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Screening Blood Donations for Hepatitis C
in Central Africa:

Analysis of a Risk- and Cost-based Decision Tree

NICOLE CANCRÉ, MD, FRÉDÉRIC BOIS, PhD, GÉRARD GRÉSENGUET, PhD,
CATHERINE FRETZ, MD, JEAN-JACQUES FOURNEL, MD, LAURENT BÉLEC, PhD

Four screening strategies (no testing, HC Abbott, HC Pasteur, and a combined test)
for the detection of hepatitis C virus (HCV) antibody in donated blood were considered
in a formal decision tree. Decision criteria included residual risk of infection and overall
monetary cost. Tree parameters were determined using data from the Central African
Republic. The prevalences observed among blood donors for HIV infection, hepatitis
B, syphilis, and hepatitis C varied between 6% and 15%. The current residual risk of
transfusion-transmitted infections is very high (8.4%). Screening for HCV would bring
that risk down to about 3% with either the HC Pasteur, the HC Abbott, or the combined
test. Even though baseline analysis gives preference to the HC Abbott test (the com-
bined test coming out last), Monte Carlo sensitivity and uncertainty analyses showed
that Abbott’s and Pasteur’s tests are interchangeable, on the basis or either risk or
cost considerations. Key words: Africa; blood donation; blood transfusion; decision tree
analysis; hepatitis B virus; hepatitis C virus; human immunodeficiency virus; Monte
Carlo; syphilis. (Med Decis Making 1999;19:296–306)

In industrialized countries, prevention of transfu-
sion-transmitted hepatitis C has been considerably
improved by systematic screening of all donated
blood for hepatitis C virus (HCV) antibodies. In many
African countries, large investments have been
made to increase access to blood screening, espe-
cially for human immunodeficiency virus (HIV) in-
fection, infection with hepatitis B virus (HBV), and
syphilis (Sy). Yet few of these countries screen for
infection with hepatitis C virus (HCV). Several rea-
sons can be advanced to propose HCV screening:
hepatitis C has major health consequences1 and its
prevalence is high in sub-Saharan countries. Fur-2–5

thermore, transfusions are a medical necessity and,
in principle, no infectious disease should be trans-
mitted this way. However, the decision to institute a
screening program for HCV depends not only on the
prevalence of hepatitis C or its health consequences,
but also, for example, on the sensitivity and specific-
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ity of the available screening tests, and on their
costs.

Strategies for HCV screening that are used in in-
dustrialized countries to improve the safety of blood
supplies may not be directly applicable in develop-
ing countries, where the economic situations, labo-
ratory technology, and prevalences of infections are
different. For example, in developing countries,
blood collection is often costly and difficult to or-
ganize; therefore, screening assays must not only be
sensitive, to discard infectious blood donations, but
also particularly specific, to avoid discarding too
many falsely positive donations. Current HCV
screening assays have made possible gains in the
sensitivity and specificity of detection of anti-HCV an-
tibodies.6 However, their use with sera originating
from Africa remains largely unknown. African sera
are generally considered frequently to give rise to
unspecific reactivities (false positivity) by immunoen-
zymatic assays,7 including those for HCV infection.8

It is therefore necessary to conduct specific de-
cision analyses to determine the optimal testing
strategy for HCV (including the option of no testing)
for developing countries. Such an analysis is pre-
sented here for the case of the Central African Re-
public. Four screening strategies for detection of
HCV antibody in blood donations were considered
in a formal decision tree. Two decision criteria9–12

were studied: a health-based one (the residual risks
of infection after screening for HIV, HBV, Treponema
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FIGURE 1. Structure of the decision tree. A
choice is to be made between four blood screen-
ing strategies (see text). For example (dotted line),
the decision can be made to screen donated
blood for hepatitis C virus (HCV) with the HC
Abbott Test. A ‘‘disease subtree’’ (figure 2) is
grafted at the end of each decision branch.

FIGURE 2 (right). Disease subtree. Such a tree is
grafted at the end of each decision branch in
figure 1. Chance nodes (circles) determine the
infectious status (positive or negative) of a given
blood donation for HIV, hepatitis B virus, Trep-
onema pallidum, or hepatitis C virus (HCV), with
corresponding probabilities andP , P , P ,HIV HBV Sy

For example, a simulated blood donationP .HCV

can be negative for HIV, positive for HBV, nega-
tive for syphilis (Treponema pallidum), and pos-
itive for HCV (dotted line). A ‘‘tests subtree’’ (fig-
ure 3) is grafted on each terminal chance node.

pallidum, the spirochete that causes syphilis, and
HCV) and an economic one (the costs associated
with the screening strategies).

The decision tree parameters were determined us-
ing data from the Centre National de Transfusion
Sanguine (CNTS) of Bangui, Central African Republic.
In addition to obtaining average estimates of decision
criteria, we performed sensitivity and uncertainty
analyses of the results via Monte Carlo simulations.

Methods

TESTING STRATEGY DEFINITIONS

Three blood tests are already routinely performed
in Bangui: an HIV second-generation enzyme im-
munoassay (Genelavia mixtt, Sanofi-Diagnostics
Pasteur, Marnes-la-Coquette, France), an HBV en-
zyme immunoassay (Monolisat HBs, Sanofi-Diag-
nostics Pasteur), and a non-Treponema flocculation

test for syphilis (Card-test BioMérieuxt, BioMérieux,
Marchy l’Etoile, France). Two HCV third-generation
ELISAs, using different sets of antigens, were evalu-
ated: Abbott HCV EIA 3.0t test (Abbott, Chicago,
Illinois), and Monolisat anti-VHC/Pasteur (Sanofi-
Diagnostics Pasteur, Paris, France). Consequently,
four blood screening strategies were evaluated:

• Tests for HIV, HBV, and Treponema pallidum,
and no HCV test

• Tests for HIV, HBV, and T. pallidum, and HCV
with HC Abbott Test

• Tests for HIV, HBV, T. pallidum, and HCV with
the HC Pasteur Test

• Tests for HIV, HBV, T. pallidum, and HCV with
both Abbott and Pasteur HCV tests performed
in parallel (HC combined test); this test battery
has better specificity than either test alone. (The
combined test was deemed positive when both
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Table 1 ● Correlation Matrix between Infectiousness Status
for HIV Infection, Hepatitis B, Syphilis, and
Hepatitis C among 99 Blood Donors in Bangui

Infectiousness
Status HIV1 HBV1 Syphilis1 HCV1

HIV1 1
HBV1 0.14 1
Syphilis1 0.02 0.00 1
HCV1 20.02 20.90 20.08 1

Abbott and Pasteur tests were positive, and neg-
ative otherwise.)

DECISION TREE

The decision tree describes the sequence of de-
cisions and uncertain events associated with the
process of screening donated blood (figure 1). For
our study, the only decision node represents the
choice among the four screening strategies and has
four main branches.

A ‘‘disease subtree’’ (figure 2) is grafted at the end
of each of the main four branches. This subtree de-
termines all possible infectious statuses of a given
blood unit for HIV, HBV, T. pallidum, or HCV. Blood
donations are assumed to be either infectious (status
positive) or non-infectious (status negative) with re-
spect to each infection. The probability Pi that a
blood donation is infectious for an infection i is
equal to the prevalence of i among blood donors.
Infectiousness prevalences for HIV, HBV, T. palli-
dum, and HCV have been determined using refer-
ence tests on a panel of blood samples from the
CNTS of Bangui (see parameter values section, be-
low).

The probabilities Pi were assumed independent
from each other: the probability that a donation is
infectious for a given disease is the same regardless
of its status with regard to other infections. This as-
sumption seemed reasonable given the lack of cor-
relation observed between infectious agents in the
blood samples tested for determination of the infec-
tiousness prevalences (table 1). In the presence of
strong correlations between disease status, the or-
der of the diseases in the tree would be still be ar-
bitrary (there is no ‘‘natural’’ order for disease), but
the values of the Pi would differ from branch to
branch.

A ‘‘tests subtree’’ (figure 3) is grafted at each ter-
minal chance node of the disease subtree (for the
three test branches of the main tree). This subtree
describes all possible outcomes of the array of blood
screening tests implemented. Screening test results
are assumed to be either positive or negative with
regard to each infectious agent. The probability that
a screening test result is positive for a given infection
i is:

Sensitivity, if blood donation is infectiousH1-specificity, if blood donation is not infectious
(1)

The probability that a screening test result is nega-
tive is:

1-Sensitivity, if blood donation is infectiousHSpecificity, if blood donation is not infectious
(2)

Here, also, we have assumed that the above prob-
abilities are independent: the probability that a
blood donation is positive for a given test is the same
whatever may come of the other tests (the tests are
performed in parallel). The order of the tests is ar-
bitrary, and only their global result matters. These
test results are used, together with the infectious-
ness status given by the disease subtree, to deter-
mine a final blood donation status.

Several simple outcomes of the decision tree can
be defined and computed, such as the probability
that a blood donation will be false positive (FP) for
a given infection (i.e., having negative status with a
positive test result). Similarly, the probabilities of its
being true positive (TP) (i.e., positive status with a
positive test result), false negative (FN) (i.e., positive
status with a negative test result), and true negative
(TN) (i.e., negative status with a negative test result)
can be computed. More complex outcomes can also
be defined. Because we are interested in transmit-
ting no infection at all, we considered the infectious
statuses and the test results for the four infectious
agents as a whole. We therefore defined as ‘‘total
false negative’’ (TFN) a blood donation infectious for
at least one of the four infections (for example,
status 1/2/1/2) and with all negative test results
(tests 2/2/2/2). Similar definitions can be given for
total true positive (TTP), ‘‘total true negative’’ (TTN),
and ‘‘total false positive’’ (TFP). A TTP result indi-
cates a blood donation infectious for at least one of
the four infectious agents (for example, status 1/1/
1/2) with at least one positive test result (for ex-
ample, tests 1/2/1/2 or 2/2/2/1). Notice that in-
fectiousness and test results do not need to match
pairwise. A TTN result indicates a blood donation
that is not infectious (status 2/2/2/2), with all neg-
ative test results (tests 2/2/2/2). A TFP result in-
dicates a non-infectious blood donation (status 2/2/
2/2) with at least one positive test result (for
example, tests 1/1/2/2).

To make the description of the tree clearer, we
invite the reader to follow step by step a branch
from the tree root to one of its terminal nodes in
figures 1, 2, and 3 (in the figures, a dotted line in-
dicates the path followed though the decision tree).
Suppose we decide to screen blood for HCV using
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FIGURE 3. ‘‘Tests subtree.’’ Such a tree is grafted at the end of
each branch of the ‘‘disease subtree’’ (figure 2), for the three test
branches of the main tree. Chance nodes determine the blood
screening tests results (positive or negative) for each infection
(HIV, HB, syphilis, and HC). The probabilities (Pti) that a screen-
ing test result is positive for infection i is equal to the test’s sen-
sitivity if the blood donation is infectious and equal to 1 2 spec-
ificity otherwise. The dotted line is a possible path in the tree.

the HC Abbott test (figure 1). We next have to con-
sider the possible infectious status of a simulated
blood donor (figure 2). According to our example,
this donor is negative for HIV infection, positive for
HBV infection, negative for syphilis, and positive for
HCV infection. The probability of this status at the
end of the relevant branch of the disease subtree is
the product:

Ps = (1 2 P )P (1 2 P )P2121 HIV HBV Sy HCV

Screening tests for HIV, HBV, T. pallidum, and HCV
(Abbott test) are applied to the blood donation (fig-
ure 3). The results of the tests happen to be positive
for HIV, negative for HBV, negative for T. pallidum,
and positive for HCV. Given the infectious status of
our donor, it is easy, using equations 1 and 2 to
determine the probability of this combination of test
results:

Pt = Pt (1 2 Pt )(1 2 Pt )Pt2121 HIV HBV Sy HCV

= (1 2 Sp ) (1 2 Se )Sp SeHIV HBV Sy HCVAbbott

In terms of simple outcomes, the blood donation
considered is a false positive for HIV, a false negative
for HBV, a true negative for T. pallidum, and a true
positive for HCV. In terms of complex outcomes, the
blood donation is considered to be a TTP because
it is infectious for HCV and has at least one positive
test result. The probability, associated withP ,branch j

these outcomes at the end of the branch (figure 3)
is the product of byPs Pt :2121 2121

P = (1 2 P )(1 2 Sp )P (1 2 Se )branch HIV HIV HBV HBVj

? (1 2 P )Sp P SeSy Sy HCV HCVAbbott

DECISION CRITERIA

Residual risk of infection. The residual risk of
blood-transmitted infection was defined as the prob-
ability that a blood donation delivered by the CNTS
of Bangui actually infects a recipient with at least
one of the four infections studied (HIV infection, HB,
syphilis, and HC). The following assumes that do-
nations testing positive for at least one infection are
discarded (which is the case in Bangui).

We use the following notation for the mathemat-
ical expectation over the tree of a variable X:

8j =2

E(X) = (P X )branch jP j
j =1

where is the probability associated with ter-Pbranch j

minal branch j of the tree ( j = 1, 2 . . . 28), and Xj the
outcome value at the terminal branch j.

In order to calculate the residual risk, we need to

determine the probability that the recipient of a
blood donation would be infected by one of the four
agents studied through transfusion of a blood do-
nation considered to be non-infectious (all screen-
ing tests negative).

Let us define the probability that Pdi, (i = HIV,
HBV, Sy, HCV) will infect a blood recipient with in-
fection i. Pdi is equal to the probability, ofP ,Transi

actually transmitting infection i during transfusion
if the blood donation is infectious for i (case of a
false-negative blood donation) times is an in-I . IFN FNi i

dicator variable equal to 1 if the blood donation is a
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‘‘false negative’’ for i and equal to 0 otherwise.
is lower than 1 because transfusion of infectedPTransi

blood does not always result in contamination. Pdi

is zero if the blood donation is not infectious for i.
Therefore, the probability of infecting a recipient

with at least one of the four agents (total =Pdtotal

HIV < HBV < Sy < HCV) is, according to elementary
probability calculus:

Pd = Pd 1 Pd 1 Pd 1 Pd 2 Pd Pdtotal HIV HBV Sy HCV HIV HBV

2 Pd Pd 2 Pd Pd 2 Pd PdHIV Sy HIV HCV HBV Sy

2 Pd Pd 2 Pd PdHBV HCV Sy HCV

1 Pd Pd Pd 1 Pd Pd PdHIV HBV Sy HIV HBV HCV

1 Pd Pd Pd 1 Pd Pd PdHIV Sy HCV HBV Sy HCV

2 Pd Pd Pd PdHIV HBV Sy HCV

The probabilities Pdi and are defined forPdtotal

each terminal branch of the tree. Overall, the prob-
ability that a blood recipient will be infected with
one of the four agents is the mathematical expec-
tation of over the tree, i.e., E(Pd Pd ).total total

The risk needs to be normalized by the fraction
of blood donations kept after screening. Assume that
the arbitrary decision is taken to halve the number
of donations delivered. For a given number of blood
donations in input this would automatically result in
a halving of the risk of infection (at the limit dis-
carding all donations would result in zero risk).
However, in reality, the output of the CNTS is vari-
able, and its input (recruited donations) is adjusted
to match demand. If a new screening strategy dis-
cards many donations, input will automatically be
increased in proportion of the fraction of donations
kept (e.g., a threefold, increase if a third of the do-
nations are kept). To take this effect into account, it
is necessary to normalize by the fraction kept, which
is equal to the fraction of blood donations with neg-
ative test results. This fraction is therefore the sum
of E( and E( . ( is an indicator variableI ) I ) I )TTN TFN TTN

equal to 1 if the blood donation is a ‘‘total true neg-
ative,’’ and to 0 otherwise. Similarly, is an indi-ITFN

cator variable equal to 1 if a blood donation is a
‘‘total false negative,’’ and to 0 otherwise.

Thus, the residual risk was defined as:

E(Pd )totalR = (3)
E(I ) 1 E(I )TTN TFN

Costs of screening strategies. In addition to resid-
ual risk, the annual financial cost per blood dona-
tion associated with HCV screening strategies

was estimated. This total cost is function of(cost )HCV

the cost (Cf ) to collect a blood donation, which in-
cludes operations and investment costs, of the cost

(Ct) of test kits for HIV, HBV, T. pallidum, and even-
tually HCV, and of Ci, the mathematical expectation
over the tree of the cost to contaminate with at least
one of the infectious agents studied a recipient free
of that infection. We define Pdhi (i = HIV, HBV, T.
pallidum, HCV) as the probability of infecting with
agent i a blood recipient not yet infected by i. Pdhi

is equal to the product of the probability Pdi (see
previous section) by the fraction of healthy popula-
tion for i, (1 2 Pi), Pi being the infectiousness prev-
alence of i. The probability of contamination(Pdh )total

of a recipient HIV-free by HIV, or of a recipient HCV-
free by HCV, etc., is:

Pdh = Pdh 1 Pdh 1 Pdhtotal HIV HBV Sy

1 Pdh 2 Pdh PdhHCV HIV HBV

2 Pdh Pdh 2 Pdh PdhHIV Sy HIV HCV

2 Pdh Pdh 2 Pdh Pdh 2 Pdh PdhHBV Sy HBV HCV Sy HCV

1 Pdh Pdh Pdh 1 Pdh Pdh PdhHIV HBV Sy HIV HBV HCV

1 Pdh Pdh Pdh 1 Pdh Pdh PdhHIV Sy HCV HBV Sy HCV

2 Pdh Pdh Pdh PdhHIV HBV Sy HCV

Then Ci is:

C = cost 3 E(Pdh ) (4)i inf total

where is the cost of subsequent medical carecostinf

incurred by transfusing infectious blood into a re-
cipient: cost of hospitalization, post-hospitalization
or long-term care, or death.

Finally, for the above reason, was normal-costHCV

ized by dividing the numerator by the fraction of
blood donations kept after screening (i.e., the sum
of and Therefore, is given by:E(I ) E(I ). costTTN TFN HCV

C 1 C 1 Cf t iCost = (5)HCV E(I ) 1 E(I )TVN TFN

PARAMETER VALUES

Parameter values were determined from original
data when available, and otherwise from the litera-
ture.

The prevalences of infectiousness of HIV, HBV, T.
pallidum, and HCV were determined using reference
tests of a panel of randomized blood samples (n =
99) from the CNTS of Bangui. True infectiousness of
a blood donation was defined as: seropositivity in
two ELISA or Western blot assays or a confirmed
p24-antigen positivity for HIV; confirmed exposure
to HB surface antigen for HBV; both VDRL and TPHA
tests being positive for syphilis; and HCV PCR posi-
tivity for HCV. All assays used to determine blood
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Table 2 ● Baseline (Median) Values and Posterior 2.5 and
97.5 Percentiles for Prevalences, Test
Sensitivities, and Test Specificities for HIV
Infection, Hepatitis B, Syphilis, and Hepatitis C,
obtained in the Centre National de Transfusion
Sanguine of Bangui

Parameter
Baseline

Value
2.5–97.5

Percentiles*

Infectiousness prevalences
PHIV 0.15 0.091–0.23
PHBV 0.11 0.060–0.18
PSy 0.092 0.046–0.16
PHCV 0.062 0.026–0.12

Sensitivities
SeHIV 0.92 0.73–0.99
SeHBV 0.98 0.80–1.0
SeSy 0.024 0.0–0.24
SeHCV Abbott 0.96 0.67–1.0
SeHCV Pasteur 0.96 0.67–1.0
SeHCV combined 0.93 0.55–1.0

Specificities
SpHIV 0.88 0.80–0.94
SpHBV 0.91 0.84–0.96
SpSy 0.95 0.90–0.99
SpHCV Abbott 0.86 0.78–0.92
SpHCV Pasteur 0.85 0.77–0.91
SpHCV combined 0.98 0.96–0.99

*This defines a 95% confidence interval.

infectiousness except ELISA for HIV were performed
or confirmed at the virology laboratory of the Hôp-
ital Broussais (Paris). In Bangui, two ELISA tests
were applied to confirm HIV infectiousness accord-
ing to revised WHO recommendations.13 We used
the results of these two tests to determine HIV in-
fectiousness. Sera that yielded discrepant results
were tested with a Western blot assay at the virology
laboratory of the Hôpital Broussais (Paris), and in
this instance the outcome of the Western blot de-
termined the definitive result.

Specificities and sensitivities of the screening tests
used at the CNTS of Bangui for HIV, HBV, and T.
pallidum were determined by applying the screening
tests to the same blood samples as the reference
tests (described above). Specificities and sensitivities
of the screening tests for HCV were determined sim-
ilarly at the virology laboratory of the Hôpital Brous-
sais (Paris). Given the definition of the HC combined
test, its sensitivity is equal to the product of the HC
Abbott and Pasteur test sensitivities. Its specificity is
given by the formula:

Sp = Sp 1 Sp (1 2 Sp )HCVcombined HCVPasteur HCVAbbott HCVPasteur

A Bayesian approach was used to estimate the
prevalences of infectiousness of HIV, HBV, T. palli-
dum, and HCV, as well as test sensitivities and spec-
ificities. According to Bayes’ rule, the posterior dis-
tribution is the product of the prior distribution
assigned to the individual parameter times the like-
lihood of the data (screening and reference test re-
sults for the 99 blood samples). Prevalences, sen-14,15

sitivities, and specificities were assumed to be
independent a priori, and each probability was as-
signed a standard (i.e., reference) beta (0.5,0.5) prior
distribution.16 The total number of infectious blood
donations among collected blood, the total number
of positive screening tests among those that were
infectious, and the total number of negative screen-
ing tests among those that were not infectious, were
assumed, as usual, to be distributed binomially. The
resulting posterior distributions are beta with pa-
rameters 1/2 1 k and 1/2 1 n 2 k, k being the num-
ber of successes out of n blood donations.14 The re-
sulting quantiles of the posterior distributions for
prevalences, sensitivities, and specificities are given
in table 2.

The probabilities of contamination of a recipient
by an infectious donation, were estimatedP ,Transi

from the literature data at 95% on average (and dis-
tributed uniformly between 0.9 and 1.0) for HIV,
HCV, and HBV and at 10% (distributed uniformly17,18

between 0.0 and 0.5) for T. pallidum.19 For syphilis,
posttransfusional risk is lower because the blood
donations are maintained at 47C for a few days.19

The cost associated with screening strategies,

depends in large part on the cost of subse-cost ,HCV

quent medical care incurred by transfusing infec-
tious blood to a recipient This cost is not(cost ).inf

easily identified. For this reason, it was analyzed
only via sensitivity analysis and was sampled in our
analyses from a log-uniform distribution with
bounds 10 and 108 FF. The cost of collecting one
blood donation, Cf, was estimated to be 158 FF
(French francs), based upon data from Bangui.20 The
costs of the test kits, Ct were estimated to be 1.00 FF,
4.00 FF, 1.30 FF, 29.70 FF, and 29.55 FF for the HIV,
HBV, T. pallidum, HC Abbott, and HC Pasteur kits,
respectively. The sum of the HC Abbott and HC Pas-
teur test costs was used for the combined test. For
the tests currently used in Bangui, the costs are
those actually incurred by the CNTS; the costs of the
HCV tests were based on price quotations from Ab-
bott and Pasteur laboratories.

BASELINE ANALYSIS

The residual risks and the costs of screening strat-
egies were computed at the decision node for four
choices (i.e., no screening for HCV, screening for
HCV with the Abbott assay, screening for HCV with
the Pasteur assay, and screening for HCV with the
combined Abbott and Pasteur assays. The software
program MCSim, version 3.55 was used.21,22
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Table 3 ● Tree-computed Mathematical Expectations of Several Outcomes for Four Hepatitis C Screening Strategies*

Outcome
Without HCV

Test†
With HCV

Pasteur Test†
With HCV

Abbott Test†
With HCV

Combined Test†

Fraction total true positive 0.30 0.35 0.35 0.34
Fraction total false positive 0.11 0.19 0.18 0.13
Fraction total true negative 0.49 0.41 0.42 0.47
Fraction total false negative 0.10 0.05 0.05 0.06
Fraction of donations discarded 0.41 0.54 0.53 0.47

*Screening tests for HIV infection, hepatitis B, and syphilis are always performed.
†In addition to HIV, HBV, and syphilis screening tests.

FIGURE 4. Influence of the HC Pasteur test sensitivity on the
mathematical expectations of residual risk of infection by HIV,
hepatitis B virus, Treponema pallidum, and hepatitis C virus for
a blood donation delivered by the Centre National de Transfu-
sion Sanguine of Bangui, Central African Republic.

SENSITIVITY ANALYSIS

Sensitivity analyses of the residual risks and the
costs of the screening strategies, with respect to pa-
rameter values, were performed to check the ro-
bustness of the conclusions of the baseline analysis.
In one-way sensitivity analyses, the value of only one
parameter was varied, all other parameters retain-
ing their median values. In two-way sensitivity anal-
yses, values of two parameters were varied. Param-
eters’ values were randomly sampled from uniform
distributions (or log-uniform for over theircost )inf

variation intervals according to the Monte Carlo
method. One hundred numerical values were23,24

sampled for one-way sensitivity analyses and 1,000
for two-way sensitivity analyses.

UNCERTAINTY ANALYSIS

We also performed a multivariate uncertainty
analysis by Monte Carlo simulations in which all pa-
rameters were sampled. The Monte Carlo simula-
tions allowed us to estimate the distributions of the

residual risks or costs of screening strategies taking
into account the uncertainty in all parameters. At
each iteration, for each parameter, a value was ran-
domly sampled with respect to its own distribution
(beta for all parameters except for and thecostinf

probabilities of transmission, which were assigned
log-uniform or uniform distributions). As explained
above, beta distributions were used because the
posterior distribution of a parameter (such as prev-
alence, sensitivity, and specificity) determined from
binomially distributed data is a beta distribution.14

Ten thousand Monte Carlo runs were performed.
The software program MCSim, version 3.55,21,22

was also used to perform the sensitivity and uncer-
tainty analysis.

Results

BASELINE DECISION ANALYSIS

Part of the results of the baseline decision analysis
are summarized in table 3. Even when no HCV test
is used, about 41% (30% total true positive, 11% total
false positive) of all blood donations are discarded
because of positive test results for either HIV, HBV,
or T. pallidum. About 10% of the donations are in-
fectious for either HIV, HBV, or T. pallidum but not
discarded because they are total false negatives.
When Pasteur, Abbott, or combined tests are used,
54%, 53%, or 47% of donations are discarded, re-
spectively. These correspond to relative increases
(over the no-testing option) of 28%, 27%, and 11%,
respectively. Total false-negative rates are halved,
compared with the no-testing option. Testing would
therefore largely reduce the risk of infection, partic-
ularly for HCV. However, this has a cost above that
of test kits, since more donations would be rightly
or wrongly discarded.

The residual risk of infection is estimated to be
8.4%, with 95% confidence intervals (CI95s) of [4.5–
15.7] for no HCV screening test, 2.93% (CI95: [0.96–
8.8]) for the Pasteur test, 2.92% (CI95: [0.97–8.3]) for
the Abbott test, and 3.1% (CI95: [1.3–9.1]) for the com-
bined test. These confidence intervals were obtained
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FIGURE 5. Influence of the costs of infecting a recipient on the
mathematical expectations of the annual cost of screening one
blood donation for hepatitis C virus (HCV), for various testing
strategies. Strategies are: no HCV test (solid line), HC Abbott (long
dashes), HC Pasteur Test (medium dashes), and combined test
(short dashes). The strategies minimizing the total cost are ‘‘no
HC test’’ in Area A, ‘‘HC combined test’’ in area B, and ‘‘HC
Abbott test’’ in area C.

from the uncertainty analysis. According to the re-
sidual risks, with all parameters at their median val-
ues, the HC Abbott test would be marginally favored,
closely followed by the Pasteur test. This comes
from the fact that the estimated specificity for the
HC Abbott test was a little higher than that for the
HC Pasteur assay. Even though the proportion of
false negatives is a little higher with the HC Abbott
test than with the HC Pasteur test, preference is
given to the latter because of its lower rate of false-
positive results. Because of its parallel operationali-
zation, the combined test, although more specific, is
the least sensitive, and leads to a higher residual
risk.

SENSITIVITY ANALYSIS

Residual risks of infection. One-way and two-way
sensitivity analyses of the decision tree for all param-
eters demonstrated that residual risk essentially var-
ies with the sensitivities of the HC Abbott and Pas-
teur assays, and to a lesser extent with their
specificities.

Figure 4 shows that when the HC Pasteur test sen-
sitivity goes from 0.65 to 1, the residual risk de-
creases from 5% to 3% when this test is used. The
HC Pasteur assay is favored only if its sensitivity ex-
ceeds 96.5%. Another cross points is observed at ab-
scissa 0.81, where the HC Pasteur test becomes pref-
erable to the combined test, but it does not
correspond to a change in strategy. Similar results
are obtained when the HC Abbott test sensitivity is
varied (data not shown), the HC Pasteur assay being
favored only if the HC Abbott test sensitivity is below
96.5%. In addition, the HC Pasteur assay is favored
when its specificity is better than HC Abbott speci-
ficity (i.e., greater than 86%), and vice versa (data not
shown).

Costs of screening for HCV. One-way sensitivity
analysis of the annual cost of screening for HCV
showed that this cost depends mostly on the cost of
infecting a recipient equation 7). Because(cost ,inf

that cost is difficult to determine precisely in Central
African Republic, we chose to study the economic
criterion only through sensitivity and uncertainty
analyses.

To obtain figure 5, all parameter values, other
than were set at their median values (givencost ,inf

in table 2). If is less than approximately 2,400costinf

FF, is minimal when no screening test is per-costHCV

formed. Between 2,400 FF and 8,500 FF, iscostHCV

minimal when the combined test is used. Above
8,500 FF, the HC Abbott test is preferred. The HC
Pasteur test is never considered the optimal strategy.

Two-way sensitivity analyses of the annual costs of
HCV screening showed that only six parameters

sensitivities and specificities of the HCV Pas-(cost ,inf

teur and Abbott tests, and HCV infectiousness prev-
alence) were able to influence the choice of testing
strategy. For example, figure 6 shows the influence
of Pasteur HCV specificity and on(Sp ) costHCVPasteur inf

the choice of HCV screening strategy. If is lesscostinf

than approximately 2,400 FF, no screening test
should be done. From 2,400 FF to 8,500 FF, the
choice is somewhat complex: the best strategy is to
screen with either the HC combined test or the HC
Pasteur test, depending on Above 8,500Sp .HCVPasteur

FF, the best strategy also depends on butSp ,HCVPasteur

the best choice is between the HC Abbott test and
the HC Pasteur test.

The main conclusions of the two-way sensitivity
results of as a function of and eithercost , costHCV inf

HC Pasteur or HC Abbott test specificities or sensi-
tivities, can be summarized as follows: The best
strategy is always not to perform any HC screening
test if is less than 2,400 FF. Above 8,500 FF,costinf

the choice is between Abbott’s or Pasteur’s test,
choosing the test with the better performances.
From 2,400 to 8,500 FF, the choice is between the
combined test and either Abbott’s or Pasteur’s, de-
pending on the test performances.

The prevalence of HCV infectiousness can also in-
fluence the choice of strategy if is betweencostinf

2,000 FF and 20,000 FF (figure 7). For example, for
a of 2,000 FF, at low prevalence, the best strat-costinf

egy is not to perform an HCV screening test (in this
case Abbott’s, since all other parameters were set at
their median values), while at high prevalence, the
best strategy is to screen with the combined test.
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FIGURE 6. Influences of variations of the cost of infecting a re-
cipient and of the HC Pasteur specificity test on the choice of
screening strategy, with the annual cost per blood donation as
decision criterion. Circles indicate that the best strategy choice
is no HC test; squares correspond to HC Pasteur test, diamonds
to the HC Abbott test, and triangles to the HC combined test.

FIGURE 7. Influences of variations of the cost of infecting a re-
cipient and of prevalence of hepatitis C (HC) infectiousness on
the choice of screening strategy, with the annual cost per blood
donation as decision criterion. Circles indicate that the best
strategy choice is no HC test; diamonds correspond to the HC
Abbott test, and triangles to the HC combined test.

Table 4 ● Probabilities for Different Screening Strategies to be Optimal, with the Annual Cost of Screening One Blood Donation
for Hepatitis C Virus as Decision Criterion

Value of Cost inf*

Without
HCV
Test†

With HCV
Pasteur Test†

With HCV
Abbott Test†

With HCV
Combined Test†

10–1,000 FF† 1.0 0.0 0.0 0.0
1,000–10,000 FF 0.39 0.19 0.22 0.20
10,000–100,000 FF 0.0 0.45 0.47 0.08
100,000–106 FF 0.0 0.50 0.49 0.01
106–107 FF 0.0 0.50 0.50 0.0
107–108 FF 0.0 0.48 0.52 0.0

*Cost of infecting a donation recipient.
†In addition to HIV infection, hepatitis B, and syphilis screening tests.
‡French francs. The franc is equal to approximately U.S. 16¢.

UNCERTAINTY ANALYSIS

The Abbott and Pasteur tests for HCV have com-
parable sensitivities and specificities. As we dem-
onstrate above, a change in strategy choice occurs
each time the value of a parameter for a given test
is close to the value of the same parameter for the
other test. Because of the large uncertainty in these
parameter values, results and decisions could be dif-
ferent from one study to another. That is why we
analyzed the uncertainty affecting the decision cri-
teria and estimated the probabilities of occurrence
of the different strategies, given the uncertainties in
the basic tree parameters (as specified in table 2 and
the methods section). According to the residual-risk-

of-infection criterion, the probability to choose, as
the best strategy, the HC Abbott or the HC Pasteur
test was estimated to be 50.5% or 49.5%, respectively.
This indicates that those two tests have about equal
probabilities of being the best test. Uncertainty anal-
ysis results of the economic criterion are summa-
rized in table 4. For example, if the cost of infecting
a recipient is very high, about 107 to 108 FF, the HC
Abbott test has a probability of 0.52 of being the best
strategy. In summary: with under 1,000 FF, itcostinf

is certain that no test should be performed. Between
1,000 and 10,000 FF, no test is still most likely to be
the best option. Above 10,000 FF, either Abbott’s or
Pasteur’s test could be chosen with equal probabil-
ities of making an optimal decision.



VOL 19/NO 3, JUL–SEP 1999 Hepatitis C Blood Screening in Central Africa ● 305

Discussion

A technical point of this analysis concerns our
choice of infectiousness measures. Optimal esti-
mates of the residual risks of transfusion-transmit-
ted infection should account for infectious dona-
tions made in the window period between the initial
infection and detectable seroconversion. Because of
technical limitations, this has been achieved in the
present study only for HIV (through the use of p24-
antigen detection) and for HCV (by TR-PCR). For HBV
the reference assay used is close to optimal, but for
the detection of syphilis the assay might be im-
proved. In any case, the possible underestimation of
infectiousness prevalences for HBV and T. pallidum
should be very small and should not perceptibly af-
fect our results.

We evaluated assays with an African blood panel
in order to take into account African sera particu-
larities and to get better estimates of the risks of
blood-transmitted infections in Central African Re-
public. Usually reported assays’ performances are
not obtained with African blood panels. In addition,
the dependence of the optimal decision choice on
HCV prevalence (shown by sensitivity analysis) war-
rants, a posteriori, an analysis specific to the country
or geographic area concerned. Our estimates of the
tests’ sensitivities and specificities are lower than the
nominal values, showing the importance of using
field conditions for test performance evaluation. No-
tice that the confidence intervals for the sensitivities
are quite large. In order for the CI95s to span only 0.1,
about 3,000 blood samples would have had to be an-
alyzed. To estimate specificity with the same preci-
sion, about 230 samples would be needed. It was not
possible to obtain very good precision with respect
to sensitivity, because we had only 100 samples.

We used a rather large decision tree, and consid-
ered not only hepatitis C but also other infections
already screened for in the current testing proce-
dure. We included the other infections to estimate
total transfusion risk and to estimate the incremen-
tal gain yielded by HCV screening. The tree was also
built so as to be able eventually to take correlations
into account. However, our data do not point to
large correlations between the infectiousness stat-
uses in our population.

There could be several ways to define outcomes
for our decision tree. The estimates of residual risk
reported here represent the probability that a blood
donation delivered by the CNTS of Bangui infects a
recipient with at least one of the four agents (i.e.,
HIV, HBV, T. pallidum, and HCV). Although, the re-
sulting diseases differ in severity, we take the posi-
tion that no infectious disease should be transmitted
by blood transfusion and considered all infections
jointly. The second outcome considered, the cost of

HCV screening, is closely related to residual risk (see
equations 3–5). A major difference, aside from the
introduction of monetary costs, is that residual risk
is based on the probability of infecting a recipient
with at least one of the four infectious agents stud-
ied, while the cost of screening is derived from the
probability of infecting a blood recipient not yet in-
fected. In our view, the risk estimate should be in-
dependent of the status (naive infected) of the trans-
fusion receiver, since receiver status is not known
in advance, and may even never be known. On the
other hand, the cost of infecting a recipient does
depend on the status of that recipient. We consid-
ered here that reinfecting a recipient with an al-
ready acquired infection brought no additional cost.
This is obviously oversimplification of the reality.
Our economic analysis is rather crude and could be
improved in many ways with further research. Ec-
onomic studies to better estimate the economic con-
sequences of transfusion-transmitted infection of re-
cipients would allow better evaluation of the cost of
screening strategies. The use of the MCSim pro-
gram, written in C, allowed us to quickly solve the
tree and perform extensive Monte Carlo simulations
(10,000 Monte Carlo runs of the tree take a few
minutes on a Power PC Macintosh machine).

The prevalences of HIV infection, hepatitis B,
syphilis, and hepatitis C observed among blood do-
nors are very high (from 6% to 15%) in Central Af-
rican Republic. These findings are similar to those
of other investigators in the same area.2–5,25–28 As
mentioned above, the results of the screening tests
performed locally were somewhat disappointing. As
a result, the proportion of blood donations dis-
carded because of test results positive for HIV, HBV,
or T. pallidum is considerable (about 41%) in the
CNTS of Bangui. Despite that screening, the current
residual risk of transfusion-transmitted infection is
very high (8.4% with CI95: 4.5–16%). The infectious-
ness prevalence of HCV is close to 6% among blood
donors, and the transfusion risk for contamination
with HCV is currently correspondingly high. Screen-
ing for HCV (in addition to HIV, HBV, and T. palli-
dum) could reduce the residual risk by about 60%,
bringing it down to values close to 3% with either
the HC Pasteur, the HC Abbott, or the combined test.
This would be at the cost of discarding additional
true-positive and false-positive donations.

Even though baseline analysis gives preference to
the HC Abbott test (the combined test coming out
last), sensitivity and uncertainty analyses showed
that the Abbott and Pasteur tests are in fact inter-
changeable, on the basis or either risk or cost con-
siderations. These tests minimize residual risk and
thus the cost of screening strategies when infecting
a healthy person is costly for society. If the prices of
these two tests were different, it would be possible
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to determine between them. The status of the com-
bined test is interesting. This test was devised to
have increased specificity compared with either the
Abbott or Pasteur test. In a context of expensive
blood collection (as in Bangui) an increase in spec-
ificity, leading to a lower rate off false-positive test
results, would be an economic advantage. The use
of the Abbott or the Pasteur test would be associated
with an increase of about 27% in discarded blood
donations, while the combined test would increase
discards by only about 11%. However, the combined
test has lower sensitivity than either single test, and
it leads to a higher risk of infection; the test itself is
also twice as costly. As a result, our cost analysis
shows that the combined test is the best strategy
only if the cost of infecting a recipient is between
2,400 FF and 8,500 FF.

Additional strategies for HCV screening, in partic-
ular tests based on different principles, could be
evaluated in the future by extending our decision
tree. For example, the so-called ‘‘rapid’’ tests devel-
oped in Japan appear to be efficient, cheap, and easy
to perform.29 Unfortunately, ‘‘rapid’’ test kits were
not yet commercially available at the time of this
study.

The authors acknowledge the administrative and technical sup-
port of Institut Pasteur of Bangui, the technical help from the
CNTS of Bangui, and the gifts of test kits from Abbott Inc. and
from Sanofi-Diagnostic Pasteur. They thank Dr. R. Salmi for
helpful comments and discussions.
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trale. Méd Arm. 1987;15:35–40.
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