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Abstract 

Background  The high endemicity of transfusion-transmissible infections (TTIs) in sub-Saharan Africa is a real public 
health problem. To reduce the risk of HIV transmission through blood donation, the NBTC of Gabon has launched in 
recent years a reorganization of its blood transfusion system. This study aims to characterize the molecular strains of 
HIV-1 circulating in donors and to estimate the risk of viral transmission.

Materials and methods  A cross-sectional study was carried out during the period from August 2020 to August 
2021 among 381 donors who had agreed to donate blood at the National Blood Transfusion Center (NBTC). Viral load 
was determined by Abbott Real-Time (Abbott m2000®, Abbott) and sequencing by the Sanger method (ABI 3500 
Hitachi®). The phylogenetic tree was constructed by MEGA X software. Data were checked, entered, and analyzed 
using SPSS version 21.0 software, with p ≤ 0.05 considered statistically significant.

Results  A total of 381 donors were enrolled in the study. Among the 359 seronegative donors, five (5) seronegative 
donors were detected positive for HIV-1 using Real-Time PCR. The residual risk was 648 per 1,000,000 donations. The 
prevalence of residual infection was 1.4% [0,01; 0,03]. Sixteen (16) samples were sequenced. The strains obtained were 
CRF02_AG (50%), subtype A1 (18.8%), subtype G (12.5%), CRF45_cpx (12.5%) and subtype F2 (6.2%). Six sequences 
clustered with A1, G, CRF02_AG, and CRF45_cpx subtypes.

Conclusion  The residual risk of HIV-1 transmission by blood transfusion remains a concern in the Gabonese transfu‑
sional settings. A policy based on improving the current screening strategy would involve the implementation of the 
nucleic acid test (NAT) in order to optimize the safety of the donation by detecting the HIV-1 subtypes in circulation in 
the donors.
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Background
The residual risk of HIV is a problem that daily threat-
ens the safety of donation in all blood banks around the 
world. The transmission of transfusion-transmissible 
infections (TTIs) remains a real problem in transfusion 
settings around the world [1–5].

In developed countries, this risk has been reduced con-
siderably for more than a decade in the transfusion set-
tings of these countries. The financial means granted by 
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these countries have contributed to the improvement of 
transfusion safety in order to prevent any transmission of 
infectious agents [6–9].

Blood transfusion safety in developing countries is 
constantly threatened by bloodborne pathogens circu-
lating in the population. These pathogens are essentially 
transmitted during the serological window (i.e. the time 
when the infection is transmitted and the time when the 
serological test can reliably detect this infection). How-
ever, the screening strategies put in place to secure blood 
donations still prove to be ineffective in considerably 
reducing the residual risk of infectious agents (such as 
HIV) in blood banks. These countries must then review 
their strategy about transfusion safety in the various 
blood banks [10–14].

In Gabon, the risk of HIV transmission was estimated 
at 64.7 per 1,000,000 donations in 2014. The safety of 
the donation must be reinforced considerably by better-
adapted screening strategies. However, means are needed 
to achieve optimal donation security. The quality of rea-
gents used in blood banks needs to be reviewed. Ensure 
that these reagents have been pre-screened locally to 
ensure the safe screening of blood donations. The eval-
uation should not be limited to rapid screening tests 
(RDTs) but also to 4th generation tests (ELISA) dedicated 
to blood donation screening. If these conditions are not 
respected, this can weaken the security of the donation 
by exposing the recipient to any infectious intrusion 
[15–17].

The inefficiency of certain Elisa tests to be able to 
ensure the safety of the donation must require the imple-
mentation of nucleic acid research by the use of the 
nucleic acid test (NAT). This will considerably reduce the 
risk of transmission of viral strains in a transfusion set-
ting. This is explained by the difference in the two resid-
ual risks estimated at the NBTC in 2014 and during the 
study (in 2021), which is probably due to the techniques 
(ELISA and NAT respectively) used for the detection 
of incident cases. This is why countries in Sub-Saharan 
Africa must implement NAT in the largest banks in the 
countries [18–21].

The strains of HIV-1 circulating in the population 
are significant. This genetic diversity of HIV-1 which is 
important in Gabon is justified by its geographical loca-
tion because Gabon is one of the countries of Central 
Africa which abounds in almost all strains of HIV-1 [22]. 
Detailed knowledge of current genetic diversity allows 
better care of infected people and monitoring of strains 
in the evolution of the infection. Controlling genetic 
diversity in transfusional setting also makes it possible to 
better strengthen donation screening strategies because 
this genetic diversity has a negative impact on serological 

screening tests (on the sensitivity and accuracy of the 
test) increasing the risk of transmission.

The objective of this study is to estimate the risk of viral 
transmission and to characterize the molecular strains of 
HIV-1 circulating in donors.

Methods
Study design and setting
A cross-sectional study was conducted at the National 
Blood Transfusion Center (NBTC) in Gabon and at the 
Chantal Biya International Reference Center (CBIRC) 
in Cameroon during the period from August 2020 to 
August 2021. The serological analysis (ELISA 4th gen-
eration) was carried out at the NBTC and the molecular 
analysis (viral load and sequencing) was carried out at the 
CBIRC. The donors included in the study were eligible 
for the study criteria (being between the ages of 18 and 
55, Having donated blood to the NBTC only, etc.) and 
having donated blood once during the collection period 
for the estimation of the residual risk. of HIV-1.

HIV serological screening algorithm in a transfusion setting
The implementation and rigorous application of a screen-
ing algorithm have always contributed to the safety of 
donation in transfusion setting. The safety of blood 
donation has always been part of the field of biological 
qualification. The screening of HIV in a transfusion set-
ting was carried out taking into account an algorithm 
allowing better discrimination of HIV in blood banks, 
particularly in countries with limited resources [23]. For 
this, certain serological markers such as the anti-HIV-1/2 
antibody and the p24 antigen have always been sought 
in blood donors in the context of limited resources. And 
for this, two serological tests were used simultaneously 
(ELISA 4th generation and Chemiluminescence: case of 
the NBTC). The first test was used to screen all donations 
and the second test confirmed all donations declared 
negative on the first test. Only blood bags declared neg-
ative on both tests (1st test and 2nd test) were used for 
distribution to recipients. On the other hand, all blood 
bags with positive serology at the first test and indetermi-
nate serology were destroyed (Fig. 1).

Serological analysis
A blood sample was taken in an EDTA tube for sero-
logical analysis from each donor. The techniques used to 
detect the p24 antigen and anti-HIV-1 (groups M and O) 
and HIV-2 antibodies in donor plasma were the ELISA 
technique (Evolis®, BioRad, France), and the chemilu-
minescence technique (Cobas® 6000 e601, Roche, Ger-
many). Serological analysis was performed according to 
the manufacturer’s protocol.
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Molecular analysis
Viral load quantification
Quantification of the viral load was carried out using 
the Real-Time PCR technique (Abbott m2000®, Abbott, 
USA) by searching for nucleic acid (RNA) in the plasma 
of donors where the extractive phase had taken place on 
Abbott m2000sp and the amplification phase on Abbott 
m2000rt. Molecular analysis was performed according 
to the protocol of the manufacturer Abbott. The molecu-
lar analyzes were carried out at the CBIRC. The different 
primers used for amplification:

Prime direction: 5’GAC AGG CTA ATT TTT TAG 
GG 3’,
Antisense primer: 5’ TTT CCC CAT ATT ACT ATG 
CTT 3’.

Sequencing of HIV‑1 strains
All the sixteen strains sequenced were selected after 
having analyzed all the seropositives by Real-time PCR. 
Depending on the sequencing technique used (Sanger 

method, ABI 3500, Hitachi, Japon), the detection of viral 
genotypes/strains would be limited to majority popula-
tions (covering at least 20% of the viral population pre-
sent in the individual concerned). A nested PCR was 
performed to separately amplify the protease (PR) and 
reverse transcriptase (RT) genes from the cDNA syn-
thesized using the Invitrogen® kit. The reaction mixture 
consisted of 0.75 µl of the BS primer, 0.75 µl of the TAK3 
primer, 0.8 µl of dNTPs, 3 µl of MgCl2, 5 µl of Buffer TAQ 
10x, 33.95 µl of H2O, and 0 0.75 µl of TAQ Gold. Then 
45  µl of the master mix was dispensed into the micro-
tube while working on ice. Then 5 µl of the sample was 
distributed in the microtube under the hood. And the 
amplification was done in a thermal cycler. A fragment 
of amplicons for the PR and RT genes were generated 
and confirmed by agarose gel electrophoresis. The puri-
fication of the Nested-PCR product was done by adding 
5 µl of enzymes (ExoSAP-IT) in 13 µl of the Nested-PCR 
product and it was carried out in the thermal cycler. The 
sequencing reaction used eight (8) primers (B, F, SEQ1, 
SEQ2, SEQ3, SEQ4, SEQ5, and TAK3) which completely 
covered the fragment (about 1300 Bp) to be sequenced. 

Fig. 1  Algorithm for the diagnosis of HIV in a transfusion setting
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The reaction mixture was composed of 3.2 µl of primers, 
1.5 µl of Big Dye, 6.5 µl of Big Dye diluent, and 4.8 µl of 
H2O. An optical plate was used by distributing in each 
well 12  μl of Formamide HiDi then 7  μl of the purified 
sequence reaction. The denaturation is carried out at 
95° C. for 2 min. The reading of the optical plate is done 
using the ABI 3500 Hitachi sequencer. The RECALL® 
program was used for the interpretation of the chromato-
gram. The sequences were exported to Stanford HIV data 
for the identification of the strains involved.

The primers for the amplification of the Nested PCR 
were:

- 5’ GAC AGG CTA ATT TTT TAG GG 3’
- 5’ GGC TCT TGA TAA ATT TGA TAT GT 3’,

The primers used for the sequencing reaction were:

- 5’ AGC AGA CCA GAG CCA ACA GC 3’
- 5’ CCA TCC ATT CCT GGC TTT AAT 3’
- 5’ CAG GAA TGG ATG GCC CAA AA 3’
- 5’ TTG TAC AGA AAT GGA AAA GGA AGG 3’
- 5’ CCC TGT GGA AAG CAC ATT GTA 3’
- 5’ GCT TCC ACA GGG ATG GAA A 3’
- 5’ CTA TTA AGT CTT TTG ATG GGT CA 3’
- 5’-TTT CCC CAT ATT ACT ATG CTT-3’

Phylogenetic analysis
The evolutionary history of the strains was inferred using 
the Neighbor-Joining method. Phylogenetic analysis was 
performed after obtaining the sequences. The sequences 
were downloaded from the Los Alamos database. All 
sequences were purified and aligned using BioEdit soft-
ware. The construction of the phylogenetic tree of reverse 
transcriptase (RT) and protease (PR) sequences using 
Neighbor joining was generated by MEGA X software 
[24, 25]. The bootstrap consensus tree inferred from 500 
replicates was taken to represent the evolutionary history 
of the HIV-1 strains analyzed. Evolutionary distances 
were calculated using the composite maximum likeli-
hood method and are expressed as the number of base 
substitutions per site.

Statistical analysis
Data were checked, entered, and analyzed using SPSS 
software version 21.0 and EPI info 7.0. Descriptive data 
were presented as frequencies and percentages. The 
incidence rate (IR) was calculated for donors who were 
HIV-negative at baseline and became virus-positive (viral 
load detectable) after analysis by Real-Time PCR as the 
number of incident cases divided by the total number 
of person-years (PY). The number of person-years was 

calculated by multiplying the total study population by 
the study duration. The residual risk (RR) of transmis-
sion of a viral infection linked to the window period was 
estimated from the Schreiber equation by multiplying 
the incidence rate by the duration of the window period 
(17  days due to the technique used which is ELISA but 
22  days relate to RDTs) and the whole divided by 365 
[26, 27]. The P˂0.05 value was considered statistically 
significant.

Results
Prevalence of HIV‑1 infection according 
to socio‑demographic data, N = 381
A total of 381 donors were enrolled during the study. 
The prevalence of HIV-1 had no significant difference 
between men (7%) and women (7.2%), with P = 0.9482. 
The age group that had a slightly high prevalence was 
between 18 and 28  years old, which was 11.9% but not 
significant. A high prevalence of 13.2% was found in new 
donors, which was significantly higher than in regular 
donors (3%), P = 0.0002 (Table 1).

Risk of HIV transmission in transfusional setting
During the study, 381 donors were included in the study, 
ie 359 seronegative and 22 seropositive. Out of 359 seron-
egative, 5 seronegative donors proved to be viropositive 
(positive viremia) by Real-time PCR. The incidence rate 
(IR) and the residual risk (RR) were estimated, i.e. 1,400 
per 100,000 person-years (PY) and 648 per 1,000,000 
donations respectively. The prevalence of residual infec-
tion was 1.4% [0,01; 0,03] (Table 2).

Characterization of circulating HIV‑1 strains in donors
The study made it possible to characterize the strains of 
HIV-1 circulating in the donors and also to determine 
their frequency of appearance. During the study, 16 

Table 1  Prevalence of HIV infection according to socio-
demographic data, N = 381

Neg Negative, Pos Positive, % Percentage, N Number

Variables Neg (%) Pos (%) P-value

Sex Male 238 (93 18(7) 0.9482

Female 116(92.8) 9(7.2)

Age (years) 18–28 59 (88.1) 8 (11.9) 0.1437

29–39 202 (93.1) 15 (6.9)

40–50 69 (94.5) 4 (5.5) 0.5691

 > 51 24 0

Donation statua Former/Regular 223 (97) 7 (3) 0.0002

New 131 (86.8) 20 (13.2)

Type of donor Unrelated Voluntee 79 (91.9) 7 (8.1) 0.6391

Family 275 (93.2) 20 (6.8)
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strains of HIV-1 were sequenced. And out of 16 strains, 
there were 3 (18.8%) for the A1 subtype, 1 (6.2%) for the 
F2 subtype, 2 (12.5%) for the G subtype, 2 (12.5%) for 
CRF45_cpx, and 8 (50%) for CRF02_AG (Fig. 2).

Molecular phylogeny of HIV‑1 strains
Phylogenetic analysis of reverse transcriptase (RT) 
and protease (PR) sequences was performed with the 
Molecular Evolutionary Genetic Analysis Tool ver-
sion 10.0 (MEGA X). There was an evolutionary rela-
tionship between HIV-1 strains. The 10102092021POL 
and 49402092021POL sequences clustered with the 
recombinant CRF02_AG. The 31002092021POL and 
49902092021POL sequences clustered with the recom-
binant CRF45_cpx. The 19202092021POL sequence 
clustered with the subtype A1 and the 29006092021POL 
sequence clustered with the subtype G (Fig. 3).

Discussion
The residual risk of HIV-1 transmission in a transfusion 
environment is still a current problem in blood banks 
in all developing countries in general and in Gabon 
in particular. Our study looked at the residual risk of 

HIV-1 transmission and the genetic diversity of HIV-1 
in blood donors from the National Blood Transfusion 
Center of Gabon. The study revealed that the preva-
lence of HIV-1 had no significant difference between 
men (7%) and women (7.2%), P = 0.9482. However, the 
prevalence (13.2%) was significantly higher (P = 0.0002) 
in new donors than in regular donors. It is important 
to note that according to the WHO, new donors are at 
greater risk. In addition, new donors most often visit 
blood banks for the sake of knowing their HIV status 
for free after observing risky behavior. Some studies 
in Pakistan, Cameroon, Netherlands, Central African 
Republic (CAR), and Nigeria have also shown that new 
donors have high positivity [28–32]. Indeed, the preva-
lence of residual HIV-1 infection was 1.4%. But also the 
residual risk of HIV-1 transmission in the Gabonese 
transfusional settings, more precisely at the National 
Blood Transfusion Center in Libreville, was estimated 
at 648 per 1,000,000 donations as well as the incidence 
rate which was 14 per 1,000 people- years. These results 
showed that the residual risk of HIV-1 at the NBTC in 
Libreville was high compared to that estimated in 2014, 
which was 64.7 per 1,000,000 donations. And this could 
be explained by an inefficient screening strategy despite 
the use of 4th generation screening tests which some-
times do not undergo local evaluation or by the absence 
of tests detecting viral nucleic acid (RNA or DNA). in 
plasma. But also these data could be due to the different 
donor selection strategies implemented in blood banks 
that almost do not meet the requirements dictated by 
the World Health Organization (WHO) in order to 
eliminate a large acceptable number of donors. at risk. 
Some studies conducted in Cameroon, Ghana, Burkina 

Table 2  Estimation of residual risk and prevalence of residual 
infection in NBTC donors

PY Person-Year, PRI Prevalence of Residual Infection, IR Incidence Rate, RR 
Residual Risk, CI Confidence Interval

Person-Year Residual 
case

PRI [CI] IR for 
100,000 PY

RR for 1,000, 
000 of 
donations

359 5 1.4% [0.01; 
0.03]

1,400 648

Fig. 2  Characterization of molecular strains of HIV-1 in donors
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Faso and Tanzania have shown that the residual risk 
of HIV-1 is present and high in several blood banks 
in resource-limited countries [15, 33–37]. It should be 
noted that certain studies carried out in several coun-
tries have shown that the screening strategy based on 

the detection of antibodies and p24 antigen for HIV 
was limited compared to detection based on RNA 
research. This observation would become a necessity 
for the implementation of the nucleic acid test (NAT), 
especially in large transfusion centers in countries with 

Fig. 3  Phylogenetic tree of HIV-1 strains of interest and reference strains downloaded from the Los Alamos database. Out of eight identified 
clusters, two clusters are composed of sequences of interest which have grouped together and in the other six clusters it is the sequences of 
interest which are grouped around the reference sequences identified in Gabon, Equatorial Guinea, Italy, the Democratic Republic of Congo and the 
United States. A1, F2, G, CRF02_AG and CRF45_cpx strains were identified with colored symbols in red, green, yellow, blue and black respectively. 
Branches corresponding to partitions replicated in less than 50% of bootstrap replicates have been collapsed. The percentage of replicated trees in 
which related strains are clustered in the bootstrap test (500 replicates) is shown next to the branches
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limited resources. And it is preferable for the detec-
tion of infectious agents in blood banks to use a NAT 
with a lower detection threshold (for example 13.2 cop-
ies/ml) [38–41]. HIV-1 strains circulate daily in blood 
banks, more precisely at the NBTC in Gabon. The study 
had identified molecular strains that circulate among 
NBTC blood donors. And the frequency of appearance 
of these different strains was higher for CRF02_AG, for 
the A1 subtype, for the G subtype and for CRF45_cpx. 
The frequency of circulation of these strains of HIV-1 
among blood donors could be justified by the geograph-
ical location of the country which is one of the coun-
tries of Central Africa where almost all the different 
strains of HIV are found. -1. But also certain activities 
such as tourism and travel have allowed the circula-
tion of these strains from one country to another, from 
one continent to another. Some studies conducted in 
several countries of the world namely in Ghana, Nige-
ria, Cameroon and Mozambique have shown that the 
recombinant forms CRF02_AG and the A1 subtype 
were more representative [42–45]. Previous studies 
conducted in Gabon have shown an increasing genetic 
diversity of HIV-1 circulating in the general population. 
This growth is in favor of CRF02_AG strains (46.7%), 
subtypes A (19.6%), G (10.3%), F (4.7%), H (1.9%) 
and D (1.9%) [46]. The data from this study confirms, 
despite the small size of the study, that the CRF02_AG 
recombinants are in the majority, followed by the A1, 
G, F2 and CRF45_cpx strains. These data show that 
the genetic diversity of HIV-1 is as high in the general 
population as in the donor population. This evolution 
of the genetic diversity of HIV-1 in Gabon requires 
continuous monitoring of molecular epidemiology. In a 
transfusion setting, this genetic diversity of HIV being 
significant can have a negative impact on serological 
screening tests leading to false negatives. The monitor-
ing of molecular strains in the transfusion environment 
becomes necessary in order to reduce the transmission 
of strains. This would strengthen haemovigilance. Phy-
logenetic analysis of the study strains revealed an evo-
lutionary relationship between the A1, G, F2 subtypes 
and the recombinants CRF02_AG and CRF45_cpx. Six 
sequences of study clustered with A1, G, F2 subtypes 
and recombinants CRF02_AG, CRF45_cpx identified in 
Gabon, Belgium, in the United States, the Democratic 
Republic of Congo and Italy. This could be explained by 
the modification of the molecular map of HIV-1 strains 
which is due to socio-epidemiological factors, namely 
the migration and mobility of populations from one 
country to another and from one continent to another.. 
In addition, the phylogeny reinforces the argument 
that the circulation of strains in the sub-region (Cen-
tral Africa) or the world is very active, favoring several 

mutations, silent or not. Studies by several authors 
have shown that these strains (CRFO2_AG, A1, F2, G, 
CRF45_cpx) are predominant and circulating in the 
population [43, 47–49]. The data from this study should 
contribute to improving the screening strategy and epi-
demiological surveillance of the circulation of HIV-1 
strains in donors and also in the general population.

Conclusion
Viral transmission by blood transfusion persists in blood 
banks and must be reduced considerably. But it is up 
to decision-makers in the field of blood transfusion to 
implement a screening policy centered on nucleic acid 
research in large blood banks to considerably reduce the 
residual risk of transmission of viral agents threatening 
the health of receivers. The current donation screening 
strategy must be improved by only accepting for distri-
bution blood bags that test negative on the two serologi-
cal screening tests used (screening test and confirmation 
test). The use of NAT for screening donations will detect 
HIV-1 subtypes circulating in donors that are not detect-
able by serological tests. The genetic diversity of HIV-1 
is significant in a transfusion setting with an evolution-
ary relationship between the different viral strains of the 
study and reference identified in other countries charac-
terized by the presence of clusters.
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