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Blood samples were collected and kept frozen in good
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assays were submitted to confirmation analysis. Molecular markers of HCV were characterized.
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RESULTS: The seroprevalence of HIV and HCV in the
population of pregnant women was 4.1% and 0.2%
respectively. Among older women the seroprevalence
was higher and similar for HIV and HCV (6.1% vs
6.5%). The anti-HIV prevalence was not different in
young and older women (4.1% vs 6.1%). In contrast,
the anti-HCV prevalence was higher in older compared
to younger women (6.5% vs 0.2%, P < 0.01). Of 2
pregnant women who were HCV seropositive, only one
was polymerase chain reaction (PCR) reactive and infected by genotype 2, with a viral load of 1600 IU/mL.
Regarding older women who were HCV seropositive,
13 out of 15 were PCR reactive, infected by genotype
1 or 2. Globally HCV genotype 2 was predominant.
The positive predictive value (PPV) measured with
VIKIA HIV test in young women was 100% therefore
significantly higher than the 87.5% measured in older
women (P < 0.05). Conversely, the PPV measured with
Monolisa HCV assay in older women was 88.2% and
higher than the 14.3% measured in younger women (P
< 0.01).

Abstract
AIM: To estimate the prevalence of human immunodeficiency virus (HIV) and hepatitis C virus (HCV)
infections in women in Mali and to evaluate the performance of serological assays.

CONCLUSION: Whereas HIV prevalence was similar
in both subpopulations HCV was more frequent among
older women (P < 0.01). The PPV of screening assays
varied with the age of the subjects.

METHODS: Two prospective studies were conducted
in 2009 and 2010 in Mali. They concerned first, 1000
pregnant women attending six reference health centers
in Bamako (Malian capital) between May 26 and June
16, 2009; and secondly, 231 women over 50 years
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HIV prevalence is 1.3% in the general population
in Mali (EDSM-Ⅳ 2006, final report 2007)[11]. In Mali,
to prevent HIV mother to child transmission few rapid
tests exist for the screening of pregnant women who attend health centers for antenatal care. The VIKIA HIV
1/2 3rd generation test (BioMerieux) is both highly sensitive and specific, does not require complex equipment
and therefore could facilitate HIV testing especially in
poorer areas[12,13]. This prompted us to evaluate the effectiveness of this test in Malian women.
Our study was conducted in Bamako (Malian capital).
Mali is a country located in West Africa which borders
with Ivory Cost and Guinea Conakry to the South, Mauritania and Senegal to the West, Algeria to the North,
Niger to the East and Burkina Faso to the South-East
(Figure 1). Mali extends to 1 240 192 square kilometers
and comprises a population estimated at 13 415 205 inhabitants, among which 8 649 035 live in rural areas and
4 766 170 in urban areas[14]. The choice of Bamako was
warranted by the fact that this city achieved the maximum coverage rate of antenatal care (ANC) between
2006 and 2007, estimated at 85%-90%, with an ANC assiduity index at 2.12 to 2.21[15].
To estimate and compare the prevalence of both infections and evaluate HCV EIA performance, we undertook
a study in two populations of women in Mali: (1) Pregnant women (or young women): this population, although
exclusively female, is fairly representative of the general
population because the patients are not selected on specific
risk factors and are supposedly healthy[16]. Furthermore,
these women can be easily contacted and represent the
vector of the major modes of HIV transmission (sexual
and vertical); (2) Women over 50 years attending general
practice in two hospitals in Bamako: this second population is likely to be better informed on the epidemiology of
HCV, as suggested by Ndong-Atome et al[17] who described
an association between age and HCV seroprevalence.
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INTRODUCTION
Discovered in 1989 by Houghton and coworkers, the
hepatitis C virus (HCV) is the leading cause of chronic
hepatitis and cirrhosis in Europe and North America[1].
In these countries, before the introduction of preventive
measures such as blood donor selection and screening
of blood donations, blood transfusion was largely responsible for the transmission of HCV, and amounted
for up to 1/3 of cases[1].
The estimation of HCV prevalence in the general
population is imprecise because of the difficulty in collecting representative samples and the cost of such studies[1].
In 1999, WHO estimated that about 3% of the world
population was infected with hepatitis C and that at least
170 million chronic carriers of the virus were at risk of
complications of developing cirrhosis and hepatocellular
carcinoma, including more than 5 million in Europe[1,2].
HCV transmission is mainly parenteral[3]. Vertical transmission (mother-to-child) of HCV is estimated to be
less than 5%, but in case of human immunodeficiency
virus (HIV) co-infection, the risk of mother-to-child
transmission can reach 15% to 20%[4]. Similarly, HCV/
HIV co-infection promotes the progression of hepatitis
to cirrhosis[5]. In sub-Saharan Africa, the prevalence of
HCV infection varies between 0.1% and 13.8 %[6].
As for Malian blood donors, HCV seroprevalence
was reported at 3.30%[7]. In Mali, the seroprevalence of
HCV is not well elucidated in the population of pregnant women, and even less in the general population.
Molecular epidemiology of HCV is also unknown. In
this country, while prevention and treatment programs
are implemented for HIV, much remains to be done for
viral hepatitis in general.
In the literature there are controversies about the
performance of HCV enzyme immuno-assay (EIA)
tests in sub-Saharan Africa. This has stimulated scientific
interest to document HCV epidemiology as well as the
performance of HCV EIA tests among women in Mali in
order to guide public health decisions. According to UNAIDS epidemic update in 2007 an estimated 22.5 million
(20.9-24.3 million) people living with HIV, or 68% of the
world cases, are in sub-Saharan Africa[8]. West Africa, considered as the most populated region of this continent,
has a postulated HIV prevalence between 1% and 5%[9].
This region is the epicenter of the HIV-2 epidemic[10].

WJH|www.wjgnet.com

MATERIALS AND METHODS
Subjects
Initially, this was a prospective study including pregnant
women attending ANC in the six Health Centers of
Reference in Bamako. Exclusion criteria were: refusal to
participate in the study and treatment with heparin (an
inhibitor of PCR). In a second step, the study was extended to women over 50 years attending general practice in two hospitals (CHU Gabriel Touré, and Hospital
Mother and Child) in Bamako. The exclusion criteria
were refusal, any physical or mental condition precluding
investigation as well as treatment by heparin.
This study has been carried out in accordance with
the Declaration of Helsinki (2000) of the World Medical
Association. The study was approved ethically under the
reference number 08-0006/INRSP-CE (Ethical Committee of National Institute of Public Health) of Mali.
All participating subjects remained anonymous and gave
voluntary informed consent.
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Screening and confirmation of HCV infection: (1)
First-line test. For pregnant women, two EIA tests were
used: Innotest HCV Ab Ⅳ (Innogenetics, Belgium),
which detects HCV antibodies; Monolisa HCV Ag/
Ab Ultra (Biorad, Belgium), which detects simultaneously HCV antibody and antigen. For women over 50
years, the combined test (Monolisa) was solely used as a
screening test. Samples found positive in a first run were
further analyzed in two additional replicates. Samples
giving at least two positive replicates (test ratio ≥ 1) out
of three with the screening test were considered “positive”. Samples which were positive in the first run but
whose result was not reproduced at least once were considered “negative”; and (2) Second-line serological assay.
INNO-LIA HCV (Innogenetics) was used to confirm
samples found positive with the screening test. All series of tests were validated by a specific internal quality
control material (Pelispy, Westburg). The test ratio value
of internal quality control was encoded in MedLab QC
software for run validation.
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Figure 1 Map of Mali with neighboring countries. Figure obtained from website: www.geography.about.com.

Sample collection
Standard operating procedures were issued to control
blood collection, preservation and transport. Physicians,
researchers, midwives and laboratory technicians were
trained in the application of procedures. Sample transport by drivers was supervised.

Molecular biology
For pregnant women: HCV RNA was assayed using
qualitative PCR (COBAS AMPLICOR hepatitis C, Roche
Laboratory). Samples containing HCV RNA were further analyzed by quantitative PCR (COBAS AMPLICOR
HCV MONITOR, Roche Laboratory).

Sample treatment
A sample of 15 mL of venous blood was collected in vacutainer tubes [(dry and ethylenediaminetetraacetic acid
(EDTA)] from all pregnant women in the study. From
these primary samples serum and plasma were separated
by refrigerated centrifugation (5 ℃) at 1500 rpm for 10
min. For women > 50 years, the samples were taken only
in EDTA vacutainer tubes (10 mL/participant). The
plasma was separated by centrifugation at 5000 rpm for
maximum 5 min at room temperature. A delay of maximum 6 h between blood collection and freezing (-20 ℃
to -80 ℃) was always respected by the strategy put in
place to ensure the quality of the collection samples. A
large number of aliquots (6 × 1 mL/pregnant woman; 4
× 1 mL/older woman) were harvested before analysis in
order to avoid multiple freeze-thaw cycles.

For women over 50 years: HCV RNA was quantified
using HCV m2000 Real Time PCR kit (Abbott) which
became available for this part of the study. All samples
tested positive by the combined test (Monolisa) but
further found LIA negative, thus potentially indicative
of very early infections, were submitted to PCR analysis. The infecting genotype was defined by the use of
Versant HCV Genotype Assay test LiPA of Siemens
Healthcare Diagnostics.
Statistical analysis
Results are presented as mean ± SD (range) for continuous variables and as frequencies (%) for categorical
variables. Comparisons of categorical variables between
groups were done using a χ 2 test. Positive predictive values (PPV) were calculated in each group. Results were
considered to be significant at the 5% level (P < 0.05).
Calculations were done using SAS version 9.3 for Windows (SAS Institute, Cary, NC, United States).

Serological methods
All assays were performed according to the manufacturer’s instructions. The samples were analyzed after a
single thaw. All tests were performed according to procedures accredited to EN15189 norm in the AIDS Reference Laboratory of the CHU-ULg.
Screening and confirmation of HIV infection: The
rapid test VIKIA HIV1/2 (BioMérieux), a 3rd generation assay based on the principle of immunochromatography (ICT or lateral flow), known for its sensitivity and
specificity[12] was used as first line test.
The INNO-LIA HIVI/Ⅱ score based on the line
immuno assay (LIA) principle was used to confirm positive results obtained with the first-line tests and to distinguish HIV-1 from HIV-2 infections (Innogenetics Gent,
Belgium). The undetermined samples were tested with
VIDAS DUO assay to search for HIV p24 Ag.

WJH|www.wjgnet.com

RESULTS
Prevalence of HIV and HCV infections in pregnant women
In the pregnant women population (n = 1000), age ranged
from 14 to 50 years; with a mean of 25.2 ± 6.3 years.
Prevalence of HIV: Out of 1000 pregnant women
tested, 41 were confirmed HIV seropositive among 45
subjects with a positive screening assay; the rate of indeterminate results (VIKIA+, LIA Ind) was 8.9% (4/45).
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Table 1 Hepatitis C virus serological and biomolecular profile of 2 positive pregnant women
Subject
AD3
OM4

MONOLISA-HCV

INNOTEST-HCV

LIA-HCV

(test ratio value)

(test ratio value)

(reactivity score)

X1
5.84
0.84

X2
6.12
0.28

X3
6.08
0.27

X1
5.50
3.32

X2
5.71
2.54

X3
5.58
2.38

C1
4
1

C2
1
0

E2
0
0

NS3
3
0

LIA-HCV
NS4
2
1

NS5
0
0

Pos
Pos

PCR HCV Genotype HCV
Pos
Neg

2
-

AD3 and OM4: Initials of pregnant women from reference health center (municipality No. 3 and No. 4); X1: Test ratio value for initial essay; X2, X3: Test
ratio value for replicate assays; C1 and C2: Core protein 1 and 2 of hepatitis C virus (HCV); E2: Transmembrane protein of HCV; NS3, NS4 and NS5: Nonstructural proteins of HCV. PCR: Polymerase chain reaction.

A unique profile was found for these 4 indeterminate
results due to an isolated gp41 band with intensity between 0.5+ and 2+. These 4 undetermined were tested
negative with VIDAS DUO. The rate of false positive
results (VIKIA+, LIA-) was 0%. The HIV seroprevalence in this population was 4.1% (95%CI: 2.90%-5.30%).
Among the confirmed positive samples, HIV-1 species
represented 95.1% (39 HIV-1 and 2 HIV-2).

5 HIV-2). There was significantly more HIV-2 in women
> 50 years (5/14) than in young females (2/41), P < 0.01.
Prevalence of HCV: Out of 231 subjects, 14 were confirmed seropositive out of 21 found reproducibly positive with the Monolisa assay. One sample showing an
isolated HCV NS3 band (with an intensity of 4+) was
found PCR positive. Taking this sample into account, the
HCV seroprevalence measured in this population of older women was 6.49% (15/231) (95%CI: 3.31%-9.67%).
Viral HCV-RNA was detected in 13/15 seropositive
women. Among them, 12 cases of active infection with
genotypes 1 or 2 and viral loads ranging from 20 503 to
12 352 743 IU/mL were recorded. In one case, the viral
load was < 12 IU/mL. Infection with HCV genotype 2
was much more represented, i.e., 10/12 (83.3%).
In this older population the rate of HCV false positives by ELISA was 2/21 (9.5%). This rate was significantly different from that of 6/14 (42.9%) measured in
the younger population (P < 0.05). The HCV test algorithm and main results are depicted in Figure 2.

Prevalence of HCV: Two pregnant women out of
1000 (Table 1) were confirmed HCV positive, with one
single proven case of active infection (HCV-RNA pos,
1600 IU/mL, genotype 2). The rates of samples found
reproducibly positive with HCV EIA tests but confirmed negative by LIA (false positives) did not differ
for INNOTEST (25/45; 55.6%) or MONOLISA (6/14;
42.9%) (P > 0.05).
The OM4 sample giving an initial discrepant result
between the two tests EIA HCV (Monolisa- Innotest+),
was confirmed positive by LIA analysis (but with only
two bands of weak intensity) but negative by PCR. The
same sample analyzed in triplicates was found repeatedly
negative with the Monolisa test. Based on the results of
HCV LIA, the HCV seroprevalence measured in this
population of young Malian women was very low: 0.2%
(95%CI: 0.0%-0.4%).

Comparison of HIV and HCV prevalence in young and
older women
Considering the overall population of both young and
older women, the estimated seroprevalences were 4.5%
and 1.3% for HIV and HCV, respectively. The rate of
active HCV infection was 1.1%.
Whereas the prevalence of HIV infection was not
significantly different in the two series, the HCV seroprevalence was significantly higher in older women as was
also the prevalence of HCV-RNA (P < 0.01). Among
13 HCV genotypes identified at all, there were 11 HCV
genotype 2 (Table 2).
In young women, HIV infection was more common
than HCV infection while HCV infection was more
frequent in older women. The proportion of HIV1 was
equal in both subpopulations, but HIV2 was more common in older women compared to pregnant ones. HCV
genotype 2 was more frequent in older women (Figure 3).

Prevalence of HIV and HCV infections in women over 50
years old
In the 231 older women, ages ranged from 51 to 89
years; with a mean of 62.1 ± 8.6 years.
Prevalence of HIV: Out of 231 subjects, 14 were confirmed HIV seropositive among 19 found positive with
the VIKIA test. The rate of indeterminate results (VIKIA+, LIA Ind) was 15.8%, i.e., 3 samples out of 19.
Among these 3 samples, one was found with an isolated
HIV1 gp41 band (at an intensity of 2+) and an isolated
HIV2 gp36 band (at an intensity of 1+); in the 2 others,
an isolated HIV1 gp41 band was detected at an intensity
of 1+ and 2+, respectively. The rate of false positive
results (VIKIA+, LIA-) was 10.5% (2/19). All indeterminate (3/3) and false positive (2/2) samples tested negative
with VIDAS DUO HIV assay.
HIV seroprevalence in this population was 6.06%
(95%CI: 2.96%-9.16%). Among the confirmed positive
samples, HIV-1 species represented 64.3% (9 HIV-1 and
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Absence of HIV-HCV co-infection
Regardless of the two series, no HIV/HCV co-infection
was detected but in each population, one case of “coindeterminate” HCV/HIV results was found. The serum
of a young woman initially depicted as doubtful and then
negative using VIKIA test was analysed with LIA HIV

368

December 27, 2012|Volume 4|Issue 12|

Bouare N et al . HCV and HIV epidemiology in Mali
1000 young
women

231 old
women
Monolisa HCV
(initial)
208 neg

21 pos

23 pos

5 ind

974 neg

Monolisa HCV
(triplicate)
2 neg

14 pos

21 pos

12 neg

INNOLIA HCV
4 ind

2 neg

15 pos

6 neg

2 neg

13 pos

1 ind

2 geno 1b

10 geno 2

1 pos

7 IND

6 neg

PCR HCV
1 pos

13 neg

Genotyping

% 7
6
5
4

1 geno 2

HCVG1
HCVG2
HIV2
HIV1

Table 2 Human immunodeficiency virus and hepatitis C virus
seroprevalences, hepatitis C virus-RNA and genotype in the 2
series

n

3

Series

2

Series 1
1000
W ≤ 50 yr old
Series 2
231
W > 50 yr old

1
0

HIV < 50 yr HCV < 50 yr HIV > 50 yr HCV > 50 yr

HIV Ab HCV Ab PCR-HCV

HCV genotype

%

%

%

1

2

other

4.10

0.20

0.10

0

1

0

6.06

6.49

5.60

2

10

0

Series 1 (W ≤ 50 years old): Young women population; Series 2 (W > 50
years old): Older women; HIV Ab: Serological markers of human immunodeficiency virus (HIV) (or anti-HIV); HCV Ab: Serological markers
of hepatitis C virus (HCV) (or anti-HCV); PCR HCV: Virological markers
of HCV [polymerase chain reaction (PCR) reactive results, or RNA detection]; %: Prevalence.

Figure 3 Prevalences of human immunodeficiency virus and hepatitis C
virus compared according to age. Human immunodeficiency virus (HIV) < 50
years old: Young women with HIV infection; HIV > 50 years old: Older women
with HIV infection; Hepatitis C virus (HCV) < 50 years old: Young women with
HCV infection; HCV > 50 years old: Older women with HCV infection; HCVG1:
HCV genotype 1; HCVG2: HCV genotype 2; %: Prevalence.

PPV of 73.7% found in the older cohort.

for confirmation. It showed a co-indetermination with an
isolated p17 HIV band (at an intensity of 2+) and an isolated band of low intensity (1+) for the HCV C1 protein.
The sample of this young woman was found HIV negative with VIDAS DUO test. In the older women series,
one sample showed an isolated NS3 HCV band with low
intensity (0.5+) and an isolated gp41 HIV band (with an
intensity of 2+).

Predictive value of screening tests for HCV: Indeterminate results of LIA and/or PCR HCV were not
considered for the calculation of predictive values. (1)
Positive predictive value of Monolisa HCV test. In the
whole series of 1231 samples, 35 were found reproducibly
positive: 16 were confirmed seropositive by the LIA-HCV
assay, 11 were indeterminate and 8 were confirmed negative, giving a PPV of 66.7% for the screening assay. However, the PPV (88.2%) measured with the Monolisa HCV
test in women > 50 years old was significantly higher than
that of 14.3% measured in young women (P < 0.01); (2)
Predictive value of test ratio (TR) results measured with
the HCV Monolisa test (Table 3). Using the Monolisa
test, when the TR was found to be between 1 and 3 (i.e.,
TR ≤ 50% TRmax), the rate of positive confirmation
was 1/9 with LIA-HCV, and 0/13 with PCR. By contrast,
when the TR of the Monolisa test was greater than 3 (TR
> 50% TRmax), the probability of positive confirmation
was 15/16 with the LIA (P < 0.01) and 14/21 with PCR (P
< 0.01, compared to lesser TR).

Technical considerations for the implementation of large
scale HIV and HCV screening (predictive values)
Predictive value of VIKIA screening test for HIV: In
the overall series of 1231 samples, 64 were found positive with the screening test: 55 were confirmed positive,
7 indeterminate and 2 negative giving a PPV of 96.5%.
Comparing the two series, the PPV measured with
VIKIA HIV1/2 in young women (i.e., 100%) was significantly higher than that of 87.5% measured in older women (P < 0.05). However, when indeterminate results were
included in the analysis, the PPV measured with VIKIA
test in young women (i.e., 91%) was not different than the

WJH|www.wjgnet.com

Figure 2 Algorithm of hepatitis
C virus testing in the two female
populations. Monolisa hepatitis C
virus (HCV) (initial): Samples tested
initially with Monolisa and results
observed; Monolisa HCV (triplicate):
Samples positive with initial test and
found at least once positive in two
additional replicates (step of duplicate is not represented here); INNOLIA HCV: Monolisa positive samples
analyzed by INNO-LIA HCV confirmation test; PCR HCV: INNO-LIA HCV
tested samples further analyzed by
polymerase chain reaction (PCR);
Genotyping: Positive PCR samples
analyzed for genotype determination;
ind: Doubtful result from Monolisa
test; IND: Indeterminate result from
INNO-LIA HCV confirmation test;
Geno 1b: HCV-1 subtype b genotype;
Geno 2: HCV-2 genotype.
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Table 3 Predictive values of the Monolisa test ratio in both
series of samples
MONOLISA
Series N+
HCV-Ab Ag
Test ratio
(1-3)
(> 3)
(1-3)
(> 3)
(1-3)
(> 3)

PPV,
%

LIA-HCV
Neg Pos Ind

1
1
2
2
1+2
1+2

10
7
7
14
17
21

6
1
2
0
8
1

0
1
1
14
1
15

4
5
4
0
8
5

PCR-RNAHCV

Table 4 LIA profiles and polymerase chain reaction results
No.

PPV,
%

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
BP

Neg Pos Ind
0
50
33.3
100
11.1
93.8

6
6
7
1
13
7

0
1
0
13
0
14

41 0
0 14.3
0
0
0 92.9
41 0
0 66.7

1

Four samples [whose test ratio = (1-3)] were not tested with polymerase
chain reaction (PCR) because Monolisa results were not reproducible and
the Innotest was negative in each case. Ind: Indeterminate result; PPV: Positive predictive value of hepatitis C virus (HCV) Monolisa test for antibody
or RNA detection; Series 1: Young women; Series 2: Women over 50 years
old; Series (1 + 2): Overall cohort (young and older women); N+: Numbers
of positive results with Monolisa HCV according to the test ratio value.

Predictive value of LIA-HCV bands: Out of 17 LIA
positive profiles, NS3 and C1 bands were clearly predominant in 16/17 (94.1%); C2 and NS4 were represented in
15/17 (88.2%) and 8/17 (47.1%) respectively, whereas E2
and NS5 were poorly represented in 3/17 samples (17.6%).
The intensity of the most represented band, NS3,
was analyzed with regard to its predictive value of a
positive PCR result. There was an obvious association
between the intensity of the NS3 HCV band and HCV
viraemia. This association was highly significant when
the NS3 intensity was ≥ 3 (P < 0.01). Similarly, there
was a significant association between the viraemia of
HCV and the coexistence of both C1 and NS3 bands,
when the intensity was > 2 (P < 0.01). On the contrary,
there was no significant association between the intensity
of the C1 band and HCV viraemia (P > 0.05).
Sample No. 6 (Table 4) had a TR > 5 with two EIA
tests (Monolisa HCV and Innotest HCV) and an isolated
NS3 band (at 4+ intensity), and therefore was classified
as indeterminate according to the manufacturers’ recommendations; it was later found to be positive for PCRHCV-RNA. This result supports the hypothesis that any
reactivity in an isolated NS3 band may be indicative of
an HCV seroconversion[18].

C1

C2

E2

4
3
1
4
4
0
4
4
3
3
3
4
4
3
2
4
1
16

3
1
1
2
3
0
2
4
2
1
1
2
3
1
3
1
0
15

0
0
0
0
0
0
0
0
1
0
0
0
2
0
4
0
0
3

NS3 NS4 NS5
4
4
0.5
4
4
4
4
4
4
2
4
4
4
4
4
3
0
16

1
0
0
0
0.5
0
3
0
0
0
0
1
0
0.5
4
2
1
8

0
0
0
0
0.5
0
0
0
0
0
2
3
0
0
0
0
0
3

PCR HCV Viral load (IU/mL)
pos
pos
neg
pos
pos
pos
pos
pos
pos
neg
pos
pos
pos
pos
pos
pos
neg

32 350
1 442 298
Not detected
2 701 467
3 247 624
290 103
98 440
20 503
683 959
Not detected
6 369 090
831 422
12 352 743
4 019 864
< 12
1600
Not detected

C1 and C2: Core protein 1 and 2 for hepatitis C virus (HCV); E2: Transmembrane protein of HCV; NS3, NS4 and NS5: Nonstructural proteins of
HCV. PCR: Polymerase chain reaction; BP: Band presence.

is low (0.2%) indicating that HIV-1 predominates over
HIV-2[11]. Our study confirms this observation and further indicates that there is significantly more HIV-2 in
women > 50 years (5/14) than in young females (2/41),
(P < 0.01). The HIV prevalence rate of 4.1%, measured
in pregnant women in this study is similar to that of 7.9%
(18/288) obtained in a population of pregnant women,
in the neighboring country of Burkina Faso[19]. Regarding the predictive positive values measured with VIKIA
HIV-1/2, our study shows that this test is more efficient
in Malian young women compared to older ones (100%
vs 85.7%; P < 0.05). The rate of false positive HIV results (VIKIA pos; LIA neg) in the two subpopulations,
(0% in young women vs 10.5% in older ones) may explain this difference.
Our study is the first to determine molecular HCV
epidemiology and to evaluate the performance of EIA
HCV tests in Mali. HCV seroprevalence was 3.3% among
Malian blood donors[7]. That frequency is lower than that
of 6.5% measured in our study in women over 50 years,
but remains well above that of 0.2% measured in young
women.
The HCV prevalence rates of 0.2% and 6.5% measured respectively in young and older women in our study
are in the range of prevalences (0.1%-13.8%) documented
in sub-Saharan Africa[6]. Similarly, the overall prevalence
of HCV (1.3%) measured in the present study in women
is in the range of prevalence (1.1%-5.5%) reported in
six West African countries[6]. That prevalence could be
extrapolated to the general Malian population. However,
the population of our study is essentially urban. It would
be interesting to conduct an additional study in rural areas
of Mali to confirm the quality of our data.
The prevalence of 0.2% HCV as measured by our

DISCUSSION
The HIV seroprevalence measured in these populations
of young (4.1%) and older (6.1%) women was of the
same magnitude. The overall HIV seroprevalence of
4.5% estimated by our study in women is higher than
1.3% that was notified for the general population of
Mali[11]. Of note, the rate of HIV infection observed
in our study is in the range of prevalences (from 1% to
5%) that was reported in West Africa[9]. It is important
to stress that our study concerned exclusively females
living mainly in urban areas. According to the EDSMⅣ report, the proportion of men and women positive
for HIV-2 and whose age varies between 15 and 49 years
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study in pregnant women is of the same order of magnitude than the prevalences of 0.14% and 0.18% respectively reported in previous studies[16,20]. In our study, only
one pregnant woman (AD3) of two HCV seropositives
was found PCR positive (HCV-RNA+) and infected
with genotype 2. In the other subject, OM4, the sample
exhibited a discrepancy with the two tests (Innotest pos/
Monolisa neg). This woman, OM4, tested negative twice
by PCR on two separate samples collected at an interval
of 11 mo. This suggests either a very old HCV infection with virtual disappearance of specific antibodies, or
false positive results of EIA and LIA due to aspecific
antibodies. In older women HCV seroprevalence is 6.5%,
therefore significantly higher than in younger females
(0.2%, P < 0.01). The significant variation of anti-HCV
prevalence according to the age of women (> 50 years
vs younger), 6.5% vs 0.2%, may suggest the hypothesis
that exposure of women > 50 years to HCV infection is
usually an old one. Accordingly, the prevalence of HCVRNA was 5.6% vs 0.1 % in the two groups.
The proportion of HCV positive women was significantly higher in rural areas (6/91) compared to urban
residence (11/1125, P < 0.01). That would also explain the
discrepancy between the HCV seroprevalence of 0.2% in
young women of whom only 2.63% came from rural areas and 6.5% observed in older women of whom 29.13%
came from rural areas. The distribution of HCV genotypes
1 and 2 revealed in Mali by our study is similar to that reported in West Africa[21-23]. Our study reveals the predominance of HCV genotype 2 (11/13 or 84.6%) known to be
easier to treat than genotype 1. HCV prevalence measured
in our study in young women (0.2%) is close to data obtained in pregnant women in two countries of West Africa
namely Niger (0%) and Benin (0.7%)[24].
As far as the performance of third-generation HCV
EIA tests in the African region are concerned, there are
quite controversial opinions in the literature. Indeed,
some studies report poor performance of EIA tests for
third and even the fourth generation[20,21,25-28]. Conversely,
others have observed good performance using these
tests[29-38]. In the present study, our data indicate the poor
performance of EIA tests both in terms of predictive
positive value (14.3% vs 7.4%) and in terms of specificity
(42.9% vs 55.6) for false positive results obtained using
both Monolisa (mixed test Ag-Ab) and Innotest (Ab test
only), in the population of pregnant women where the
prevalence of HCV is particularly low. Of note, the positive predictive values as well as the rates of false positive
reactions were not significantly different using either of
the two tests.
On the other hand, our observations confirm the
better performance of Monolisa test used as a screening
test (with 2/21 or 9.5% false positive; PPV at 88.2%) in
the population of women over 50 years where the prevalence was higher.
The rates of false positive samples measured with
the Monolisa test in the two populations (42.9% vs 9.5%)
were significantly different (P < 0.05). Equally the positive
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predictive values of the Monolisa test were significantly
different in the 2 populations (14.3% vs 88.2%; P < 0.01).
We also observed EIA false positive reactions which
could be related to a cross-reaction by antibodies caused
by poly-immunization against bacterias or parasites[39,40].
As far as the tests performance are concerned, our
results suggest that for TR values > 3 (i.e., TR > 50%
TRmax), the repetition of the EIA test and confirmation
by the INNO-LIA HCV test are not required to anticipate a confirmed HCV infection (PPV at 93.8%; P < 0.01)
and positive viraemia (PPV at 66.7%; P < 0.01).
Taking into account the 2 subpopulations separately,
when TR is in the range of 1 to 3 (i.e., TR ≤ 50%
TRmax), there is not a significant difference between the
PPV of TR measured with LIA HCV (0% vs 33.33%)
or PCR (0% vs 0%) in populations of young and older
women. In contrast, when TR > 50% TRmax, the PPV
of test ratio measured in older women with LIA HCV
(100%) is significantly higher than that measured in
younger women (50%, P < 0.01). According to PCR
analysis, the PPV of TR measured in older women (92.9%)
is significantly higher than 14.3% calculated in pregnant
women (P < 0.01). This supports the recommendation
that the patient’s age should be taken into account in the
interpretation algorithm.
Our data confirm the findings of other authors who
reported a high degree of accuracy between anti-HCV
TR and HCV viraemia[38,41].
In all samples analyzed, no HIV/HCV co-infection
was detected but in each population we observed one case
of HIV/HCV co-indetermination, with the following LIA
profiles: p17 (2+)/C1 (1+) and gp41 (2+)/NS3 (0.5+).
In summary, we have observed a high prevalence of
HIV infection in both subpopulations of pregnant women and women of more than 50 years old. We have also
reported a high prevalence of HCV 6.5% in older women.
Our data indicate a good efficiency of VIKIA HIV 1/2
(BioMérieux) in pregnant women and a high performance
of Monolisa HCV Ag/Ab Ultra (Biorad) in older women.
In addition we have proposed an interpretation algorithm
for the clinical diagnosis of HCV infection in Mali. This
algorithm could be useful in the West African population.
Furthermore we have reported the importance of INNOLIA HCV test in an African population since it may detect an earlier HCV seroconversion.
Our data stress the importance of both infections in
Mali, and the need to organize the management of viral
hepatitis in general in Mali together with the endemic
HBV infection at a prevalence of 14.7% based on HBsAg
assays[42].
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Background

In Sub-Saharan Africa, the prevalence of hepatitis C virus (HCV) varies between 0.1% and 13.8 %. In Mali, HCV seroprevalence is estimated at 3.3% in
the population of Malian blood donors, but is not known accurately in the population of pregnant women, and even less in the general population. Furthermore
the molecular epidemiology of HCV is unknown. As for human immunodeficiency virus (HIV), the seroprevalence is 1.3% in the general population. To
prevent HIV vertical transmission, the screening of infection in pregnant women
is undertaken with few rapid tests in health centers providing antenatal care.
The VIKIA HIV 1/2 3rd generation test (BioMerieux) is known to be highly sensitive and specific, and does not require complex instrumentation. It is therefore
well suited to facilitate HIV testing, especially in poorer areas where technical
facilities are unavailable.
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