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2.3 DETERMINING PLAUSIBLE RANGES FOR POINT ESTIMATES
OF MODEL OUTPUTS .

For all three models, there was uncertainty about the actual values for many of the parameters.
However, the degree of imprecision varied across the mode} parameters. Some were known with
rejative certainty (e.g. the number of units of blood components administered)_and others were
derived though indirect methods sometimes involving speculative assumptions.

Therefore, to better reflect the uncertainties involved and to provide plausible limits around our
point estimates, we subjected all three models to Monte-Carlo simulation. This involves
assigning a frequency distribution for each model parameter which is not precisely known and
camying out a large number of iterative calculations of model outputs using values of the model
parameters sampled according to their frequency distribution. For this purpose, we used
commercial software (Crystal Ball, Version 4.0, Decisioneering, Inc, Aurora, Colorado, USA)
and performed 10,000 iterations for each output. :

The values for the plausible range for each parameter were based on a review of al] data taking
into account its precision, the laboratory and sampling methods used and the representativeness
of the population studies. A summary of the point estimates and plausible range used for all
model parameters is shown in A10. ‘
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3. RESULTS
3.1 MODEL 1 OUTPUTS

The summary results of Model 1 are shown in Table 1. A total of 122,500 persons were infected
with HCV through transfusion in Canada from 1960 to 1992: 920 persons were infected in 1990
to 1992, 15,700 from 1986 to 1990 and 105,900 from 1960 to 1985. The total number of HCV-
infected recipients alive as of mid-1998 was 34,800 of whom 450 were infected in 1990-92,
6,600 in 1986-90 and 27,700 in 1960-85. Mortality in this population was substantial since less
than 30% of HCV-infected transfusion recipients (34,800 of 122,500) are alive as of mid-1998.
The numbers of infections in each of the three periods is shown in the lower right-hand comer of
Table 1 in Column 6. The proportion of persons infected according to the period of infection is
shown at the bottom of Column 7: 1.3% of HCV-infected persons living as of mid-1998 were
infected in 1990 to 1992, approximately 19% for the period 1986 to 1990 and 80% for those
infected in 1960 to 1985. The distribution of HCV-infected and surviving recipients is presented
in Figure 5.

Table 2 shows the calculation of the most likely number of recipients who received blood and in
the right columns of the table, those surviving to 1998 (using the overall survival probabilities
for all transfusion recipients as indicated in Section 2.2.1.6 above). Using the range of 6 to 7
units, a plausible range for the mean number of units received, we observed that approximately
2.3 to 2.7 million Canadians living as of mid-1998 were transfused at some time in their life.

Figure 4 shows the distribution by age and sex of HCV-infected transfusion recipients as of mid-
1998. Compared to the distributions of transfusion recipients, the age is shifted to the right and,
due to their lower mortality, HCV-infected women predominate even more than for recipients as
a whole.

Table All shows, as an example, the worksheet for 1984 from which the data were incorporated
into the final summary sheet shown in Table 1. As seen in Table Al 1, the analysis was carried
out by five-year age strata for males and females separately. The same per-unit risk of HCV as
indicated on the bottom of the table was used for all age strata as was the correction factor for
multiple exposures. The respective proportions surviving to mid-1998 are shown in Column 6 to
obtain the final number of HCV-infected persons surviving to mid-1998 (Column 7) and then
summed for both men and women across all ages. The final adjustment for unit-specific
survival, as discussed in Section 2.2.1.6 above, is indicated at the bottom.

Column 6.of Table 2 indicates the humber of HCV-infections among transfused persons who
were not infected by transfusion by year of transfusion. In all, based on the analysis in Mode} 1,
we estimate that 21,600 persons were in this category.
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3.2 MODEL 2 RESULTS

As noted above, Model 2 attempts to estimate the number of persons infected by HCV through
blood by first estimating the number of HCV infections and then the proportions of HCV.
mfected persons who were infected through blood transfusion. The output is shown in Table 3.

Overall, we estimate that approximately 0.8% of Canadians are infected with HCV. , for a total
240,000 persons. Of these, 155,000 are male and 85,000 female. The highest rates, and the
greatest proportion of those infected, are in the age group 20 to 39: 144,000 or 60% of all
infected persons were in this age category.

Overall, we estimate from this model that 36,000 persons were infected by HCV through blood
transfusion. This includes persons infected before 1960 and since 1992. Neither of these are
likely to be very important because of the low incidence of HCV transmission by blood since
1992 and the low proportion of persons surviving who were infected before 1960.

From the outputs from Model 2, an estimated 204,000 people were infected through other
sources. Based on a lifetime transfusion rate of 12%, approximately 24,000 persons would be
infected by HCV and transfused but not infected by transfusion.

3.3 MODEL 3 RESULTS

The results of the estimation based on Model 3 are shown in Table 4. From this calculation, we

observe that approximately 3.0 million persons in Canada have received a transfusion in Canada.

This is slightly higher than the 2.3 to 2.7 million estimated from Model 1, but within the same
order of magnitude. Based on estimate of an HCV prevalence of 2.0% among transfusion
recipients alive as of mid-1998, 64,400 transfusion recipients are infected with HCV.

Based on the (imprecise) assumnption that 70% were infected from transfusion and 30% from
other causes, 45,000 recipients were infected through transfusion and 19,300 from other causes.
3.4 SUMMARY OF FINDINGS

A summary of the three model outputs including the plausible range generated by the Monte-
Carlo simulation is shown in Table 6. The outputs for Model 1 by year of transfusion are
presented in Table 7. '
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4. DISCUSSION

A modelling exercise involving three different approaches to estimate the number of persons
infected by HCV through blood transfusion in Canada yielded an overall estimate of 34,800
persons, of whom 27,700 were infected from 1960 to 1985, 6,600 from 1986 to March 1990 and
about 450 from April 1990 to March 1992. In addition to these persons infected by transfusion,
an additional approximately 22,200 persons were HCV-infected and transfused but not infected
through transfusion.

We believe that Model 1 provides the most plausible estimates of the extent of HCV
transmission by blood in Canada, both because of the simplicity of the theoretical model used
and the relative precision of the parameter values available. With the data available to the
Working Group at present, Models 2 and 3 could not provide a truly independent estimate since,
for each of these models, one of the two principal parameters was not known and could not be
estimated with precision. Nevertheless, both Models 2 and 3 added useful information about the
distribution of blood transfusion and about the epidemiology of HCV in Canada. They also lent
some credence to the results of Model 1 since the values for the parameters which generate
comparable results were plausible.

There are a number of important limits to our study. For many of the parameters used in our
models, data for Canada for the period of study were not available. Therefore, indirect methods
had to be used to derive these parameters based on expert opinion, studies from other places at
other times and on general principles. To deal with the uncertainty around each of the
parameters, we used Monte-Carlo simulation to obtain a range of plausible estimates around the
point estimates presented in our study.

We carried out our analysis of HCV transmission and survival of HCV-infected recipients from
1960 to 1992. The estimated number of persons infected in 1960 and surviving to 1998 was not
negligible (about 340 persons). Applying a back-projection to estimate cases for the period 1950
to 1959 would add approximately 2,000 additional HCV-infected persons surviving to 1998.

In addition to the uncertainty around several of the parameters used in the model, we were
obliged by the limited data available as well as limited time allotted to this study to make a
number of assumptions. For the purposes of Model 1, we assumed that the number of units
received did not vary by age or sex. This assumption is supported by the study of Chiavetta (2)
which showed approximately equal mean number of units for each of the age strata presented, at
least for red blood cells in the Toronto region in the late 1980’s. We also assumed that the
distribution of units received according to age and sex and also the overall proportions for each
number of each of the levels of transfusion intensity were stable over time. This is clearly not
the case since transfusion practice changed substantially during the period 1960 to 1992. In
particular, new indications were developed that inclusion the administration of blood
components and component therapy essentially replaced whole blood administrations in the
1980’s, resulting in a much more efficient use of blood. In addition, following the recognition of
the HIV problem, physicians became more conservative about the use of blood. In the 1980's
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and early 1990’s, there was also a decrease in blood donor availability and therefore a decrease in
overall collections. This latter phenomenon was particularly important in the early 1990s but,
given the relatively small number of transmissions during this period, this probably affected the
study results only minimaily,

In our study, we did not take into account any increased mortality that may be due to liver
disease from HCV among infected transfusion recipients. Although the transfusion-related
survival functions and the mortality tables do take this into account, the former includes follow-
up only to 10 years before such mortality would be expected, and the latter includes only a small
proportion of HCV-infected persons. The effect of this mortality would not necessarily be
negligible. In the United States, an estimated 8,000 to 10,000 persons are thought to die each
year from the complications of hepatitis C infection (45). Extrapolating this figure to Canada
would give 500 to 600 hepatitis C-related deaths a year; 15% or 75 to 90 would be among
persons infected through transfusion. Assuming minjmal mortality in the first 20 years, such
deaths would begin in 1980 for a total of approximately 1,350 to 1,650 cumulative deaths to
1998. This would result in an overall 5% lower number of surviving HCV-infected transfusion
recipients. All of the HCV-related excess deaths would occur among persons transfused before
1980. The decrease in the number of surviving recipients due to HCV-related deaths is
approximately the same as the number of surviving transfusion recipients infected in the 1950s
not accounted for in our analysis.

In our study, we estimated that about 6,600 persons were infected by transfusions received from
January 1986 and April 1990. This is substantially less than the approximately 12,400 incident
infections estimated surviving to mid 1997 for the same period by the LCDC HCV Working
Group convened in January 1998 (of which all of the current Working Group were members).
There are several possible reasons for this difference. First, we projected the survivors to mid-
1998, one year later than the earlier study. This, however, would result in only about 400 deaths
during the additional year. We used additional data not available to the first Working Group to
assess the per-unit HCV risk, resulting in a lower estimate, approximately 75% of the previous
analysis. Finally and most importantly, we used a mortality function which took into account the
latest results from the BC Notification Program and the results from the Olmstead County study
and also were adjusted for the greater mortality associated with the substantially higher mean
number of units received by HCV-infected persons compared to all recipients. The means were
37 versus 5.8 units per patient, respectively. Mortality is significantly greater for persons
receiving a greater number of units. Thus, we used a 10-year survival of about 43% compared to
about 68% survival used by the January Working Group. ' -

It will be interesting to obtain and evaluate data on persons coming forward for HCV testing in
the next few years, This will help vatidate the modelled estimates presented in this report.
However, such observational data will have to be interpreted with caution. A lookback program
may be carried through a public information campaign or through an archival search and active
follow-up of transfused patients. The latter will be severely limited by the availability of hospital
records for the distant past and the difficulty of locating recipients, given the long time lapse.
Not all transfused patients will undergo HCV testing; based on the experience from the BC
Program (3) and the Hamilton hospital-based program (43), about 70% might be expected to do
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so. However, this proportion might not be a reliable indication of what might happen. If there
were a pecuniary incentive, the proportion may be greater but, on the other hand, for periods in
- the more remote past, hospital records may be poorer and the knowledge or recollection of
having been transfused less reliable. Finally, there may be a significant number of HCV-infected
transfusion recipients for whom the assessment of transfusion as the source of the infection may

- be difficult.
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Tabla At1 Worksheat to calculate number of HCV-dafected recipients aurviving ta mid-1598

(1)
Qander

Males

Famale

Both sexes

7

3

4

Properden of Remdor of

Age graup Pepelation wrkacdmin gaitsadmia

04
59
10-14
1519

10414
15-19

"EEIREREEDREEURREES

Total

1005.9
1031.3
1031.9
1026.3
10335
1215
1334
13439
1191.8
1084.8
8382
651.9
5682
62
4328
2892
174.9
783
s

14845.1

55
8845
987.7
876.5

1002.9
11021
12972
13225
11857
10747

834
670.7
616.9
5931
5471
£15.1
2827
1623

88

15118.7

1950.9
2015.8
20196
20028
2036.4
2236
26312
26664
2387.5
2159.5
16722
13326
121341
11283

879.9

7043

467.6

2406

120.5

23963.8

0.1199
0.0924
0.0693
0.0078
0.c068

1.0000

15,165 -

9,100
6,304
2170
27578
34,124
20,055
21,598
27.074
34433
48315
55592
7,305
127499
102,712
67,887
48,147
7543

6,420

758,885

14,803

8,159
16,424
2,019
27,063
34,431

28,161
18519
T4

7719
101,867
172,125
101,429

69,733

853
5071
843,197

128310
168,971
299,624
204,142
157272
117872

13,502

11,491

1,702,183

Cortrected for double kf, & unit-apecic survival
Number of units administered
HCV prevalence
Cotrection factor
UnRt-apecific survival adjustment

1,702,200
0.003558
0529444
0.772868

Hev
fatactions

540
324
58.0
756
835
1215
714
7%.8
86.4

140.7

2183
2553
3626
6126
3610
318.1
2482

212

18.1

2357

14

8
Froportiea
seryiviag
12 t608

0.935
0.931
o.927
0.923

14

7
Huntor
serviviag
o 1830

6%

ra:

-~

A d





