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ABSTRACT
BACKGROUND
Sub-Saharan Africa remains the epicenter of the human 
immunodeficiency virus (HIV) pan- demic. However, there is a lack 
of multicenter data on the risk of transfusion-transmitted HIV from 
blood centers in sub-Saharan Africa.

STUDY DESIGN AND METHODS
The incidence of HIV infections in the blood donations collected in 
the main blood banks of five countries (Burkina Faso, Congo, Ivory 
Coast, Mali, and Senegal) was determined to estimate the current 
transfusion risk of HIV infection using the incidence rate/window 
period model. 

RESULTS
The risk of transfusion-transmitted HIV infections associated with 
the window period varied from 1 in 90,200 donations (Senegal) to 1 
in 25,600 (Congo). Considering the five participating blood centers 
as a whole, the incidence rate of HIV-positive donors per 100,000 
person-years was 56.6 (95% confi- dence interval [CI], 47.1-67.9); the 
residual risk (RR) was 34.1 (95% CI, 7.8-70.7) per 1 million donations, 
which represents 1 in 29,000 donations (95% CI, 1/128,000-1/14,000).

CONCLUSION
RR estimates varied according to the country. This is potentially due 
to a lower incidence of HIV infection in the general population or to 
a more efficient selection of blood donors in the countries with the 
lowest risk. The estimates of the transfusion risk of HIV infection in 
each country are important, both to assess the impact of current 
preventative strategies and to contribute data to policy decisions to 
reinforce transfusion safety.
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INTRODUCTION

Sub-Saharan Africa remains most severely affected by the human 
immunodeficiency virus (HIV) and acquired immunodeficiency 
syndrome (AIDS) pandemic. This public health concern extends 
to transfusion-transmitted HIV.1,2 Ironically, resources devoted to 
blood screening are extensive in industrialized countries where HIV 
prevalence and incidence are low and the residual transfusion risk has 
become immeasurably small (approximately one infection per 1 to 2 
million units3,4). In contrast, HIV incidence and residual risk (RR) remain 
high in sub-Saharan Africa, yet resources are lacking.5 According to the 
World Health Organization ( WHO), blood transfusion is responsible 
for up to 5% of HIV transmission in sub-Saharan Africa.6

Despite screening of blood donations with serologic assays  
(detection of HIV antibody [Ab]), the  risk of transfusion-transmitted 
HIV persists, mainly due to blood donations collected during the   
preseroconversion window period, which occurs shortly after the  
donor is infected and before the serologic markers for the infection can 
be detected. African blood banks that have implemented screening 
algorithms assay combining anti-HIV Abs and p24 antigen (Ag) have 
managed to shorten the window period, but it remains longer than 
that which would be obtained with nucleic acid testing (NAT).

It is important to estimate the transfusion risk of HIV infection 
as precisely as possible, both to monitor the impact of currently 
implemented preventive safety measures and to motivate for  
further measures to decrease established risk. Current knowledge 
of transfusion risk in sub-Saharan Africa is drawn from old studies, 
examining small numbers of blood donors, often limited to only single 
blood centers.7-9 Another recent approach aiming to assess the risk 
in sub-Saharan Africa consisted of the use of a mathematical model 
parameterized with data available in the literature.10  However, there is 
a lack of good, multicenter data on the risk of transfusion-transmitted 
HIV from blood centers in sub-Saharan Africa.

For this reason, we determined the  incidence of HIV infections 
in the blood donations collected in the main blood banks of five 
countries. We used a modified window period model to estimate 
the current transfusion risk of HIV infection. This information may 
be useful to adapt the national policy for blood transfusion to the 
local situation as well as to audit interventions targeting transfusion 
safety in sub-Saharan Africa.

MATERIALS AND METHODS

The method used to estimate the HIV RR was based on the incidence/ 
window period model.11 With this method, RR is estimated by 
multiplying the incidence rate of HIV infection in repeat blood 
donors (expressed per 100,000 person-years) by the length of the  
preseroconversion window period (expressed as a fraction of a year).  
This length for anti-HIV was derived from published data: 
22 days (range, 6-38 days).12

Five blood transfusion services belonging to five countries of sub-
Saharan Francophone Africa participated in the study: Burkina Faso, 
Congo, Ivory Coast, Mali, and Senegal. For each participating center,  
the study period corresponded to the time for which established 
blood donation databases were available. Each center was invited to 
complete a questionnaire pertaining to the following: the duration 
of  the study period; the total number of donors who donated blood 
at least twice during the study period; the total number of blood 
donations tested for HIV among the donors who donated blood at 
least twice during this period; the number of donors having made an 

HIV-negative blood donation followed by an HIV-positive donation 
(whatever the interval between the two donations  included in 
the study period); for included HIV-positive donors, the dates of 
the two donations, the assays used for the HIV Ab screening, and 
the obtained results in positive samples (sample/cutoff value or 
qualitative result for rapid tests); the method used to confirm 
positive results (additional testing on the same sample, confirmatory 
assay, or positive result in a subsequent sample); the  type of donor 
(familial or volunteer); and the sex and age of all HIV-positive donors.

Incidence rates were calculated for the donors who donated at 
least twice during the study period. The number of incident cases 
(numerator) was the number of donors who gave a negative 
donation followed by a confirmed HIV-positive blood donation.

In the original model, the denominator, expressed as person-years, 
was calculated as the sum of the intervals in days (divided by 365) 
between the first and the last donation for all donors during the 
study period, irrespective of the HIV status. As this variable was 
not available for negative donors, the number of person-years was 
calculated as the number of donations made by individuals who  
have donated at least twice during the study period, by the mean 
interval (in years)  between donations from  these donors. For each  
center, the mean interdonation interval (IDI) in years  was obtained 
by dividing the number of donations by the number of donors and  
by multiplying this ratio by the duration of the study period. The 
IDI for the seroconverting donors was calculated directly from the 
date of the last HIV-negative and the last HIV-positive donation. 
The 95% confidence intervals (95% CIs) of the incidence rates were   
obtained by the Fleiss quadratic method, which is adapted when 
proportions are low.

RESULTS

The total number of individuals who donated at least twice during 
the study period was 66,341 for the five participating countries, 
corresponding to a total of 192,109 blood donations. The mean 
number of blood donations per donor ranged from 1.2 to 3.3. 
Table 1 details these characteristics for each country. As detailed 
in Table 2, three countries (Burkina Faso, Ivory  Cost,  Mali) used 
a p24 Ag/Ab combination assay (Genscreen HIV Plus, Bio-Rad, 
Marnes-la-Coquette, France; Genscreen HIV Ag/Ab Ultra, Bio-
Rad; or Murex HIV combination assay, Abbott, Rungis,  France) 
for screening blood donations during the entire study period; one 
country (Senegal) used alternatively a p24 Ag/Ab combination assay 
or a rapid test (Determine HIV, Abbott) for screening; one country 
(Congo) changed its screening strategy over the study period (see  
Table 2). In all participating countries, positive results were not  
confirmed by a specific confirmatory assay, but with various other 
strategies (donation repeatedly positive with the screening assay,  
donation positive with a different assay, and/or result positive on 
a subsequent sample).

The number of incident HIV-positive donations, which ranged from 4 
to 83 according to the different countries, is given in Table 1. These  
incident cases  occurred predominantly in males in four countries. 
The mean (range) age of HIV-positive donors was 33.7 (28.8-40.3). 
The mean IDI ranged from 331 to 1111 days for all donors and from  
123 to 408 days for HIV-positive donors.

The number of incident HIV-positive donations, which ranged from 4 
to 83 according to the different countries, is given in Table 1. These 
incident cases occurred predominantly in males in four countries.
The mean (range) age of HIV-positive donors was 33.7 (28.8 - 40.3). 
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The mean IDI ranged from 331 to 1111 days for all donors and 
from 123 to 408 days for HIV-positive donors. Table 3 indicates the 
incidence rates of HIV-positive donors per 100,000 person-years, and 
the RRas expressed per 1 million donations and as the prevalence 
of a unit HIV-infected but negative for HIVAb for each participating 
country.The incidence rates varied between the countries by a factor 
of 3.5, from 18.4 per 100,000 person-years in Senegal to 64.9 per 
100,000 person-years in Congo. Only Senegal had an incidence rate.

In our study, new donors varied from 19% in Congo to 72% in Burkina 
Faso, giving a percentage of new blood donations going from 10%  
to 51%, when taking into account the frequency of donations in 
regular donors. We were guided by the hypothesis that  in each  
country in our study, HIV incidence would  be three times higher in 
new donors than in regular donors, and the estimated RR for all of 
the blood donations would vary from 1 per 55,000 in Senegal to 1 
per 14,000 in Mali.

TABLE 1: Number of donors, blood donations, 
and incident cases of HIV-positive blood donations and mean IDIs in the five participating countries

Country  
 Months 
(study period)

Number of 
donors* having 
made at least 
two donations 

during the 
period

Number of 
donations 
made by 

these donors 
during the 

period

Mean 
number 

of 
donations 
per donor

Mean IDIs (days)

Number 
of HIV 
cases†

Sex ratio of 
HIV incident 
cases (male/

female)

Mean age 
of HIV 

incident 
cases 

(years)
All 

donors

HIV-
positive 
donors

Burkina Faso 36 
(Jan 1, 2006 -
Dec 31, 2008)

6,629 16,334 2.5 444 236 6 42125 31.3

Congo 72 
(Dec 1, 2002 -
Dec 5, 2008)

5,653 11,140 2 1111 217 22 42141 40.3

Ivory Cost 36 
(Jan 1, 2003 -
Dec 31, 2005)

42,799 134,918 3.1 347 273 83 58/25 32.4

Mali 24 
(Jan 1, 2006 -
Dec 31, 2007)

4,008 5,721 1.2 511 123 5 42095 28.8

Senegal 36 
(Jan 1, 2006 -
Dec 31, 2008)

7,252 23,996 3.3 331 408 4 0/4 33

	 * 	 All were volunteer donors.
	 †	 Defined as donors having made, during the study period, a HIV-negative donation followed by a HIV-positive donation.

TABLE 2: Assays used for the screening of blood donations in the five participating countries

Country

Number 
of HIV 

incident 
cases

Assays used for the screening 
when the negative donation 

preceding the positive 
donation was tested

Assays used for the 
screening when the 

positive donation was 
tested Confirmation methods

Burkina Faso 6 p24 Ag/Ab assay* (n = 6) p24 Ag/Ab assay* (n = 6) Donation repeatedly positive with the screening assay 
AND positive with a different assay AND positive on a 
subsequent sample.

Congo 22 p24 Ag/Ab assay* (n = 17)
Ab assay† (n = 1)
Ab assay† (n = 4)

p24 Ag/Ab assay* (n = 17)
Ab assay† (n = 1)
p24 Ag/Ab assay* (n = 4)

Donation repeatedly positive with the screening assay
AND positive with a different assay.

Ivory Cost 83 p24 Ag/Ab assay* (n = 83) p24 Ag/Ab assay* (n = 83) Donation repeatedly positive with the screening assay
OR positive with a different assay.

Mali 5 p24 Ag/Ab assay* (n = 5) p24 Ag/Ab assay* (n = 5) Donation positive with a different assay.

Senegal 4 Rapid test‡ (n = 2)
p24 Ag/Ab assay* (n = 2)

p24 Ag/Ab assay* (n = 2)
Rapid test‡ (n = 2)

Donation repeatedly positive with the screening assay
AND positive with a different assay AND positive on a 
subsequent sample.

	 * 	 Genscreen HIV Plus (Bio-Rad), Genscreen HIV Ultra (Bio-Rad), or Murex HIV combination assay (Abbott).
	 †	 Murex HIV1.2.0 (Abbott).
	 ‡	 Determine HIV (Abbott).
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To control for shorter  IDIs among HIV-positive donors compared 
to IDIs among negative blood donors, another study proposed 
multiplying the incidence rate by an adjustment factor that  
represented the mean IDI for all donors divided by the mean IDI for 
seroconverting donors.14  If this adjustment factor is applied to the  
incidence data from our study the risk would be greatly increased 
for Congo (1/5000) and Mali (1/6400), while for the three other 
countries, the impact would be much less important (Burkina Faso, 
1/29,000; Ivory Coast, 1/20,200; Senegal, 1/111,000) because their  
differences between IDIs among HIV-positive and HIV-negative blood 
donors is less important.

DISCUSSION

Surprisingly little research had been done to assess the risk of 
HIV transmission by blood transfusion in sub-Saharan Africa, 
and most published studies are constrained by small number of 
blood donations or  blood donors, cross-sectional design, and  
data from hospital-based blood banks only. However, reliable 
information on  the  risk of transfusion-transmitted HIV infection is 
of great importance, to monitor the efficacy of current preventive 
measures and to convince authorities (governments or international 
organizations) of the need to improve transfusion safety. Our study is 
the first to quantify the risk of transfusion-transmitted HIV infection 
across sub-Saharan Africa through the combined participation of 
blood centers of five countries using a common method (incidence 
of HIV infections in repeat donors).

RR estimates differed according to country with Senegal displaying 
the lowest risk when compared to the other countries. This may  be 
due  to a lower incidence of HIV infection in the  general population in 
Senegal or to improved selection of blood donors. Our estimates are 
lower than the previously published data for two countries (1/8562 
donations in Guinea15 and 1/5780 donations in Ivory Coast9). 
Plausible reasons for this  difference for Guinea include an  earlier 
study period (1999-2000) with small size  population (529 donors). 
The difference with Ivory Coast is more difficult to explain, since 
the study periods overlap. For Senegal, a previous study estimated 
the risk to 1 per  28,571,16 which is consistent with our findings.

A recent study using a mathematic model applied to literature data 
shows that the median overall risk of acquiring HIV infection from 
a single unit of whole blood in sub-Saharan Africa was 1 per 1000  
units,10 which is higher than the overall risk observed in our study. 
For the four countries included in both studies, estimates were lower 
(Congo, 1/1313 vs. 1/25,600 in our study; Ivory Coast, 1/1231 vs. 
1/25,700; Mali, 1/1250 vs. 1/26,600; Senegal, 1/615 vs. 1/90,200). 
These differences may be partly explained by the fact that the 
model used by Jayaraman and colleagues10 is based on estimates 
of HIV prevalence in donors going back more than 5 years that may 
have since decreased. The observed decrease in HIV prevalence of 
Senegalese donors from 2.23% in 2003 to 0.80% in 2005 supports 
this explanation as the prevalence in the model of Jayaraman and 
colleagues was 3%.16 Moreover, the estimates of transfusion risk are 
based on prevalence, while  incidence would be more adequate. 
Finally, the model included the risk linked to blood donations, which 
would not be screened for HIV infection, while our estimates only  
relate to the risk from the preseroconversion “window period,” 
since  all blood donations were screened for HIV infection in our   
five participating centers.

It would be interesting to compare the HIV incidence in the general 
population with that estimated in blood donors. Unfortunately, 
estimates of incidence in the general population are difficult to 
obtain. A recent review of published studies on HIV incidence in 44 
countries of sub-Saharan Africa17 showed that only 15 of them had 
available incidence estimates. Among them, only one is included 
in our study, Ivory Coast, where HIV incidence in pregnant women 
was between 1 and 3%.18 In consequence, the estimated incidence 
in repeat blood donors would be between 15 and 50 times lower  
than that estimated in pregnant women.

The comparison between prevalence in the general population and 
estimated RR in the five participating countries indicates that our 
results are plausible: the countries having the highest HIV transfusion 
risk (Ivory Coast and Congo) are also those with the highest 
prevalence in the general population (4.7 and 3.2%, respectively) 
while Senegal, which had the lowest risk, had also lowest prevalence 
(0.7%); Burkina Faso, which had an intermediate risk, also had 
prevalence between these two groups of countries (1.8%).19

TABLE 3: Incidence rates and RR of transfusion-transmitted HIV infection associated 
with the window period in the five participating countries

Country
Months 

(study period)
Person-

years
Number of 

incident cases
Incidence rates per 

100,000 per year (95% CI)
RR per 1 million 

donations (95% CI)
RR per number of 
donations (95% CI)

Burkina 
Faso

36 
(Jan 1, 2006 -
Dec 31, 2008)

19,887 6 30.2 
(12.3-69.3)

18.2 
(2.0-72.1)

1/55,000 
(1/500,000-1/13,900)

Congo 72 
(Dec 1, 2002 -
Dec 5, 2008)

33,918 22 64.9 
(41.7-100.0)

39.1 
(6.9-104.1)

1/25,600 
(1/145,000-1/9,600)

Ivory Cost 36 
(Jan 1, 2003 -
Dec 31, 2005)

128,397 83 64.6 
(51.8-80.6)

39.0 
(8.5-83.9)

1/25,700 
(1/118,000-1/11,900)

Mali 24 
(Jan 1, 2006 -
Dec 31, 2007)

8,016 5 62.4 
(23.0-154.6)

37.6 
(3.8-161.0)

1/26,600 
(1/263,000-1/6,200)

Senegal 36 
(Jan 1, 2006 -
Dec 31, 2008)

21,756 4 18.4 
(5.9-50.6)

11.1 
(1.0-52.6)

1/90,200 
(1/1,000,000-1/19,000)
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Our approach has limitations, with potential for both underestimation 
as well as overestimation of risk. One of the causes of the   
underestimation may be the false-negative results due to the lack 
of sensitivity of rapid tests reported to be linked  with a low Ab 
titer20-22 or to the viral diversity.23,24 The latter may extend to viral 
variants not recognized by serologic tests in Africa due to divergent 
HIV-1 subtypes; for example, Subtypes A1, D, and C are predominant 
in Eastern and Southern Africa, whereas recombinant forms such  
as CRF02-AG and CDF06-cpx represent the majority in Western 
Africa.25 The risk of HIV transmission by transfusion may also stem 
from poor quality or poor performance of assays,26 linked to lack of 
technical expertise or to unfavorable conditions in which the test 
kits are stored and the assays are performed as well as unforeseen 
equipment failure and deficient or absent quality assurance.27,28

Underestimation of risk may also arise through incomplete 
accounting donations and restricting study to donors who have  
donated twice during the observational period. In South Africa,  
the RR linked to the window period was three times higher in new  
donors (1/18,323) than in regular donors (1/55,393).29

An underestimation may be due to lower mean IDI in HIV-positive 
donors than in  HIV-negative donors. Since for Congo  and  Mali 
the  mean IDI in HIV-positive donors was  much lower  than in  HIV-
negative donors, our  data appeared to show  that  the probability 
of an infectious window period donation may be greater than 
the  mean probability, as calculated by the basic equation of the 
incidence/window period model.

Overestimation of risk may be due to the occurrence of both false-
negative results on the donation preceding the positive donation  
and false-positive results in the “HIV-positive” donation due to 
the absence of a reliable confirmatory strategy, leading to the  
misclassification of the donor as an incident case.  Another cause 
of overestimation is the  window period length used in  our  study, 
which was that established with Ab assays (22 days).
 
Indeed, although different methods for the Ab screening were used, 
our RR model was based on a single window period estimate across 
all countries. The window period would be reduced by 5 or 6 days  
with the HIV combined p24  Ag and Ab assay,30 which was used in  
some of the participating centers.

The limited study period and number of participating centers 
impose a limitation on the findings, particularly with respect to  
comparisons between countries. Finally, our results may not be 
widely generalizable, for example, to smaller, rural African blood 
centers, since our data were derived from  major blood centers in 
the  capitals of each study country. Hemovigilance studies estimate 
HIV RR by testing all blood recipients before and several months 
after transfusion to identify newly HIV-infected recipients. While  
such studies have been conducted in France and other countries, 
they would be very difficult  to perform in sub-Saharan Africa. Our  
results therefore constitute the most reliable data available at this 
time on the transfusion risk for HIV infection in sub-Saharan Africa, 
despite the acknowledged limitations.

There are a number of measures that  can be adopted to address 
residual transfusion risk. Foremost is a strengthening of donor 
selection and restricting blood donations to regular, volunteer, 
nonremunerated blood donors, recruited from groups at low risk 
of blood-borne and sexually transmitted agents. Collections from 
paid donors, who are known to be at higher risk than other donors, 
should be discouraged.31 In our study, all donors were volunteer, 

nonremunerated blood donors, suggesting that other measures 
should be adopted, for example, rigorous biologic screening of blood 
donations and improved quality control systems in African centers 
as recommended by the WHO.32

These measures should serve as an adjunct to other public health 
interventions, such as improving transfusion practice to avoid 
unnecessary blood transfusions and prevention and proactive 
management of pathologies associated with anemia in sub-Saharan 
Africa, for example, obstetric hemorrhage, nutritional deficiencies, 
and malaria and other infectious diseases, all of which may lead to 
downstream blood transfusion.

These measures are all the more important since other measures 
are not applicable in the large majority of countries of sub-
Saharan Africa: HIV NAT, as routinely practiced in blood banks of 
most industrialized countries, would bring a significant benefit to 
transfusion safety, as reported by some African studies.26,33 However, 
its cost and technical and logistic constraints make it inapplicable to 
most African blood banks, except in South Africa, where the residual 
transmission risk of HIV by transfusion has  been estimated to 1 in 
479,000 after the implementation of NAT.29 HIV Ag/Ab assays34 could 
be more broadly used on a cheaper manner than NAT.

REFERENCES

1.	 Tagny CT, Diarra A, Yahaya R, Hakizimana M, Nguessan A, Mbensa 
G, Nebie  Y, Dahourou H, Mbanya D, Shiboski C, Murphy E, Lefrere  
JJ. Characteristics of blood donors and donated blood in sub-
Saharan Francophone Africa. Transfusion 2009;49:1592-9.

2.	 Tagny CT, Mbanya D, Tapko  JB, Lefrere JJ. Blood safety  in 
sub-Saharan Africa: a multi-factorial problem. Transfusion 
2008;48:1256-61.

3.	 O’Brien SF, Yi QL, Fan W, Scalia V, Kleinman SH, Vamvakas EC. 
Current incidence and estimated residual risk of transfusion-
transmitted infections in donations made to Canadian Blood 
Services.  Transfusion 2007;47:316-25.

4.	 Pillonel J, Barin F, Laperche S, Bernillon P, Le Vu S, Brunet S, 
Thierry D, Desenclos JC. Human immunodeficiency virus type  
1 incidence among blood donors in France, 1992 through 2006: 
use of an immunoassay to identify recent infections. Transfusion 
2008;48:1567-75.

5.	 Marshall DA, Kleinman SH, Wong JB, AuBuchon JP, Grima DT, 
Kulin NA, Weinstein MC. Cost-effectiveness of nucleic acid 
test  screening of volunteer blood donations for hepatitis B,               
hepatitis C and human immunodeficiency virus in the  United 
States. Vox Sang 2004;86:28-40.

6.	 World Health Organization. Aide mémoire n°279. Don de sang 
et sécurité transfusionnelle: perspective mondiale. 2005. [cited  
2010 Sep 6]. Available from: http://www. who.int/mediacentre/
factsheets/fs279/fr/index.html

7.	 Candotti D, Sarkodie F, Allain JP. Residual risk of transfu- sion  in 
Ghana. Br J Haematol 2001;113:37-9.

8.	 Loua A, Magassouba FB, Camara M, Haba NG, Balde AM. [Four  
year management of HIV serology at the  National Center of Blood 
Transfusion in Conakry]. Bull Soc Pathol Exot 2004;97:139-41.

9.	 Ouattara H, Siransy-Bogui L, Fretz C, Diane KM, Konate S, Koidio 
A, Minga KA, Hyda J, Koffi-Abe N, Offoumou AM, Abissey S. 
Residual risk of HIV, HVB and  HCV transmission by blood 
transfusion between 2002 and 2004 at the Abidjan National 
Blood Transfusion Center. Transfus Clin Biol 2006; 13:242-5.

10.	Jayaraman S, Chalabi Z, Perel P, Guerriero C, Roberts I. The risk 
of transfusion-transmitted infections in sub-Saharan Africa. 
Transfusion 2010;50:433-42.



12  

December 2015, Volume 18, no. 1Africa Sanguine

11.	Schreiber GB, Busch MP, Kleinman SH, Korelitz JJ. The risk 
of transfusion-transmitted viral infections. The Retrovirus 
Epidemiology Donor Study.  N Engl J Med 1996;334:1685-90.

12.	Busch MP, Lee LL, Satten GA, Henrard DR, Farzadegan H, Nelson 
KE, Read S, Dodd RY, Petersen LR. Time course of detection of 
viral and serologic markers preceding human immunodeficiency 
virus type 1 seroconversion: implications for screening of blood 
and tissue donors. Transfusion 1995;35:91-7.

13.	Fleiss J. Statistical methods for rates and  proportions. 2nd ed. 
New York: John Wiley; 1981.

14.	Soldan K, Barbara JA, Ramsay ME, Hall AJ. Estimation of the risk of 
hepatitis B virus, hepatitis C virus and  human immunodeficiency 
virus infectious donations entering the blood supply in England, 
1993-2001. Vox Sang 2003; 84:274-86.

15.	Loua A, Sow EM, Magassouba FB, Camara M, Balde MA. 
Evaluation of residual infectious risk among blood donors in 
National Center of Blood Transfusion in Conakry. Transfus Clin 
Biol 2004; 11:98-100.

16.	Toure-Fall AO, Dieye TN, Sall A, Diop  M, Seck M, Diop S, Thiam 
D, Diakhate L. Residual risk of transmission of HIV and  HBV, in 
Senegalese national blood bank from  2003 to 2005. Transfus 
Clin Biol 2009;16:439-43.

17.	Braunstein SL, van de Wijgert JH, Nash D. HIV incidence in sub-
Saharan Africa: a review of available data with implications for 
surveillance and prevention planning. AIDS Rev 2009;11:140-56.

18.	Sakarovitch C, Alioum A, Ekouevi DK, Msellati  P, Leroy V, Dabis F. 
Estimating incidence of HIV infection in childbearing age African 
women using serial prevalence data from antenatal clinics. Stat 
Med 2007;26:320-35.

19.	UNAIDS/World Health Organization. AIDS Epidemic Update 
2009: November 2009. 2009.

20.	Plate DK. Evaluation and implementation of rapid HIV tests: the  
experience in 11 African countries. AIDS Res Hum Retroviruses 
2007;23:1491-8.

21.	Kshatriya R, Cachafeiro AA, Kerr RJ, Nelson JA, Fiscus SA. 
Comparison of two rapid human immunodeficiency virus (HIV) 
assays, Determine HIV-1/2 and OraQuick Advance Rapid HIV-
1/2, for detection of recent HIV seroconversion. J Clin Microbiol 
2008;46:3482-3.

22.	Mayhood MK, Afwamba IA, Odhiambo CO, Ndanu E, Thielman 
NM, Morrissey AB, Shao JF, Pence BW, Crump JA. Validation, 
performance under field conditions, and cost-effectiveness of 
CapillusTM HIV-1/HIV-2 and DetermineTM HIV-1/2 rapid HIV 
antibody assays using sequential and parallel testing algorithms 
in Tanzania. J Clin Microbiol 2008;3946-51.

23.	Plantier JC, Djemai M, Lemee V, Reggiani A, Leoz M, Burc L, 
Vessiere A, Rousset D, Poveda JD, Henquell C, Gautheret-Dejean 
A, Barin F. Census and  analysis of per- sistent false-negative 
results in serological diagnosis of human immunodeficiency virus 
type 1 group O infections. J Clin Microbiol 2009;47:2906-11.

24.	Gautheret-Dejean A, Mesmin-Poho S, Birguel J, Lemee V, Huraux 
JM, Plantier JC. Unequal detection of HIV type  1 group O 
infection by simple rapid tests. Clin Infect  Dis 2008;46:1936-7.

25.	Lihana RW, Khamadi SA, Kiptoo  MK, Kinyua JG, Lagat N, Magoma 
GN, Mwau  MM, Makokha EP, Onyango V, Osman S, Okoth  FA, 
Songok  EM. HIV type 1 subtypes among STI patients in Nairobi: 
a genotypic study based on partial pol gene  sequencing. AIDS 
Res Hum Retroviruses 2006;22: 1172-7.

26.	Owusu-Ofori S, Temple J, Sarkodie F, Anokwa  M, Candotti D, 
Allain JP. Predonation screening of blood donors with rapid tests:  
implementation and efficacy of a novel approach to blood safety  
in resource-poor settings. Transfusion 2005;45:133-40.

27.	Dhingra N, Hafner V, Xueref S. Hemovigilance in countries with 
scarce resources. Transf Alt Transf Med 2003;5:277-84.

28.	Moore A, Herrera G, Nyamongo J, Lackritz E, Granade T, 
Nahlen B, Oloo A, Opondo G, Muga  R, Janssen R. Esti- mated 
risk of HIV transmission by blood transfusion in Kenya. Lancet 
2001;358:657-60.

29.	Vermeulen M, Lelie N, Sykes W, Crookes R, Swanevelder J, 
Gaggia L, Le Roux M, Kuun  E, Gulube S, Reddy R. Impact of 
individual-donation nucleic acid  testing on risk of human 
immunodeficiency virus, hepatitis B virus, and hepatitis C virus 
transmission by blood transfusion in South Africa. Transfusion 
2009;49: 1115-25.

30.	Ly TD, Ebel A, Faucher V, Fihman V, Laperche S. Could the new 
HIV combined p24 antigen and  antibody assays replace p24 
antigen specific assays?  J Virol Methods 2007; 143:86-94.

31.	Bates I, Manyasi G, Medina Lara A. Reducing replacement donors 
in sub-Saharan Africa: challenges and  affordability. Transfus Med 
2007;17:434-42.

32.	Laperche S, Boukatou G, Kouegnigan L, Nebie Y, Boulahi MO, 
Tagny CT, Yahaya R, Tapko JB, Murphy E, Lefrere JJ. Transfusion 
safety  on the  African continent: an interna- tional quality control 
of virus testing in blood banks. Transfusion 2009;49:1600-8.

33.	Candotti D, Temple J, Owusu-Ofori S, Allain JP. Multiplex real-time 
quantitative RT-PCR assay for hepatitis B virus, hepatitis C virus, 
and  human immunodeficiency virus type 1. J Virol Methods 
2004;118:39-47.

34.	Tagny CT, Mbanya D, Leballais L, Murphy E, Lefrere JJ, Laperche 
S. Reduction of the  risk of transfusion-transmitted human 
immunodeficiency virus (HIV) infection by using a HIV antigen/
antibody combination assay in blood donation screening in 
Cameroon. Transfusion 2011; 51:184-90.




