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BACKGROUND: Blood transfusions carry the risk of
transmitting infections. This risk has been studied in
detail in high-income countries but not in sub-Saharan
Africa. This study estimates the risks of acquiring
human immunodeficiency virus (HIV), hepatitis B virus
(HBV), or hepatitis C virus (HCV) from a single unit of
blood in sub-Saharan Africa.
STUDY DESIGN AND METHODS: A mathematical
model was constructed to quantify transfusion risks
across 45 sub-Saharan African countries using three
components: the risk of a contaminated unit entering
the blood supply, the risk that the unit will be given to a
susceptible patient, and the risk that receipt of the unit
will lead to infection in the recipient. Variables included
prevalence of infection in donors, extent of blood
testing, test sensitivity, and susceptibility of recipients.
Data from the World Health Organization (WHO) African
Region and a systematic review of the literature were
used to parameterize the model. Uncertainty in the risk
estimates was quantified using probabilistic sensitivity
analysis.
RESULTS: The median overall risks of becoming
infected with HIV, HBV, and HCV from a blood transfusion in sub-Saharan Africa were 1, 4.3, and 2.5 infections per 1000 units, respectively. If annual transfusion
requirements projected by the WHO were met, transfusions alone would be responsible for 28,595 HBV infections, 16,625 HCV infections, and 6650 HIV infections
every year. Sensitivity analysis suggests that the true
risks may be even higher.
CONCLUSIONS: This study is the first to systematically
quantify the risks of transfusion-transmitted infections
across sub-Saharan Africa. Although the results are
limited by the quality and quantity of available data,
these may be the most reliable estimates at this time.

B

lood transfusion can be a life-saving medical
intervention. Globally, obstetric, traumatic, and
surgical bleeding account for hundreds of thousands of deaths each year and the effective
management of bleeding in these situations often
includes the use of blood and blood products.1 Blood
transfusion is also commonly used to treat anemia in
patients with malaria.2,3
However, blood transfusions carry the risk of transmitting infectious diseases. Globally, the most important
transfusion-related risks are probably HIV, hepatitis B
virus (HBV), and hepatitis C virus (HCV), due to their high
prevalence.4 In high-income countries, where approximately 49 million units of blood were donated from 2001
to 2002, the risk of acquiring HIV from a single unit of
contaminated blood is estimated to be one in 1.5 to 4.7
million. The HBV and HCV risks are between 1 in 31,000
and 205,000 and 1 in 2 to 3 million, respectively.1,4 In
low- and middle-income countries, it is estimated that
approximately 13 million units of blood are transfused
each year, although the risk of transfusion-transmitted
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infections (TTIs) in these settings remains largely
unknown.5
In sub-Saharan Africa, the risk of TTIs is thought to be
substantial because of the high prevalence of these infections,6 the frequent use of paid or replacement donors,1,7-10
and incomplete screening coverage.1,4 In addition, TTIs
could have major long-term social and economic consequences in this setting where blood transfusion recipients
are mostly young people. Trauma predominantly affects
young men, obstetric complications affect young women,
and malaria is particularly important in children. Secondary infections could also occur if young infected patients,
after recovery, pass on infection to sexual partners.
Several individual country reports of transfusion risks
have sought to address this burden in isolated settings
within sub-Saharan Africa. However, these reports do not
reflect the risks across the continent. Currently, despite
moves to massively increase funding to address blood
safety in sub-Saharan Africa, the overall situation has not
been evaluated systematically. In Central and South
America, the Pan American Health Organization (PAHO)
has used mathematical modeling to generate estimates of
transfusion-associated risks.11 Based on this model, we
sought to estimate the probability of acquiring one of
three TTIs: HIV, HBV, and HCV, from a single unit of whole
blood, across sub-Saharan Africa as a whole, using published data.

MATERIALS AND METHODS
Risk model
The probability of developing an infection after receiving
1 unit of blood in sub-Saharan Africa is the product of
three independent risks: the risk of contamination of the
blood supply, the risk of a susceptible patient receiving a
contaminated unit, and the risk of acquiring an infection
after receipt of a contaminated unit (i.e., the risk of
seroconversion).
Contamination of the blood supply depends on the
prevalence and incidence of infection in donors and the
extent of screening and test accuracy in each country.
Where less than 100% of donated blood is tested, the proportion of unscreened donations determines the exposure
of the blood supply to contaminated units from prevalent
infections (i.e., one minus screening coverage). If all donations are screened, then the sensitivity of the screening test
becomes the key determinant of the risk that a tainted unit
would enter the blood supply (i.e., one minus screening
sensitivity). However, screening can miss infected patients
who seroconvert during the window period of the screening test. Nevertheless, window period infections may be
less important in sub-Saharan Africa where screening coverage and test sensitivity are likely to be suboptimal and
thus more important contributing factors to the TTI risk.
Therefore, in our model we considered only the prevalence
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of infection, screening coverage, and test sensitivity, to
estimate the risk of blood supply contamination.
Second, the probability that a contaminated unit of
blood will be given to a susceptible recipient depends on
the prevalence of infection and the levels of immunity in
the recipient population. Hospitalized patients in subSaharan Africa, who form the majority of the recipient
population, tend to have higher rates of current or previous exposure to HIV, HBV, and HCV, and thus susceptibility, which was not included in the PAHO model, is relevant
in this setting.12,13 Vaccine-mediated immunity is important but possible only for HBV. However, since HBV
vaccine coverage is low in most of sub-Saharan Africa, we
did not include it as a variable in our model.
Third, the probability of developing HIV, HBV, or HCV
after receipt of a contaminated unit of blood has been
established by others. The infectivity risks of each infection have been determined through follow-up studies of
transfusion recipients who had received antibody-positive
blood products in the 1980s. Rates of seroconversion were
90% for each infection in this population.14-16
Thus, we calculated the overall probability of acquiring a TTI after receipt of 1 unit of whole blood in each
sub-Saharan African country as a weighted mean of the
risks in screened and unscreened donations:

Overall risk (TTI ) = Risk (screened ) × Screening coverage +
risk (unscreened ) × (1 − Screening coverage ) ,
where the risk from unscreened donations is

Risk (unscreened ) = prevalence of TTI in donors ×
proportion of susceptible patients × infectivity risk
and the risk from screened donations is

Risk (screened ) = Risk ( unscreened ) × (1 − test sensitivity ) .

Systematic review
To parameterize our model, we conducted a systematic
review of studies from 45 sub-Saharan countries published from 1998 to 2008 (Appendix S1, available as supporting information in the online version of this paper).
Data on the prevalence of HIV, HBV, and HCV in the
general population; each type of donor population (new,
repeat, paid, replacement, or family); and the screening
coverage in each country were retrieved. The search was
limited to full journal publications and abstracts published in English and considered only data reported in
adults. We searched MEDLINE, EMBASE, CAB Abstracts,
and Global Health databases, as well as the World Health
Organization (WHO) Web site. Study characteristics and
results were reviewed for information regarding prevalence and screening patterns across countries, method
descriptions, and general comments. The search included
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the following keywords: “Africa” “blood donor*,” “donat*,”
“screen*,” “screening,” “prevalence,*” “HIV,” “hepatitis B,”
and “hepatitis C.” The following MeSH headings were
exploded: “Africa South of the Sahara,” “prevalence,” and
“blood donors.” The reference lists of identified articles
were checked for other relevant studies. Studies that did
not report data on the prevalence of HIV, HBV, and HCV or
screening coverage information were excluded. Data were
analyzed using computer software (Microsoft Office Excel,
2003, Microsoft Corp., Seattle, WA).
For many countries, there were very few sources of
data to populate our model. Of the 45 countries in this
region, no peer-reviewed publications were found in the
systematic review for 28 countries. Through this systematic review, just one or two articles were identified for 12 of
the 45 sub-Saharan African countries. In addition, since
most of these studies were small, hospital-based, crosssectional surveys, there are concerns for the precision,
internal validity, and generalizability of these data. Sampling strategies and populations studied were not identical across articles. Others did not report details of their
sampling method or types of donors. Furthermore, publication and reporting bias may have affected the quality of
data from these hospital-based studies. The base case scenario for our model was conducted using the WHO’s 2007
African Region Report on the Safety of Blood Supply from
the 2004 Global Database for Blood Safety survey, which
had an overall 89% response rate with response rates also
varying by infection. These data were also from national
transfusion services, often from urban centers, and thus
may not be generalizable to the rest of each country.
However, since these are the best available data at this
time, no study was excluded based on quality for this
model. Sensitivity analysis was used to address some of
these challenges to data quality. Meta-analysis of Observational Studies in Epidemiology (MOOSE) guidelines
were followed for the conduct and reporting of the systematic review.17

Parameterization of the model
The prevalence of infection among donors in each
country was determined as the mean of the prevalence in
new and repeat donors as reported by the WHO.1 Where
this information was not available, solely new donor or
general population rates from our systematic review were
used. For up to 25% of countries, the 2007 WHO African
Region Report on the Safety of Blood Supply noted a lower
prevalence of infection among donors than values
reported in the published literature. In these cases, the
mean of all reported values was used as the base case.
Countries that reported 0% prevalence of any infection
were assumed to have, at a minimum, risks equivalent to
those reported in high-income countries. Appendix S2
(available as supporting information in the online version

of this paper) summarizes the actual prevalence and susceptibility estimates used in our model.
Since country level data on screening coverage were
not available from the literature, the WHO reports on
screening rates across the African Region were assumed
for the base case. According to the WHO, in 2004, a total of
1.48% of donated units were reportedly not screened for
HIV, 5.47% for HBV, and 19.24% for HCV.7 The WHO does
not indicate a breakdown of screening coverage by
country and nor were these data available in the literature
although there are many reports of financial constraints
prohibiting countries from screening for HCV.18,19
The test sensitivities used in our deterministic model
were based on the WHO’s rigorous evaluation of all commercially available tests for HIV, HBV, and HCV. We used
the lowest test sensitivities reported in these evaluations
(HIV, 95.3%; HBV, 96.3%; HCV, 97.1%).20-22 A recent quality
control study of current screening tests at six African
blood banks reported overall assay sensitivities of 98% for
HIV, 75% for HBV, and 88% for HCV for the 13 enzyme
immunoassays and eight simple/rapid tests evaluated
against a reference laboratory.23 To take such reports into
account in our estimates, we used a broad range of test
sensitivities in our uncertainty analysis.
Some reports suggest that the prevalence of active
TTIs in hospitalized patients is much higher than in the
general population,12,13 but this information is not readily
available at the country level in sub-Saharan Africa. We
therefore estimated the current rates of infection in recipients by using general population or donor prevalence
information. Finally, the infectivity risk for each infection
was presumed to be 90% based on published reports.14-16

Probabilistic sensitivity analysis
Since there was substantial uncertainty in the values of
variables used in our model and because the real values
can vary within countries, we performed multivariate
probabilistic sensitivity analyses on model variables using
1000 Monte Carlo simulations for each infection and for
each sub-Saharan African country. Prevalence of HIV,
HBV, and HCV infections among the donor populations,
test sensitivity, screening coverage, infectivity risk, and
proportion of susceptible patients for each of the subSaharan Africa countries in the model were varied simultaneously using the uniform distribution. A uniform
distribution assumes that the value of a variable is located
at any point between the bounds of the distribution with
equal probability. Without prior information on the uncertainty in the values of the variables, for example from previous meta-analysis, uniform distributions present the
most conservative form of characterizing uncertainty in
each variable.24,25
The bounds of the distribution for the prevalence of
infection in donors and recipients were base case ⫾ 50%.
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Projected total
number of
TTIs (median
overall risk)
6,650
28,595
16,625
Median overall
risk of TTIs,
per 1000 units
1
4.3
2.5
Percentage of
donations that
are currently
not screened
1.48
5.47
19.24

HIV
HBV
HCV

HIV
HBV
HCV

Projected future incidence based on the 6.65 million donations needed for the population of sub-Saharan Africa
Current median
Projected number
Current median
Projected number
Total number
risk in unscreened
of TTIs from
risk in screened
of TTIs from
of potential TTIs
Number of needed
transfusions that
transfusions,
unscreened
transfusions,
screened
(screened plus
would be unscreened
per 1000 units
transfusions
per 1000 units
transfusions
unscreened blood)
98,420
16
1,575
0.9
5,896
7,471
363,755
48
17,460
1.8
11,315
28,775
1,279,460
12
15,354
0.3
1,611
16,965

Median overall
risk of TTIs,
per 1000 units
1
4.3
2.5
Number of current
transfusions that
are unscreened
29,600
109,400
384,800
Percentage of
donations that
are currently
not screened
1.48
5.47
19.24

We identified 107 potential studies in the systematic
review, of which 63 met the inclusion criteria. Of these,
four described transfusion services across sub-Saharan
Africa generally10,26-28 and three were cross-sectional
survey reports from the WHO.1,7,29 Fifty-five articles
reported prevalence data for individual countries (Appendix S1). The 2007 WHO African Region Report on the
Safety of Blood Supply was identified through the search
and included self-reported data from 41 countries but not
from Nigeria, Niger, Liberia, Principe, Sao Tome, and
Equatorial Guinea. No articles were identified through the
systematic review for 28 countries.
Based on our deterministic model, which did not
incorporate uncertainty, the median overall risk of acquiring a TTI in sub-Saharan Africa was estimated to be
highest for HBV at 4.3 infections per 1000 donations, followed by HCV at 2.5 in 1000 and HIV at 1 in 1000 (Table 1).
The risks of acquiring a TTI from screened and
unscreened blood and the current modeled incidence of
TTI from these transfusions are also reported in Table 1.
While these specific estimates may be gross approximations, according to this model, the most likely infection to
be acquired from a single unit of blood in sub-Saharan
Africa is HBV, regardless of screening.
Annual volume of donations was publicly available
for 16 countries.30 Using these data, we were able to estimate the annual number of TTIs per country, the ratio of
infections to donations, and number of infections per
100,000 donations (Table 2). The WHO estimates that
approximately 6.65 million units are required per year for
this region’s population of 650 million although currently
only 2 million units are collected and transfused.7 If this
requirement was met, based on our model estimates,
approximately 28,595 cases of HBV, 16,625 cases of HCV,

Estimated current incidence based on 2 million annual donations in sub-Saharan Africa
Total number
Current median
Current number
Current median
Current number
of TTIs that
risk in unscreened
of TTIs from
risk in screened
of TTIs from
occur currently
transfusions,
unscreened
transfusions,
screened
(screened plus
per 1000 units
transfusions
per 1000 units
transfusions
unscreened blood)
16
474
0.9
1,773
2,247
48
5,251
1.8
3,403
8,654
12
4,618
0.3
485
5,102

RESULTS

TABLE 1. Incidence of TTIs modeled on current donation patterns and estimated needs

The base case values are summarized in Appendix S2.
Because there are no confidence intervals reported in the
data sources for these estimates and it is unclear how
accurate the reported data are, the 50% boundary was
chosen to define a large error margin in the estimates of
prevalence and susceptibility risks. Our model used
screening coverage rates reported by the WHO African
Region and incorporated bounds of 50% to 100%, again to
have a large margin of error based on the substantial variability in screening rates between countries. The bounds
for infectivity risk were set at 80% to 100%. We used the
test sensitivities for HIV, HBV, and HCV from the WHO’s
assay reports for our model. However, because it is likely
for test sensitivity to vary between and within countries
based on the availability of testing equipment and the
type of tests used,23 but the degree of this variability is
unknown, we chose 75% to 100% as the boundaries
around the test sensitivity estimates.

Current total
number of
TTIs (median
overall risk)
2,000
8,600
5,000
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‡
(223-2,008)
(63-565)
(108-970)
(96-866)
(43-384)
(182-1,634)
(235-2,116)
(218-1,961)
(66-595)
(141-1,268)
(108-970)
(257-2,315)
(4-33)
(183-1,643)
(77-690)

202
96
190
692
91
164
324
93
121
255
24
438
58
882
162

‡
(51-455)
(24-215)
(47-427)
(173-1,557)
(23-204)
(41-370)
(81-729)
(23-209)
(30-271)
(64-573)
(6-54)
(109-985)
(14-130)
(221-1,985)
(41-365)

1:124
1:220
1:422
1:116
1:441
1:91
1:185
1:216
1:415
1:98
1:1,040
1:91
1:14,718
1:147
1:863

‡
(55-495)
(98-878)
(187-1,686)
(51-462)
(196-1,766)
(41-365)
(82-740)
(96-863)
(184-1,659)
(44-393)
(462-4,160)
(41-366)
(6,541-58,873)
(66-590)
(384-3,453)

808
455
237
865
227
1096
540
464
241
1018
96
1094
7
678
116

‡
(202-1,818)
(114-1,025)
(59-534)
(216-1,947)
(57-510)
(274-2,465)
(135-1,216)
(116-1,043)
(60-542)
(255-2,291)
(24-216)
(273-2,461)
(2-15)
(170-1,527)
(29-261)

and 6650 cases of HIV could occur from contaminated
transfusions, in sub-Saharan Africa, every year (Table 1).
When we used probabilistic sensitivity analysis to
determine the impact of the uncertainty in model variables on the risk estimates, the TTI risk across subSaharan Africa was higher than the base case scenario
results outlined above. In the Monte Carlo simulation, the
HIV and HCV risks most commonly ranged from 2 to 10
infections per 1000 units whereas the HBV risk ranged
from 11 to 50 per 1000 units (Figs. 1-3), suggesting that our
deterministic model may be underestimating the risks.
HBV continued to be the most important TTI when uncertainty was addressed. Simulation runs for a sample
country are shown in Figs. 4 through 6. Each of the Figs. 1
through 6 shows the histogram of the relevant risk estimate obtained from the Monte Carlo simulations and represents the uncertainty in these risks.

DISCUSSION

12,000
25,000
21,000
80,000
80,000
40,000
15,000
60,000
20,000
50,000
25,000
25,000
40,000
850,000
130,000
140,000

Countries

Botswana
Cameroon
Congo
Cote d’Ivoire
DRC
Ethiopia
Gabon
Ghana
Guinea
Kenya
Malawi
Mali
Senegal
South Africa
Tanzania
Uganda

* Estimates are rough approximations based on publicly available data and do not indicate exact risks in each country.
† Risk based on general population prevalence of HIV instead of donor prevalence.
‡ Data not available.

892
251
431
385
170
726
940
871
265
564
431
1029
15
730
307
‡
(50-448)
(177-1,594)
(103-928)
(115-1,039)
(261-2,347)
(61-551)
(47-425)
(51-459)
(168-1,512)
(79-710)
(103-928)
(43-389)
(3,065-27,584)
(61-548)
(145-1,304)
1:112
1:399
1:232
1:260
1:587
1:138
1:106
1:115
1:378
1:177
1:231
1:97
1:6,910
1:137
1:326
‡
(56-502)
(13-119)
(86-776)
(77-693)
(17-153)
(27-245)
(141-1,269)
(44-392)
(33-298)
(35-317)
(27-242)
(103-926)
(31-277)
(237-2,136)
(107-966)
223
53
345
308
68
109
564
174
132
141
108
412
123
949
429
(322-2,894)
(101-910)
(19-171)
(20-182)
(47-427)
(78-698)
(76-682)
(36-324)
(26-238)
(82-739)
(260-2,336)
(20-182)
(41-368)
(3-24)
(212-1,907)
(29-261)
1286
276
76
81
129
184
303
112
106
241
771
81
164
7
476
116
(35-311)
(110-989)
(586-5,275)
(548-4,934)
(234-2,109)
(143-1,290)
(147-1,319)
(309-2,780)
(420-3,776)
(135-1,218)
(43-385)
(549-4,943)
(272-2,444)
(4202-37,819)
(52-472)
(383-3,447)
1:78
1:362
1:1,313
1:1,231
1:777
1:540
1:333
1:896
1:952
1:413
1:130
1:1,250
1:615
1:14,167
1:210
1:864
(39-347)†
(25-228)†
(4-36)
(16-146)
(38-341)
(31-379)
(11-102)
(22-194)
(5-48)
(41-369)
(65-584)
(5-46)
(16-147)
(22-202)
(275-2,479)
(41-365)

TTI-HBV to
annual donation,
ratio (range)
TTI-HIV to
annual donation,
ratio (range)

TTI-HIV
per 100,000
donations,
n (range)
Reported
number of
donations
per year

154
69
16
65
103
74
45
67
21
120
193
20
65
60
619
162

TTI-HCV to
annual donation,
ratio (range)
Estimated
transfusion
transmitted
HCV infections
per year,
n (range)
TTI-HBV
infections
per 100,000
donations,
n (range)
Estimated
transfusion
transmitted
HBV infections
per year,
n (range)
Estimated
transfusion
transmitted HIV
infections per
year, n (range)

TABLE 2. Estimates of TTIs and TTI to donation ratios in 16 countries based on our model and all publicly available data*

TTI-HCV
infections
per 100,000
donations,
n (range)
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This is the first cross-country comparative study of the
risks of acquiring HIV, HBV, or HCV from a blood transfusion in sub-Saharan Africa. Other studies reporting
transfusion risks in this region have been limited to
hospital-based data. The PAHO conducted similar comparative studies for the Central and South American
regions in 1998, 2001, and 200511,31,32 and the mathematical model it used to generate estimates of TTI risk formed
the basis of our model. We sought to increase the accuracy
of our findings beyond that of the PAHO model, by including estimates of prevalence data for the recipient population, examining the risks from screened and unscreened
donations separately, and conducting probabilistic sensitivity analysis.
Our model conservatively estimates that the median
risks of acquiring HIV, HBV, or HCV from a single unit of
blood in sub-Saharan Africa are 1, 4.3, and 2.5 infections
per 1000 units, respectively. Probabilistic sensitivity analysis indicates that the true risks may be even higher. While
our results reflect a general overview of the risks across
sub-Saharan Africa and cannot be used to make exact
statements of the risks at the individual country level, they
attempt to quantify the transfusion risks facing patients in
sub-Saharan Africa. According to our model, the risk of
acquiring HIV in sub-Saharan Africa can be as high as 13
infections per 1000 donations compared to 1 in 1.5 million
units in high-income countries.4
Overall, models like ours have not been used previously in the African setting to map TTI risks. Our work
therefore has important implications for understanding
the burden of HIV, HBV, and HCV that may be attributable
to contaminated blood products although it clearly
cannot apply to every country in this region or even every
district within a country. More and better quality data
could certainly increase the accuracy of these substantial
Volume 50, February 2010
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Frequency of occurrence

Frequency of occurrence

Frequency of occurrence

the importance of residual risk in this
region when they reported the high risk
20000
16848
of HIV or HCV transmission through
15000
transfusions in Ghana despite adequate
10980
8925
testing for anti-HIV, p24 antigen, and
10000
anti-HCV. They estimated the residual
5000
1835
risk of HIV, HCV, and HBV in Ghana to
412
0
be 1 in 2578, 1 in 1450, and 1 in 326.
0-1
2-10
11-50
51-100
>101
Thus, the risk of infection from seroneProjected Number of HIV Infections,
gative window period donations can be
per 1000 Units of Blood
substantial. Future versions of our
model may need to incorporate this
Fig. 1. Distribution of HIV risk from blood transfusions across sub-Saharan Africa
factor to describe the transfusion risks
(n = 39 countries), based on 1000 simulations per country.
more accurately in settings with a high
incidence of infections. In addition, our
25000
model did not incorporate the probabil19369
20000
ity of laboratory or clinical errors,34
14073
15000
prevalence of viral variants that are not
detected by testing, increasing use of
10000
component separation,30 and the pro3136
5000
2294
portion of asymptomatic chronic carri128
0
ers in the population. These factors may
0-1
2-10
11-50
51-100
>101
also need to be considered in future
Projected Number of HBV Infections,
models of transfusion risks.
per 1000 Units of Blood
Our study relied on the accuracy of
limited available data. In order to estiFig. 2. Distribution of HBV risk from blood transfusions across sub-Saharan Africa
mate the prevalence of infection in
(n = 39 countries), based on 1000 simulations per country.
donors accurately and to account for
the lower rates of infection in repeat
25000
donors, our model used an average of
19638
20000
the infection prevalence in first-time
and repeat donors in each country.10,35,36
15000
However, this assumption may lead to
8667
overestimates of TTI risks in settings
10000
7605
where repeat donors make up a high
5000
proportion of all donors. For example, in
90
0
South Africa, where repeat donors sup0
plied 83% of units in 2001 through 2002,
0-1
2-10
11-50
51-100
>101
only 0.02% of donations from these
Projected Number of HCV Infections,
donors were HIV positive compared to
per 1000 Units of Blood
0.59% of donations from first-time
Fig. 3. Distribution of HCV risk from blood transfusions across sub-Saharan Africa
donors.37 Thus, our model may be less
(n = 36 countries), based on 1000 simulations per country.
reliable in countries within sub-Saharan
Africa that have greater proportions of
repeat versus first-time donors. Voluntary, paid, and
risk estimates. Nevertheless, based on the available data
replacement donors are also known to be higher risk than
and despite the importance of country-specific risk
repeat donors; however, these populations were not
factors, our model generates the most valid global risk
included in our study. Furthermore, there is a substantial
assessments currently available in sub-Saharan Africa.
difference in prevalence of infection in donors compared
Our study has many limitations. It used a simplified
to the general public, which may have affected the validity
model to make its estimates, which limits the accuracy of
of our estimates (Appendix S2). Additionally, “test-seeking
the findings. In this model, imperfect screening coverage
behavior” by the public, that is, use of blood donation
and test sensitivity were assumed to make greater contricenters as testing facilities to avoid the potential stigma of
butions to TTI risk in the African setting than residual risk
attending voluntary counseling and testing centers, could
from incidental infections occurring in the window
artificially inflate the prevalence estimates reported in
period. However, Candotti and colleagues33 demonstrated
25000
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Risk Frequency over 1000
simulations

Risk Frequency over 1000
simulations

Risk Frequency over 1000
simulations

ized setting such as exists in Uganda or
Zimbabwe may be much higher than
that in many hospital-based systems in
600
sub-Saharan Africa.10 The practice of
400
predonation testing as one method of
660
improving the quality of transfusions
200
258
29
0
53
has been used in some settings,
0
although it is not clear if this practice is
0-1
2-10
11-50
51-100
>101
common or if it has a substantial impact
Projected Number of Transfusion-Transmitted HIV Infections,
on TTI risks.9 In addition, even in counper 1000 Units of Blood
tries that may have perfect or near
perfect screening, the coverage rates
Fig. 4. Distribution of HIV risk frequency distribution for Country 30, based on
and tests usage in the capital areas are
1000 simulations.
not likely to reflect intracountry differences such as the situations in the
800
regional or district settings. Low-volume
600
hospitals away from major cities may be
more likely to have supply shortages
400
783
and be more likely to use rapid tests
with lower sensitivities.10 The use of less
200
3
132
82
0
sensitive screening tests such as simple
0
and rapid tests are reported to be
0-1
2-10
11-50
51-100
>101
common in sub-Saharan Africa due to
Projected Number of Transfusion-Transmitted HBV Infections,
the cost of testing, although no estiper 1000 Units of Blood
mates of the magnitude of this problem
exist in the literature. In our model, we
Fig. 5. Distribution of HBV risk frequency distribution for Country 30, based on
used the test sensitivities described by
1000 simulations.
the WHO but attempted to account
for the variations in test sensitivity
1000
across the continent by using broad
800
ranges in our uncertainty analysis.
Furthermore, we made many
600
assumptions about the susceptibility of
831
400
the recipient population because little
200
data exist on the prevalence of infection
24
145
0
0
in transfusion recipients. One impor0
tant assumption was that general popu0-1
2-10
11-50
51-100
>101
lation or new donor prevalence rates
Projected Number of Transfusion-Transmitted HCV Infections,
per 1000 Units of Blood
were reasonable proxies for infection
rates in hospitalized patients. However,
Fig. 6. Distribution of HCV risk frequency distribution for Country 30, based on
many reports suggest that prevalence of
1000 simulations.
HIV, HBV, and HCV in hospitalized
patients is higher than in the general
population, and thus our model may have overestimated
donors. However, this behavior is probably rare since the
the risk of TTIs.12,13
majority of transfusions in Africa are collected through
small-volume hospitals and probably take place in emerFinally, in our uncertainty analysis, we addressed
gency situations from paid or family donors.30
“first-order” uncertainty, which is uncertainty in the
values of the model variables. “Second-order” uncertainty
Country-level data on screening coverage and test
or uncertainty in the lower and upper bounds of the
accuracy were not available in the literature for this
uniform distribution could be relevant as well but was not
region. Our model applied the overall screening rates and
incorporated in our analysis because there is not sufficient
ideal sensitivities for rapid tests, as reported by the WHO,
information to do so at this time. However, such analyses
across sub-Saharan Africa, to project the prevalence of
may be incorporated in future models using Bayesian
TTIs. However, differences in provision of transfusion serapproaches, particularly as new data are reported. Based
vices mean that screening rates and tests may vary within
on our current assumptions, the deterministic model
and between countries.26 Screening coverage in a central800
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could result in underestimates, although the magnitude of
this underestimation will not be evident without conducting Bayesian analysis.
As a result of many of these limitations, although our
model describes the overall picture of transfusion risks in
sub-Saharan Africa, it will not apply to all countries in this
region. For example, the risks of transfusions in the
Republic of South Africa clearly do not represent the risks
across the continent. The South African National Blood
Service has substantially reduced the risks of transfusions
through the use of highly sensitive nucleic acid testing.38,39
Our model, which does not take such detailed screening
practices into account, would overestimate the risks in
that country. Thus, our model may be less accurate in
countries with rigorous blood safety practices, although
such countries are likely to be the exception rather than
the rule in sub-Saharan Africa.
Nevertheless, in countries were the data quality is reasonable, our model is likely to be fairly accurate and could
have potential for use as a tool for periodic monitoring and
evaluation of blood safety initiatives. The United States
President’s Emergency Plan for AIDS Relief (PEPFAR),
starting in 2004, has allocated $1.2 billion in funding to 12
African “focus” countries to improve transfusion practices
through support for universal testing, educational opportunities for clinicians, and evaluations of transfusion practices.40 This initiative has the potential to vastly improve the
understanding of transfusion risks in the African setting.
Our model, if populated with high-quality data from
PEPFAR countries, could be used to assess the burden of
TTIs in sub-Saharan Africa more accurately.
Many key areas exist for future research. Barriers to
screening and the impact of direct and indirect costs to
individual countries need to be closely evaluated. The costs
and cost-effectiveness of preventing and treatingTTIs need
to be compared. In addition, the factors that affect TTI risk,
such as epidemic stage, may be different for each infection
and may vary between countries, and the increase or
decrease in incidence rates of each infection may contribute to the residual risk. Country-level case studies could
shed more light on the variations in risks and costs of TTIs.
Blood transfusions are an essential part of clinical
care. Our study confirms that the risks of TTIs in subSaharan Africa are substantially higher than those
reported in high-income countries. Although our estimates are based on country-level data and limited published reports from individual institutions in sub-Saharan
Africa, our results reiterate the need for increased support
from the global community to address transfusionassociated risks in this region.
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