from the Canadian Blood Services National
Epidemiology Donor Database, which contains Canadian Red
Cross Society and Canadian Blood Services records of donors and
all donations made by each donor. These donors constitute about
75% of blood donors in Canada; the remainder are clients of
Héma-Québec. All personal identifying information was excluded.
The database currently includes records of 13.1 million donations made by 2.4 million blood donors who donated between
1987 and 2001. The data set we used for this study included 8.9
million donations from 2.1 million donors who donated between
June 30, 1990, and Dec. 31, 2000. For HCV, the study period began on May 1, 1992, when a second-generation enzyme immunoassay (EIA-2) for HCV was implemented owing to the low
sensitivity of the first-generation test (EIA-1). Only records for alCMAJ • OCT. 14, 2003; 169 (8)
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logeneic whole blood and apheresis donations were included in
the analysis.
Several generations and versions of laboratory tests were used
to screen donations during the study period. We determined window periods for each of these tests using information provided in
the test kit inserts and verified them by referring to existing literature on residual risk (Table 1).6,7,20–24 In general, estimates of window periods for HCV and HBV were derived from lookback
studies that analyzed information about the time between transfusion-related exposure and the development of a positive test result.9 Estimates of window periods for HIV were derived from
mathematical modelling of transfusion-transmitted infections resulting from HIV-seronegative units donated by people who subsequently seroconverted.26
For the purpose of analysis, all donors whose supplemental or
confirmatory test result following the initial screening test was
positive were considered to be positive for transmissible disease.
Transmissible-disease–positive rates, per 100 000 donations,

were calculated for the 4 viral markers as the number of donors
who tested positive divided by the total number of donations.
Rates were calculated separately for donations from first-time
donors and for donations from repeat donors, who presumably
were free of infection at the time of their previous donation. Incidence rates, per 100 000 person-years, were calculated using only
those repeat donors who made at least 2 donations within 3 years
during the study period. For all disease-negative donors, personyears were calculated as the sum of all interdonation intervals of 3
years or less within the study period. For confirmed positive
donors, person-years were calculated as the sum of all interdonation intervals of 3 years or less within the study period up to the
midpoint of the negative–positive interdonation interval. This assumes that seroconversion occurred at the midpoint between the
last negative donation and the positive donation. Linear trends in
transmissible-disease–positive rates and incidence rates over time
were tested using Poisson regression methods.
Approximate 95% confidence intervals (CIs) were calculated
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Fig. 1: Timeline showing when laboratory tests for various transmissible diseases were introduced by the Canadian Red Cross Society and Canadian Blood Services. Also shown are corresponding window periods (time between first infection and detection of viral
load by the test), residual risks (chance that an infected donation will escape detection because of the test’s window period) and risks
to recipients undergoing surgical procedures for each test. For hepatitis C virus (HCV), the EIA-1, EIA-2 and EIA-3 tests represent increasingly sensitive new-generation enzyme immunoassays. The tests for syphilis, human T-cell lymphotropic virus (HTLV) and
hepatitis B virus (HBV) have not changed over time in terms of sensitivity. Most recently, nucleic acid testing (NAT) for HCV and HIV
has been implemented. Note: HBsAg = hepatitis B surface antigen.
*The risk to recipients undergoing surgical procedures (median 2–4 red blood cell units per procedure).1–3 For nonsurgical procedures
(median 3–5 red blood cell units1), the risk to recipients is derived by multiplying the residual risk by the median number of red blood
cell units. The same calculation can be done to determine the risk to recipients per million transfusion episodes of platelets (median
5–8 units4) and fresh frozen plasma (median 4–6 units5). †Estimated based on the incidence rate for 1999–2000 and the HIV NAT
window period.6 ††Estimated using the HCV 3 window period and the HCV NAT incidence rate.
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for all incidence rates assuming that the number of donors who
tested positive followed a Poisson distribution, with rate proportional to the total period of observation (i.e., the total personyears at risk). When the number of incident cases was greater than
5, the CI was based on a logarithmic transformation, as shown in
the following equation:

Results

16.83 for HCV, 12.40 for HBV and 1.77 for HTLV. Fig. 2
shows the trends in disease-positive rates from 1990 to
2000 by donation status (first time or repeat). Except for
HIV in 1999–2000, the disease-positive rates were several
times greater among the first-time donations than among
the repeat donations.
Among the first-time donations, HIV-positive rates decreased significantly, from 9.6 per 100 000 in 1990 to 1.0
per 100 000 in 2000 (p = 0.008). In 1992, a new screening
test for HCV was introduced, accounting for the increased
HCV-positive rate observed between 1990 and 1993. By
2000, the HCV-positive rate had decreased significantly to
120.6 per 100 000 (p = 0.029). Unlike the HIV- and HCVpositive rates, no significant linear decrease was observed in
the HBV- and HTLV-positive rates (p = 0.39 and p = 0.52
respectively). HBV-positive rates peaked at 108.0 per 100
000 in 1997–1998 and declined thereafter.
Among the repeat donations, the HIV- and HBV-positive
rates remained low and relatively stable throughout the study
period (test for linear trend, p = 0.39 and p = 0.75 respectively). In 1999–2000, the disease-positive rates were 0.43
per 100 000 for HIV and 2.10 per 100 000 for HBV. However, significant declines were observed in the HCV- and
HTLV-positive rates (p = 0.002 and p = 0.034 respectively).
Much of the decline occurred by 1995–1996 for HCV and
by 1993–1994 for HTLV. In 1999–2000, the diseasepositive rates were 2.46 per 100 000 for HCV and 0.29 per
100 000 for HTLV.

Disease-positive rates

Incidence and current residual risk

In 2000, Canadian Blood Services collected 790 460
whole-blood and apheresis donations. Of these, 3 were
confirmed positive for HIV, 133 positive for HCV, 98 positive for HBV and 14 positive for HTLV. The transmissible-disease–positive rates per 100 000 were 0.38 for HIV,

Estimates of residual risk for each screening test were
based on the entire period during which the test was in use
(Table 1). With the introduction of HIV p24 antigen testing, the residual risk of HIV decreased from 0.38 per million donations to 0.24 per million. When anti-HCV EIA-3

exp[ln(cases) ± 1.96 1/cases ]
person− years
When the number of incident cases was fewer than 5, the exact
CI was calculated using the lower and upper limits as stated in
Rosner27 divided by total person-years.
The residual risk of transfusion-transmitted infection per million donations was calculated for each viral marker as the product
of the incidence rate and the length of the window period (in
years). An approximate 95% CI for the residual risk was calculated by multiplying the end points of the CI for the incidence
rate by the end points of the window period.7
Finally, because HBV infection may not always be detected by
hepatitis B surface antigen (HBsAg), we adjusted all HBV incidence rates to account for this “transient antigenemia” using a
method described by Schreiber and colleagues7 and Korelitz and
colleagues.25 Adjusted incidence rates were calculated by multiplying the crude rate by 1/[0.05 + (0.70 × T)], where T, the probability of detecting HBsAg, is estimated by dividing the duration of
transient antigenemia (63 days) by the observed median interval
between donations for all HBV incident cases.

Table 1: Estimated residual risk during the period in which each screening test was in use

Virus; test
HIV
Anti-HIV-1 / anti-HIV-2
Anti-HIV-1 / anti-HIV-2
with p24 antigen
HCV
Anti-HCV EIA-2
Anti-HCV EIA-3
Anti-HCV EIA-3 with HCV NAT
HBV
HBsAg
HTLV
Anti-HTLV-I / anti-HTLV-II

Residual risk
per million donations
(95% CI)

Window period,
d (range)

No. of
incident
cases

No. of
person-years

Incidence rate
per 100 000
person-years

22 (6–38)6,7,20

13

2 034 394

0.64

0.38 (0.05–1.03)

7

1 284 391

0.55

0.24 (0.03–0.62)

82 (54–192)7,21
66 (38–94)7,22
19 (10–29)23

25
23
3

1 294 422
994 164
222 169

1.93
2.31
1.35

4.34 (1.93–15.04)
4.18 (1.60–8.97)
0.70 (0.08–3.13)

59 (37–87)7,22

113

3 318 742

5.27

8.52 (4.44–15.11)

51 (36–72)7,24

16

3 318 784

0.48

0.67 (0.24–1.42)

16 (8–24)6,7

Note: CI = confidence limit, HCV = hepatitis C virus, EIA = enzyme immunoassay, NAT = nucleic acid testing, HBV = hepatitis B virus, HBsAg = hepatitis B surface
antigen, HTLV = human T-cell lymphotropic virus.
*Adjusted for transient antigenemia using the methods described by Schreiber and colleagues7 and Korelitz and colleagues.25
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(CI 0.04–1.57), as indicated in the online web table. As a result of the changing incidence of HBV and a constant window period, the residual risk of HBV fluctuated throughout
the study period, peaking during 1993–1994 and 1999–2000
at 13.93 and 13.88 per million donations respectively. For
HTLV, the very small number of cases overall suggests that
the current risk of HTLV in the blood supply can be no
greater than the upper limit of the 1999–2000 CI of 1.64
per million. Because there were no HTLV incident cases in
1999–2000, the estimate of 0.95 per million donations in
1997–1998 is used to estimate current risk.
The introduction of NAT has had an effect on residual
risk and risk reduction (Table 2). Because NAT for HIV
was introduced only in 2001, we did not estimate its effect
on the residual risk of transmitting HIV in this study. Instead, we projected the residual risk by using data from
current tests and the HIV NAT window period. Results
indicate that the recent availability of NAT could reduce

90–92

TD-positive rate per 100 000 donations
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testing was introduced, the residual risk of HCV decreased
from 4.34 per million to 4.18 per million. A greater reduction was observed when HCV nucleic acid testing (NAT)
was introduced: with both the anti-HCV EIA-3 and the
HCV NAT, the risk was 0.70 per million, or a sixth of the
risk during EIA-2 testing. Risk estimates for HBV and
HTLV are based on the entire 10-year study period because the screening tests did not change during this time.
When we examined the data by 2-year intervals over the
study period, we found that the residual risk of HIV infection decreased from 1.43 per million donations in
1990–1992 to 0.10 per million in 1999–2000 (a table showing the incidence rates and residual risk of transfusiontransmitted infection by 2-year intervals is available with the
online version of the article [www.cmaj.ca]). Overall, the
residual risk of HCV infection also declined over time, although an increased risk was observed in 1995–1996, which
coincided with the introduction of EIA-3 testing for HCV;
enhanced detection may have been responsible for this increase. There were 21 cases of HCV in 1995–1996: 7 occurred in 1995 and 14 in 1996. Thus, the increase in resid-
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Fig. 2: Incidence rates of HIV, HCV, HBV and HTLV markers per 100 000 first-time and 100 000 repeat donations, 1990–2000.
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the residual risk of HIV and HCV infection by about 30%
and 70% respectively. Based on a prediction for HBV
NAT, with a window period of 49 days,20 the residual risk
would be reduced from 13.88 per million donations to
11.53 per million.

Undetected infection in first-time donors
Although unknown, the rate of undetected infection
among first-time donors has been estimated to be about
twice the rate among repeat donors.13,20,28 Because first-time
donors accounted for 13% of all donations during the
study period, the overall incidence of HIV and HCV during 1999–2000 may have been as high as 0.25 and 0.76 per
100 000 person-years respectively (i.e., overall incidence =
[0.13 × 2 × incidence rate among repeat donors] + [0.87 ×
incidence rate among repeat donors]). Therefore, the residual risks of HIV and HCV during 1999–2000 may have increased from 0.10 to 0.11 per million donations and from
0.35 to 0.40 per million respectively.

Risk to transfusion recipients
Because the residual risk of transmissible infection in
each donated unit equals the risk in each transfused unit,
the risk of infection increases with the number of units
transfused. About 6% of all inpatients receive at least 1
unit of blood.1 Red blood cells constitute at least 95% of
all transfusions given.29 Examples of the possible increase
in risk to recipients by the median number of units of red
blood cells given are listed in Fig. 1. These extrapolations
do not apply to fractionated products, which are heat or
detergent treated, or to recombinant coagulation factor
products, which do not pose a risk of transfusion-transmitted infection.

Interpretation
Over the last decade, although HBV rates have remained
relatively constant, disease-positive rates, incidence rates
and residual risks of HIV and HCV have decreased, and af-

Table 2: Estimated reductions in residual risk following the introduction of nucleic acid testing (NAT)
Pre-NAT window
period, d

Pre-NAT residual
risk per million
donations

NAT window
period, d

Post-NAT residual
risk per million
donations

HIV

16

0.10

116

0.07†

31.2

HCV
HBV

66
59

2.44
13.88

1923
4920

0.70*
11.53†

71.2
16.9

Viral marker

Reduction in
residual risk, %

Note: Abbreviations defined in Table 1.
*For HIV and HBV, the residual risk is projected using estimates from 1999–2000.
†For HCV, the residual risk is based on actual data from NAT testing and use of the NAT window period.

Table 3: Comparison of incidence rates per 100 000 person-years and residual risks per million donations among selected
countries for the most recent periods reported
HIV*

Country (reporting period)
Canada (1999–2000)‡
United States — Retrovirus
Epidemiology Study (1991–1998)30
United States — American Red
Cross (2000–2001)13

Incidence rate
per 100 000
person-years

HCV*

Residual risk
per million
donations

HBV*†

Incidence rate
per 100 000
person-years

Residual risk
per million
donations

Incidence rate
per 100 000
person-years

Residual risk
per million
donations

8.59

13.88

0.22

0.10§

0.67

0.35¶

2.32

1.40

3.22

6.17

1.55

0.47§¶

1.89

France (1998–2000)

1.21

0.73

Spain (1997–1999)19

3.23

1.95

Italy (1994–1999)17
Italy (2000)18

4.06
4.20

2.45
2.50

14

10.02

16.20**

0.52¶

3.02

4.88

0.64

1.16

1.39

2.13

3.70

6.69

8.36

13.51

2.41
2.90

4.35
5.50

9.77
–

15.78
–

Note: Abbreviations defined in Table 1.
*Unless otherwise indicated, the residual risk estimates for HIV are based on the window period for anti-HIV-1 and anti-HIV-2 testing, estimates for HCV are based on the window period for
EIA-3 testing, and estimates for HBV are based on the window period for HBsAg testing.
†Unless otherwise indicated, all HBV incidence estimates are adjusted for transient antigenemia according to the methods described by Schreiber and colleagues7 and Korelitz and colleagues.25
‡Based on 1999–2000 estimates. Excludes data from the province of Quebec.
§Based on the window period for HIV antibody and p24 antigen testing.
¶Based on the NAT window period.
**Adjusted for transient antigenemia according to the methods described by Wright and colleagues.31
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ter an initial reduction HTLV rates have remained low and
unchanged. The decrease in HIV- and HCV-positive rates
suggests that donor education and screening may have been
effective.
The incidence/window period model assumes infectivity of the virus throughout the window period, an assumption that, if invalid, could result in an overestimate
of risk of transfusion-transmitted infection. On the other
hand, the risk could be underestimated because of possibly undetected viral variants, immunosilent infections or
laboratory error.
We compared our residual risk estimates with estimates from other countries that used the same incidence/window period model (Table 3). Our 1999–2000
risk estimate for HIV using the window period for p24
antigen testing is less than 0.10 per million donations; the
American Red Cross, the only other blood service using
p24 antigen testing, found a residual risk of 0.47 per million donations. Our HCV risk estimate of 0.35 per million donations, with HCV NAT in place, is lower than
the American Red Cross risk estimate of 0.52 per million.
The elevated rates in the United States may be a result of
greater prevalence of some transmissible diseases. For example, according to a United Nations report,32 the proportion of people with HIV/AIDS in the United States is
twice that in Canada (0.6% v. 0.3%). The difference in
residual risk between the 2 countries could also be attributed to the role of universal health care coverage in
Canada, which allows ready access to testing for transmissible diseases. Our adjusted HBV risk of 13.88 per million
donations is similar to other adjusted estimates, except for
those of the American Red Cross (4.88 per million) and
those from France (2.13 per million). Our estimate of the
residual risk of HTLV of 0.95 per million donations falls
between those of the American Red Cross and France for
a similar period.13,14
Is our blood supply as safe as it can be? We conclude
that it is as safe as state-of-the-art methods in industrialized
countries allow. However, we cannot say that a zero-risk
blood supply has been achieved here or elsewhere. The
current risk of transfusion-transmitted infection attributable to repeat donors is extremely low, with an estimated
per-unit risk of 1 in 10 million for HIV, 1 in 3 million for
HCV, 1 in 72 000 for HBV and 1 in 1.1 million for
HTLV. Despite advances in testing, it remains critically
important to maintain a rigorous donor selection process.
Appropriately focused donor education regarding inclusion
and exclusion criteria together with state-of-the-art testing
have brought us to the current level of safety.
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Canadian Medical Association

Association médicale canadienne

2004 Special Awards — Call for Nominations

Prix spéciaux pour l’an 2004 — Appel de candidatures

The Canadian Medical Association invites nominations for the
2004 special awards.
•
•
•
•
•
•

Medal of Honour
F.N.G. Starr Award
Medal of Service
May Cohen Award for Women Mentors
Sir Charles Tupper Award for Political Action
Award for Excellence in Health Promotion

Refer to the “Awards from CMA” section on cma.ca for detailed
criteria on each of the awards or contact the awards co-ordinator
at 1 800 663-7336, ext. 2280.
Nominations should be submitted in writing to:
Chair, Committee on Archives
c/o Committee Co-ordinator
Corporate Affairs
Canadian Medical Association
1867 Alta Vista Drive
Ottawa, ON K1G 3Y6

L'Association médicale canadienne sollicite des candidatures à
ses prix spéciaux pour l'an 2004.
• Médaille d’honneur
• Prix F.N.G. Starr
• Médaille de service
• Prix May-Cohen pour femmes mentors
• Prix Sir-Charles-Tupper d’action politique
• Prix d’excellence de l’AMC en promotion de la santé
Voir «Prix et distinctions de l’AMC» sur le site amc.ca pour les
critères détaillés de chaque prix ou contacter la coordonnatrice
des prix au 1 800 663-7336, poste. 2280.
Les candidatures doivent être soumises par écrit au :
Président, Comité des archives
a/s Coordonnatrice des comités
Affaires générales
Association médicale canadienne
1867, promenade Alta Vista
Ottawa (Ontario) K1G 3Y6
Les candidatures doivent être présentées au plus tard le

Closing date for receipt of nominations is Nov. 30, 2003.
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