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Introduction
Hepatitis C virus (HCV) belongs to the genus Hepacivirus of the 

family Flaviviridae1 and is classified into 6 major genotypes (GT1–
GT6).2 An expanded classification of HCV reveals a new genotype, 
GT7.3,4

According to the 2017 World Health Organization (WHO) 
global hepatitis report, there were a total of 1.75 million new HCV 
infections, worldwide in 2015, and the global prevalence of HCV 
infection was noted to be about 1% (71million). Of the 71million 
individuals living with HCV infection globally in 2015, about 11 
million were from the African region.5 In the latest country-level 
HCV disease burden model developed by the Polaris Observatory 
HCV collaborators that estimated the prevalence of HCV infection 
in 113 countries, the global prevalence of viremic HCV infection 
in 2015 was found to be close to the WHO estimates, at 1.0% (71.1 

million viremic HCV-infected individuals). The overall prevalence of 
viremic HCV infection in the sub-Saharan African region was found 
to be 4.6% (10.1million viremic HCV infected individuals). Four 
major sub-Saharan regions were included in this model, including–(1) 
Central sub-Saharan Africa; (2) East sub-Saharan Africa; (3) Southern 
sub-Saharan Africa (South Africa); and (4) West sub-Saharan Africa. 
The prevalence of viremic HCV infection in Central, West, Southern 
and East sub-Saharan Africa was found to be 2.1%, 1.3%, 0.7%, and 
0.5%, respectively.6 A similar HCV prevalence pattern, with high 
rates in the Middle Africa region, and low rates in Southern Africa, 
was reported in another systematic review and meta-analysis of 184 
nation-level estimations across Africa.7 Other systematic reviews and 
meta-analyses on the prevalence of HCV infection across countries 
in West and Central sub-Saharan Africa have also revealed a high 
seroprevalence of HCV in these regions.8,9

Gastroenterol Hepatol Open Access. 2019;10(4):181‒193. 181
© 2019 Gane et al. This is an open access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and build upon your work non-commercially.

Consensus recommendations on the diagnosis 
and treatment of hepatitis c virus infection in sub 
Saharan Africa

Volume 10 Issue 4 - 2019

Edward John Gane,1 Michael R Charlton,2 
Charles Asabamaka Onyekwere,3 Allah-
Kouadio Emile,4 Leolin Katsidzira,5 Abdel 
Karim Sermé,6 Alain Koffi ATTIA,7 Oudou 
NJOYA,8 Ismael Katjitae,9 Nadia Jacqueline 
Mandeng,10 Ravishankar AC,11 Sanjay 
Hadigal12

1Departemnt of Liver Unit, University of Auckland, New Zealand
2Professor of Medicine, University of Chicago Biological 
Sciences, New Zealand
3Associate Professor, Lagos State University College of 
Medicine, Nigeria
4Director Coordinator, National Hepatitis Program, Nigeria
5Department of Medicine, University of Zimbabwe College of 
Health Sciences, Zimbabwe
6Head of the department, University Hospital, yalgado 
Ouedraogo, Burkina Faso 
7Department of Hepato-Gastroenterology, Université Cocody, 
Côte d’Ivoire
8Faculty of medicine and biomedical sciences, Melen street 
Yaoundé, Cameroon
9Specialist Physician, Internal Medicine, Ministry of Health and 
Social Service, Namibia
10Department for the Fight against Sexually Transmitted 
Infections and Viral Hepatitis, Ministry of Public Health, Namibia
11General Manager, Mylan Pharmaceuticals Private Limited, USA
12Manager, Medical Affairs, Mylan Pharmaceuticals Private 
Limited, USA

Correspondence: Edward John Gane, Liver Unit, University of 
Auckland, Auckland, 1010, New Zealand, Tel 6421548371, 
Email 

Received: June 26, 2019 | Published: July 12, 2019

Abstract

Sub-Saharan Africa has a high burden of hepatitis C virus (HCV) infection. 
Therefore, 10 experts from Africa convened, reviewed the literature, and provided 
recommendations to optimize the diagnosis; management; and pre-, on- and post-
treatment assessment of HCV infection in Africa. The panel recommended initial anti-
HCV testing, followed by qualitative HCV RNA assay/core antigen testing for HCV 
diagnosis. The panel suggested that genotype testing may help in treatment selection; 
however, use of pan-genotypic regimens (sofosbuvir-velpatasvir) may obviate the need 
for genotyping. The recommended pre-treatment assessments include tests for hepatic/
renal function; hepatitis B surface antigen; HIV; non-invasive fibrosis assessment; 
and testing for hepatocellular carcinoma. The panel provided an overview of the use 
of available antiviral agents (sofosbuvir, ledipasvir, daclatasvir and velpatasvir) for 
treatment of HCV GT1–GT6 infections. This consensus document may help guide 
clinicians to effectively use the available antiviral agents and optimize diagnosis and 
treatment of HCV infection in Africa. 
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In the Polaris Observatory report, the GT distribution was 
analyzed for 115 countries, and it was noted that about 44% of global 
HCV cases were GT1, followed by GT3 (25%), and GT4 (15%). 

In Africa, the most prevalent GT in the Central, West, Southern 
and East sub-Saharan regions was noted to be GT4, GT1, GT5 and 
GT4, respectively. A wide variation in the GT distribution was noted 
within some regions in Africa. In the West sub-Saharan African belt, 
while regions such as Nigeria had a high prevalence of GT1; others 
including Ghana, The Gambia, Guinea Bissau and Burkina Faso had 
a high prevalence of GT2; Chad had a high prevalence of GT4; and 
Cameroon had high prevalence of both GT1 and GT4.6

In addition to the diversity in HCV prevalence and GT distribution 
across various regions of Africa, high genetic diversity has been 
observed in the most common genotype of the region, GT4.10 

Furthermore, robust epidemiological and GT prevalence data are 
lacking, as all the countries in the region have not contributed to 
the national GT distribution data in most of the available large-scale 
epidemiological studies.6,10 In the absence of robust prevalence data 
which forms the very basis for the development of healthcare policy, 
efficient management of the disease cannot be achieved.7,10,11

Several other unmet needs and challenges have been reported in the 
literature on the management of HCV infection in Africa, including: 
(1) lack of proper surveillance, resulting in inaccurate estimation of 
the burden of HCV infection;12 (2) emergence of resistant GT 5 HCV 
infections;13 (3) emergence of GT7;14 (4) dearth of cost-effective, 
rapid diagnostic tests; (5) reduced efforts from patient’s end to access 

HCV treatment due to threat of stigmatization, and discrimination;15 

(6) licensing, patent and cost aspect of direct-acting antiviral (DAA) 
therapy;16 (7) use of unlicensed generics with low efficacy;17,18 (8) 
lack of universal treatment coverage for HCV patients;16 and (9) 
non-responsiveness of patients to DAA treatment.19,20 Development 
of structured nation-specific HCV treatment guidelines/strategies 
has also been cited a crucial need of the hour in the African region.12 

In this context, it is pertinent to mention that there is no clear latest 
consensus on the diagnosis, management, and monitoring of HCV 
infection, specific to the African region. Hence, the objective of the 
current consensus document is to guide clinicians on the diagnosis 
and management of chronic HCV infection in the resource-limited 
settings of Africa to ensure optimal clinical outcomes. 

Methodology of consensus development
In April 2018, a panel of ten experts in the field of hepatology from 

Africa convened to review the updated literature on the management 
of HCV infection and provide recommendations to optimize the: 

a. Diagnosis of HCV infection

b. Use of cost-effective treatments for the management of HCV 
infection in Africa

c. Pre-, on-, and post-treatment assessments during HCV management

The recommendations for the use of optimal treatment regimens in 
the management of HCV infection were graded by the expert panel as 
Preferred, Alternative, or Not Recommended (Table 1).

 Table 1 Definitions of the grading of the recommendations

Grading of the 
recommendation Definition of the grading

Preferred Treatment can be used in most patients and recommendation is based on optimal efficacy, favorable 
tolerability and toxicity profiles, duration, and pill burden.

Alternative
Treatment can be the one that is effective but with potential disadvantages/limitations for use in certain patient 
populations or with less supporting data as compared with the recommended regimens. In certain situations, 
an alternative regimen may be an optimal regimen for a specific patient situation.

Not recommended
Treatment is clearly inferior compared with the recommended or alternative regimens because of factors such 
as lower efficacy, unfavorable tolerability and toxicity, longer duration, and/or higher pill burden. Unless 
otherwise indicated, such regimens should not be administered to patients with HCV infection.

Diagnosis of HCV infection
Initial HCV serological testing is recommended by several current 

guidelines for the detection of anti-HCV antibodies.21–23 The chronic 
nature of the infection may be further confirmed by a sensitive nucleic 
acid diagnostic assay for the detection of HCV RNA.22 The use of a 
qualitative HCV RNA assay may be considered as a feasible option 
for providing broader access to HCV diagnosis and care in low- and 
middle-income countries, especially if pan-genotypic therapies are 
available (Box 1). Quantification of HCV core antigen, a surrogate 
marker of HCV replication, may also be used instead of the HCV 
RNA test for the diagnosis of HCV infection. The lower sensitivity of 
the core antigen test (lower limit of detection 3 log10 IU/mL) makes 
this test less useful in detecting early infection or HCV clearance. 

However, the HCV core antigen test is suitable for confirming 
established chronic HCV infection and for determining sustained 
virological response or cure post-treatment. An initial negative HCV 
serological test result does not indicate the absence of HCV infection; 
negative test result may be possible in cases of acute infection, in 
immunocompromised patients, or in patients on dialysis. In these 
patients, HCV RNA testing may be considered as a part of the initial 
assessment for the diagnosis of HCV infection.22

The severity of liver disease is a key factor in planning initial 
treatment and further follow-up evaluation of patients.21,24 Patients 
with confirmed HCV infection should be evaluated to assess the degree 
of liver fibrosis and cirrhosis by liver biopsy or other non-invasive 
tests.25 The utility of liver biopsy is limited by the cost, invasiveness, 
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and the risk of complications. Non-invasive tests have replaced liver 
biopsy to estimate the extent of liver disease in patients with chronic 
viral hepatitis in most countries. The most widely used noninvasive 
test is transient elastography (Fibroscan®), but availability and cost 
constraints may limit the use of elastography in resource-limited 
settings.23 In case of unavailability of transient elastography, the 
AST-to-platelet ratio index (APRI) or fibrosis-4 (FIB-4) index score 
may be useful in liver fibrosis assessment.21 Additionally, testing 
for HCV genotype is recommended before treatment initiation to 
tailor the treatment strategy to suit the patient.21,23,24 It is pertinent to 
mention here, that the use of pan-genotypic treatment regimens such 
as velpatasvir-based regimens obviates the need for HCV genotype 
testing prior to initiating treatment (Box 1). Hence, pan-genotypic 
regimens significantly reduce the total cost of diagnosis of HCV 
infection, which is an added advantage in developing countries.26

Consensus recommendations for the diagnosis of 
HCV infection

i. Anti-HCV testing is recommended for screening/initial testing, 
and if the result is positive, current infection should be confirmed 
by a sensitive HCV RNA/core antigen testing.

ii. Qualitative HCV RNA testing is a reasonable, good, and cost-
effective method, and can replace quantitative testing.

iii. Genotyping is recommended to guide selection of the most suitable 
antiviral regimen. 

iv. A pan-genotypic regimen such as sofosbuvir-velpatasvir therapy 
may obviate the need for genotyping.

Screening of HCV infection
Serological testing for HCV may be offered to high-risk 

individuals, and those with a history of HCV risk exposure or 
behavior such as the following: (1) individuals who have undergone 
medical or dental interventions in settings with inappropriate 
infection-control practices; (2) individuals who have received blood 
transfusions without HCV serological testing of the donated blood; 
(3) patients on hemodialysis; (4) people who inject drugs (annual 
testing is recommended); (5) individuals who have had tattoos, 
body piercing, or scarification procedures done with inappropriate 
infection-control practices; (6) children born to mothers infected 
with HCV; (7) individuals with human immunodeficiency virus 
(HIV) infection (annual testing is recommended for HIV+ men who 
have unprotected sex with men); (8) individuals who use/have used 
intranasal illicit drugs; (9) commercial sex workers; (10) prisoners 
and previously incarcerated individuals;21,23,25 (11) women who have 
undergone genital excision;27 (12) men with a history of non-medical 
circumcision;28 and (13) patients with liver disease from any cause.21 

Rapid ‘point-of-care’ (POC) anti-HCV antibody diagnostic tests 
employing serum, plasma, fingerstick whole blood, or saliva may be 
used as alternatives to standard enzyme immunoassays as a part of 
the screening programs.22 Rapid POC HCV RNA tests are available in 
Africa such as Cepheid GenXpert®, where these are already in use as 
POC TB and HIV diagnostic tests.

 Treatment of HCV infection
The main aim of HCV treatment should be to attain sustained 

virologic response (SVR). Further, the subsequent reduction in all 
cause-mortality and prevention of liver-associated adverse effects, 
end-stage liver disease, hepatocellular carcinoma (HCC), and severe 

extrahepatic manifestations should also be a part of the treatment 
goals for the management of HCV infection.21,24

Pre-treatment assessments 

Selection of treatment for the management of HCV infection may 
be optimized by assessing the liver disease severity and virologic 
parameters before starting the treatment. Other factors that should be 
assessed include alcoholism, co-infection with hepatitis B virus or 
HIV, renal impairment, diabetes mellitus, autoimmunity, and cardiac 
diseases.22 

Patients with hepatitis B virus (HBV)-HCV co-infection have 
been noted to have accelerated progression of liver disease and an 
increased risk of HCC.29,30 Furthermore, HBV reactivation has been 
found to occur during treatment of HCV infection with DAAs in 
these individuals.31,32 However, HBV reactivation may be rare among 
patients with resolved HBV infection.33 Therefore, the expert panel 
recommended that all HCV patients should be tested for hepatitis 
B surface antigen (HBsAg) prior to initiating HCV DAA treatment, 
and all HBV-HCV co-infected patients who test positive for HBsAg, 
particularly those with quantifiable HBV DNA (increase in HBV 
DNA by at least 1 log and elevation in alanine transaminase [ALT] 
>Upper limit of normal [ULN]) should be initiated on HBV antiviral 
treatment (Box 2).33

Patients with HCV infection, especially those with cirrhosis, are at 
a higher risk of developing HCC. Hence, HCC surveillance through 
simple and cost-effective alfa-fetoprotein (AFP) test is recommended 
in addition to liver ultrasound (Box 2).23,34 Furthermore, assessment 
of HCV RNA or HCV core antigen before initiation of treatment, 
staging of cirrhosis or fibrosis and assessment of potential drug-drug 
interactions are also important. Transient elastography, and/or non-
invasive serum markers may be used to assess advanced liver fibrosis. 
Genotype assessment is recommended to individualize the treatment 
dose and duration which will further help optimize the treatment 
outcomes.21,22,24 However, as discussed above, with the use of pan-
genotypic treatment regimens (such as velpatasvir-based regimens), 
the need for HCV genotype testing is obviated.26

Consensus recommendations on pre-treatment 
assessments

i. Liver fibrosis assessment: The use of transient elastography or 
non-invasive serum markers is recommended for deciding on the 
regimen and the need for initiating additional measures for the 
management of cirrhosis (e.g., HCC screening)

ii. Assessment for potential drug-drug interactions with concomitant 
medications

iii. The following laboratory tests are recommended:

a. Complete blood count (CBC)

b. Hepatic function tests (albumin, total and direct bilirubin, 
ALT, aspartate aminotransferase [AST], and alkaline phosphatase 
levels)

c. Calculated glomerular filtration rate (GFR)

d. HBsAg

e. HIV testing

f. AFP in patients with cirrhosis

https://doi.org/10.15406/ghoa.2019.10.00380


Consensus recommendations on the diagnosis and treatment of hepatitis c virus infection in sub Saharan 
Africa

184
Copyright:

©2019 Gane et al.

Citation: Gane EJ, Charlton MR, Onyekwere CA, et al. Consensus recommendations on the diagnosis and treatment of hepatitis c virus infection in sub 
Saharan Africa. Gastroenterol Hepatol Open Access. 2019;10(4):181‒193. DOI: 10.15406/ghoa.2019.10.00380

Who should be treated?
All patients with chronic HCV infection should be considered 

for treatment, except those with limited lifespan, in whom HCV 
eradication will provide no benefit. Patients with decompensated 
cirrhosis should be referred to a tertiary care center and managed 
by experts with relevant clinical experience. Additionally, factors 
influencing the decision to treat are: the age of the patient, occupations 
with a high risk of transmission to others, impact on quality of life, 
co-morbidities and the potential for the occurrence of serious side 
effects.21,24

Direct-acting antiviral agents available in Africa

Ribavirin and pegylated interferon (Peg-IFN) were the preferred 
treatment regimens for HCV infection before the advent of DAAs. 
The agents used earlier were inconvenient, with the need to administer 
injections for up to one year, and had an unpleasant adverse-effect 
profile, along with low cure rates; the resulting treatment uptake 

was very poor (<1% in most countries). The management of chronic 
HCV has noticeably improved with the introduction of DAAs. 
Currently, three classes of DAAs are in use: second-generation NS3/4 
serine protease inhibitors, NS5A inhibitors, and NS5B polymerase 
inhibitors. Drugs from two of these specified classes are used as 
various combination regimens for the management of HCV in the 
African region.14 The DAA regimens available in various African 
countries, along with their key pharmacological properties, were 
summarized by the expert panel, as shown in Table 2.35,36,37,38 The 
DAA regimens are also used in combination with ribavirin, which is a 
nucleoside analog available as a 200 mg tablet. The dose of ribavirin 
is dependent on the patient’s body weight and HCV genotype. Dose 
reduction or discontinuation of ribavirin is recommended in patients 
who experience adverse reactions or renal impairment.39 

Treatment of patients with HCV GT1 infection

Four regimens have been proposed for the treatment of patients 
with chronic HCV GT1 infection (Table 3). 

Table 2 Direct-acting antiviral treatment regimens: Availability in specific African countries and key pharmacological properties

Country DAA regimens
SOF LDV/SOF DCV SOF/VEL

A
va

ila
bi

lit
y 

in
 s

pe
ci

fic
 

A
fr

ic
an

 c
ou

nt
ri

es

Ivory Coast √ √ a √ a √a

Cameroon √a √ a √ a √a

Burkina Faso √a √ a √ a √a

Senegal √a √ a √ a √a

Zimbabwe √ √b √b

Namibia

Nigeria √

Ghana √ √ √ √b

P
ha

rm
ac

ol
og

ic
al

 p
ro

pe
rt

ie
s

Mode of action
Inhibition of HCV NS5B 
RNA-dependent RNA 
polymerase

LDV: Inhibition of 
HCV NS5A protein

Inhibition of 
HCV NS5A 
protein

VEL: Inhibition of 
HCV NS5A protein

Dose 400mgc FDCc: 90mg 
LDV+400mg SOF 60 mgc FDCc: 100mg 

VEL+400mg SOF

Cmax 0.5–2h LDV: 4–4.5h 2h VEL: 3h

Major elimination route Renal LDV: Biliary Faeces VEL: Biliary 

Dose adjustment 
recommendations in 
renal impairment

Not recommended 
for use in severe 
impairmentd

Not recommended 
for use in severe 
impairmentd None

Not recommended 
for use in severe 
impairmentd

Dose adjustment 
recommendations in 
hepatic impairment None None None None

Drug interactions P-gp inducers,e 
amiodarone

P-gp inducers,e 
amiodarone

Strong CYP3A 
inhibitors, 
moderate 
CYP3A inducers

P-gp inducers,e CYP 
enzyme inducers

a Available through import permit; bAvailable under special access; cOrally, once-daily, without regard to food; deGFR <30 ml/min/1.73 m2; eExamples include 
rifampin and St John’s wort.

DCV, Daclatasvir; LDV, ledipasvir; SOF, sofosbuvir; VEL, velpatasvir; Cmax, peak plasma concentration; eGFR, Estimated glomerular filtration rate; P-gp, 
P-glycoprotein; CYP, Cytochrome P; HCV, hepatitis C virus; RNA, ribonucleic acid
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Table 3 Recommended treatment regimens for HCV GT1 infection

Recommendation 
category

Treatment 
option/s Treatment regimens

Preferred

1. SOF+VEL 
±RBV#

i. SOF+VEL for 12weeks (Addition of RBV may be considered in difficult to-
-treat [treatment-experienced, cirrhotic] patients)

ii. In patients with decompensated cirrhosis (currently treated hepatic encepha-
lopathy or ascites or Child-Pugh-Turcotte class B or C): SOF+VEL+weight-ba-
sed RBV for 12weeks

2. LDV+SOF ± 
RBV#

iii. LDV+SOF for 12weeks
iv. In treatment-naïve patients with HCV RNA <6million IU/mL in whom cirrho-

sis has been conclusively ruled out by transient elastography (Fibroscan) or 
biopsy: LDV+SOF for 8weeks

v. In treatment-experienced cirrhotic patients/patients with decompensated 
liver disease/post-liver transplant patients: LDV+SOF+RBV for 12weeks OR 
LDV+SOF for 24weeks if RBV is ineligible

Alternative 1. SOF+DCV ± 
RBV#

vi. SOF+DCV for 12weeks (Addition of RBV may be considered if cirrhosis has 
not been conclusively ruled out)

vii. In patients with compensated cirrhosis: SOF+DCV ± weight-based RBV for 
24weeks

viii. In patients with decompensated cirrhosis: SOF+DCV+RBV for 12weeks (OR) 
SOF+DCV for 24weeks if RBV is ineligible

DCV, Daclatasvir; GT, genotype; HCV, Hepatitis C virus; LDV, Ledipasvir; RBV, Ribavirin; RNA, Rribonucleic acid; SOF, sofosbuvir; VEL, Velpatasvir. 

#RBV to be dosed as per body weight.

Sofosbuvir + velpatasvir ± ribavirin

The findings from the phase III, double-blind, placebo-controlled, 
randomized ASTRAL-1 trial formed the foundation for the use of 
sofosbuvir plus velpatasvir regimen for the treatment of patients 
with HCV GT1 infection. This study enrolled treatment-naïve and 
previously treated patients with HCV GT1, GT2, GT4, GT5, or GT6 
infections, including those with compensated cirrhosis. The enrolled 
patients were randomized (in a 5:1 ratio) to receive either velpatasvir 
or sofosbuvir combination (n=624), or placebo (n=116). Treatment 
with the velpatasvir and sofosbuvir combination for 12weeks resulted 
in an overall 99% SVR (98% and 99% SVR in GT1a and GT1b 
patients, respectively). The safety of the combination was comparable 
to placebo.40 The ASTRAL-4 is another phase III, open-label study 
that was conducted among treatment-naïve and -experienced HCV 
patients with GT1 through GT6 infections (n=267; GT1: 78%) and 
decompensated cirrhosis. Patients received sofosbuvir and velpatasvir 
for 24weeks (n=90), or sofosbuvir and velpatasvir once daily with 
(n=87) or without (n=90) ribavirin for 12weeks. The corresponding 
SVR rates in GT1a-infected patients were 93%, 94%, and 88%, 
respectively, and in GT1b-infected patients 88%, 100%, and 89%, 
respectively.41 ASTRAl-5 was another phase III, single-arm study in 
HCV GT1 through GT6 patients with HIV-1 co-infection, including 
those with compensated cirrhosis. In this study, sofosbuvir and 
velpatasvir regimen given for 12weeks was found to be safe and 
resulted in a 95% SVR in GT1 patients.42 Furthermore, a review of 

23 randomized clinical trials concluded sofosbuvir+velpatasvir with/
without ribavirin regimen, to be effective for the treatment of patients 
with HCV across GT 1 to 6 infections.43 In HCV patients on 12 or 
24weeks sofosbuvir/velpatasvir with/without ribavirin, the ribavirin-
free regimen was found to be associated with improved patient-
reported outcomes.44

Sofosbuvir + ledipasvir ± ribavirin

The phase III ION-1 trial evaluated a regimen of sofosbuvir and 
ledipasvir (taken for 12 or 24weeks) in treatment-naïve patients 
with chronic HCV GT1 infection (n=865; 16% with cirrhosis). The 
study findings revealed that the regimen was highly effective with a 
97%–99% SVR.45 In the ION-3 trial, a combination of sofosbuvir and 
ledipasvir for a duration of 8 weeks resulted in high SVR rates of 94% 
in previously untreated patients with HCV GT1 infection without 
cirrhosis. The SVR rates with the 8-week regimen were comparable 
with the 12-week sofosbuvir and ledipasvir combination regimen 
or the 8-week sofosbuvir and ledipasvir combination regimen with 
ribavirin. Furthermore, the sofosbuvir and ledipasvir combination was 
found to be safe and tolerable.46 A retrospective analysis of 100 chronic 
HCV patients from the ION-1 trial who achieved SVR at 12weeks 
post-treatment with sofosbuvir/ ledipasvir with or without ribavirin 
revealed that the ribavirin-free regimen was associated with reduced 
fatigue-related patient-reported outcomes.47 In a separate open label, 
single center study conducted among HCV GT1 or 4 patients who were 
receiving treatment for sickle cell disease, sofosbuvir and ledipasvir 
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combination for 12- or 24-weeks duration was found to be safe.48 A 
recent prospective study (SHARED trial) evaluated the combination 
of sofosbuvir and ledipasvir in GT1/4 HCV patients and found an 
86.7 % SVR rate with the 12-week regimen. Additionally, the study 
showed the combination to be safe with an adherence rate >98%.49 
Recent findings from another international, non-randomized pilot 
study in GT1, 2 and 4 treatment-naïve HCV patients revealed 100% 
adherence to the sofosbuvir and ledipasvir combination and reported 
an SVR of 90% for GT1 HCV subtype patients. The combination was 
also found to be safe and effective in HIV co-infected patients.50 The 
ION-4 multicentric open label trial reported an SVR rate of >95% in 
treatment-naïve and experienced patients with 

HCV GT1 infection co-infected with HIV-1.51

Sofosbuvir and ledipasvir regimen with or without ribavirin for 
12 or 24weeks has been found to yield high SVR rates in treatment-
experienced patients, including those with cirrhosis in the ION-
2 and SIRIUS trials.52,53 Another meta-analysis also supports the 
effectiveness and safety of sofosbuvir and ledipasvir combination 
in patients with HCV GT1 infection, both treatment-naïve and 
experienced, including in those with cirrhosis. Further, this analysis 
indicates that the addition of ribavirin may increase the incidence of 
adverse events but does not significantly affect the SVR at 12weeks.54

Sofosbuvir+ daclatasvir± ribavirin

The regimen in focus was evaluated in treatment-naïve patients 
with HCV GT1 through GT3 infection for a duration of 24weeks and in 
treatment-experienced patients with GT1 infection for 12 or 24weeks 
in the open-label, AI444040 trial. The SVR rates was 98%, both in 
treatment-naïve and -experienced patients with GT1 infection.55 The 
open-label, phase III ALLY-1 trial enrolled patients with HCV of all 
genotypes. Treatment of the enrolled patients with daclatasvir plus 
sofosbuvir with ribavirin for 12 or 24weeks in this trial was safe and 
exhibited an SVR rate of 82% in GT1 patients with cirrhosis and 
95% in GT1 transplant recipients.56 The 24weeks duration regimen of 
this combination was found to be safe and effective in recurrence of 
HCV GT1 cases, post liver transplantation, including those with HIV-
1 co-infection or with decompensated cirrhosis.57 Studies conducted 
in real-world settings also support the efficacy and safety of this 
regimen for HCV GT1 infection in diverse population with severe 
liver disease.58,59

Treatment of Patients with HCV GT2 Infection

Four regimens were proposed by the panel for the treatment of 
patients with chronic HCV GT2 infection (Table 4).

Sofosbuvir + velpatasvir ± ribavirin

In the randomized, phase III, open-label ASTRAL 2 trial, 
treatment-naïve and -experienced patients with GT2 infection, 
including those with compensated cirrhosis, were randomized to 
receive once-daily sofosbuvir and velpatasvir (n=134) or sofosbuvir 
plus weight-based ribavirin (n=132) for 12weeks. The corresponding 
SVR rates were 99% and 94%, respectively.60 The SVR rate with 
this 12-week combination regimen without ribavirin was 100% in 
GT2-infected patients in the ASTRAL 1 trial.40 The ASTRAL 4 study 
enrolled patients with decompensated cirrhosis and reported that 
the SVR rate was 100% in GT2-infected patients treated with this 

combination, with or without ribavirin, for 12weeks.41 Furthermore, 
while comparing patient reported outcomes (PROs) for the HCV 
patients with GT2 infection (ASTRAL 2 and 3) it was found that 
patients receiving the ribavirin-free regimen reported significantly 
better PRO scores during treatment compared with those receiving the 
RBV-containing regimen.44 Results from another recent international, 
non-randomized pilot study conducted among GT1, 2 or 4 treatment-
naïve HCV patients revealed 94% adherence to the sofosbuvir plus 
velpatasvir combination and reported an SVR of 90% for the GT2 
HCV subtype of patients. The combination was also found to be safe 
and effective in HIV co-infected patients.50

Sofosbuvir + ledipasvir ± ribavirin

In a phase III, randomized, open-label trial, the efficacy and safety 
of sofosbuvir and ledipasvir were assessed for the treatment of HCV 
GT2-infected patients with cirrhosis and/or prior treatment failure. 
Two cohorts of patients were considered for the study. Cohort 1 with 
ribavirin-tolerant eligible patients was randomized in a 1:1 ratio to 
receive ledipasvir plus sofosbuvir (n=106) or sofosbuvir plus ribavirin 
(n=108), both for 12weeks. Cohort 2 with patients not eligible for 
or intolerant to ribavirin treatment was treated with 12weeks of 
ledipasvir plus sofosbuvir therapy (n=25). The primary endpoint of 
SVR12 was achieved by 96% of patients treated with ledipasvir plus 
sofosbuvir, both in cohorts 1 and 2. The treatment was well-tolerated, 
and no treatment-emergent resistance was noted.61

Sofosbuvir + daclatasvir ± ribavirin

This regimen given for 24weeks was associated with an SVR of 
92% in treatment-naive HCV GT2-infected patients without cirrhosis 
in the AI444040 trial.55 Furthermore, daclatasvir plus sofosbuvir with 
ribavirin for 12 or 24weeks was found to be safe and exhibited an 
80% SVR rate in GT2-infected patients with cirrhosis in the ALLY-1 
trial.56 In the ALLY-2 trial, in HCV patients co-infected with HIV-1, 
the overall SVR rates across GT1 through GT4 in treatment-naïve 
and -experienced patients treated with the 12-week daclatasvir plus 
sofosbuvir regimen were noted to be 97% and 98%, respectively.62,63 

Sofosbuvir + ribavirin

In an international, one-arm, non-randomized study to evaluate 
the efficacy of a 12-week regimen of sofosbuvir and weight-based 
ribavirin for the treatment of treatment-naïve HCV GT 2-infected 
patients in West and Central Africa, an SVR rate of 90% was achieved 
with the combination.50 Sofosbuvir plus ribavirin for 12weeks was 
associated with a 97% SVR in treatment-naive patients with GT2 
infection, including in those with cirrhosis in the FISSION trial.64 In 
another international, prospective, observational study, the SVR after 
12weeks of treatment with this regimen in HCV GT2 patients without 
and with cirrhosis was 91.0% and 79.0% respectively.58 Furthermore, 
this regimen was found to be effective in both treatment-naïve and 
treatment-experienced HCV GT2-infected patients co-infected 
with HIV-1 in the PHOTON 1 and 2 trials (SVR: 88% and 92%, 
respectively, in PHOTON 1; SVR: 89% and 83%, respectively, in 
PHOTON 2).65,66

Treatment of Patients With HCV GT3 Infection

The preferred and alternative regimens for the treatment of HCV 
GT3 infection are given in Table 5.
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Table 4 Recommended treatment regimens for HCV GT2 infection

Recommendation 
category

Treatment 
option(s) Treatment regimen

Preferred

1. SOF+VEL ± 
RBV#

i. SOF+VEL for 12weeks (Addition of weight-based RBV may be considered 
for decompensated cirrhosis)

2. LDV+SOF ± 
RBV#

ii. LDV+SOF for 12weeks (Addition of RBV may be considered based on the 
physician’s discretion in treating difficult-to-treat patients [treatment-expe-
rienced patients, patients with cirrhosis])

iii. In case of previous SOF treatment failure: LDV+SOF+RBV for 12weeks

3. SOF+DCV ± 
RBV#

iv. SOF+DCV for 12 weeks 
v. In decompensated cirrhosis: SOF+DCV+RBV for 12 weeks

4. SOF+RBV# vi. SOF+RBV for 12 weeks (Data are not available for patients with decompen-
sated cirrhosis)

DCV, Daclatasvir; HCV, Hepatitis C virus; GT, Genotype; RBV, Ribavirin; SOF, Sofosbuvir; VEL, Velpatasvir; LDV, Ledipasvir.

#RBV to be dosed as per body weight

Table 5 Recommended treatment regimens for HCV GT3 infection

Recommendation 
category Treatment option(s) Treatment regimen

Preferred

1. SOF+VEL ± RBV#

i. SOF+VEL for 12weeks (Addition of RBV may be considered based on 
the physician’s discretion in treating difficult-to-treat patients [treatmen-
t-experienced patients, patients with cirrhosis])

ii. In patients with decompensated cirrhosis: SOF+VEL+weight-based RBV 
for 12weeks

2. SOF+DCV ± RBV# 

iii. SOF+DCV for 12weeks (Addition of RBV may be considered if cirrho-
sis has not been conclusively ruled out)

iv. In patients with compensated cirrhosis
v. Treatment-naïve patients: SOF+DCV+RBV for 12weeks

vi. Treatment-experienced patients: SOF+DCV+RBV for 24weeks
vii. In patients with decompensated cirrhosis
viii. SOF+DCV+RBV for 12weeks
ix. If RBV ineligible: SOF+DCV for 24weeks

Alternatives

1. SOF+RBV# x. SOF+RBV for 24weeks (should be considered only when preferred 
regimens are not available)

2. LDV+SOF+RBV# xi. LDV+SOF+RBV for 12weeks (should be considered only when prefer-
red regimens are not available)

DCV, Daclatasvir; GT, Genotype; HCV, Hepatitis C virus; LDV, Ledipasvir; RBV, Ribavirin; SOF, Sofosbuvir; VEL, Velpatasvir. 

#RBV to be dosed as per body weight
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Sofosbuvir + velpatasvir ± ribavirin

The combination regimen of sofosbuvir and velpatasvir for 12weeks 
was found to be effective with 95% SVR rates in HCV GT3-infected 
patients in the ASTRAL-3 trial. The SVR rate in treatment-naïve and 
treatment-experienced patients were 97%, and 90%, respectively. The 
SVR rate in patients with cirrhosis was 91%, and in patients without 
cirrhosis was 97%.60 The ASTRAL-4 study enrolled treatment-naïve 
and treatment-experienced patients with decompensated cirrhosis. In 
this study, the SVR rate with sofosbuvir and velpatasvir plus ribavirin 
for 12weeks was 85% conducted among GT3-infected patients.41 In 
another retrospective analysis conducted in HCV-infected patients 
with GT1 through GT6 infections, the SVR rate after 12weeks of 
treatment with sofosbuvir and velpatasvir regimen in patients with 
GT3 infection was found to be 95% and none of the patients in the 
analysis discontinued the treatment due to adverse events. Also, the 
combination was found to be effective in patients with advanced 
fibrosis and cirrhosis.67 Furthermore, sofosbuvir and velpatasvir once 
daily for 12weeks has been found to be effective with a 92% SVR 
rate in HCV GT3-infected patients co-infected with HIV-1.42 A recent 
meta-analysis conducted among 2975 patients with HCV GT2 and 3 
infections showed sofosbuvir combination with velpatasvir (with or 
without ribavirin) regimen to have a higher SVR rate at 12weeks after 
the treatment with a lower adverse events rate compared to sofosbuvir 
combined with ribavirin (with or without peg-IFN) regimen (94.9% 
versus 80.7%).68 

Sofosbuvir + daclatasvir ± ribavirin

The SVR rate with this regimen given for 24weeks was 89% in 
treatment-naïve HCV GT3-infected patients without cirrhosis in the 
phase II AI444040 trial.55 In the ALLY-3 trial, the SVR rate with the 12-
week regimen of daclatasvir plus sofosbuvir in treatment-naïve GT3-
infected patients was 90%, and in treatment-experienced patients, the 
SVR rate was 86%.69 In the ALLY-3+ trial, the safety and efficacy of 
a 12- or 16-week regimen of daclatasvir plus sofosbuvir and ribavirin 
was assessed in both treatment-naïve and treatment-experienced GT3-
infected patients with advanced fibrosis or compensated cirrhosis. The 
overall SVR was 90%. The SVR rate in the 12-week subgroup was 
88%, and 83% in the 12-week subgroup with cirrhosis.70 Furthermore, 
daclatasvir plus sofosbuvir with ribavirin for 12 or 24weeks exhibited 
an 83% SVR rate in GT3-infected patients with cirrhosis and a 91% 
SVR rate in GT3-infected transplant recipients in the ALLY-1 trial.56 
In HCV-HIV-1 co-infected patients, the overall SVR rates across GT1 
through GT4 with a 12-week regimen of daclatasvir plus sofosbuvir 
were noted to be 97% and 98%, in treatment-naïve and treatment-
experienced patients, respectively in the ALLY-2 trial.62,63 In one of 
the early access programs, daclatasvir combined with sofosbuvir, 
with/without ribavirin, was found to be effective in patients with 
life-threatening disease and high unmet needs as it provided high 
SVR12 rates with a good safety profile.59 In real-world settings (in 
the European and French compassionate programs), daclatasvir 
combined with sofosbuvir, with/without ribavirin has been found to 
be effective as well as well-tolerated in HCV GT3-infected patients, 
including those with prior treatment experience or with cirrhosis.71-74

Sofosbuvir + ribavirin

The regimen of sofosbuvir and ribavirin has been found to be 
effective in both treatment-naïve and treatment-experienced HCV 
GT3-infected patients co-infected with HIV; the overall SVR has been 
reported to be 89% after 12weeks of treatment with the combination.66

Sofosbuvir + ledipasvir + ribavirin

In a phase 2, open-label trial in patients with HCV GT3 or GT6 
infection, this regimen given for 12weeks was associated with 100% 
SVR rate in GT3-infected patients.75 Another open-label trial revealed 
an overall 89% SVR with the regimen in HCV GT3-infected patients.76

Treatment of patients with HCV GT4 infection

Four treatment options have been proposed by the expert panel for 
the treatment of patients with HCV GT4 infection (Table 6).

Sofosbuvir + velpatasvir ± ribavirin

Once-daily sofosbuvir and velpatasvir combination given for 
12weeks was associated with 100% SVR in GT4-infected patients in 
the phase III ASTRAL-1 trial. This study included both treatment-
naïve and treatment-experienced patients, including those with 
compensated cirrhosis.40 In the ASTRAL-4 study, which included 
patients with decompensated cirrhosis, sofosbuvir and velpatasvir 
combination for 24weeks or for 12weeks with or without ribavirin 
yielded a 100% SVR in GT4-infected patients.41 Sofosbuvir and 
velpatasvir combination for 12weeks was found to be safe and was 
also associated with a 100% SVR in GT4-infected patients co-infected 
with HIV-1.42 

Sofosbuvir + ledipasvir + ribavirin

Sofosbuvir and ledipasvir combination for 12weeks resulted in a 
100% SVR rate in treatment-naïve and treatment-experienced HCV 
GT4-infected patients, including in those with cirrhosis in the National 
Institute of Allergy and Infectious Diseases (NIAID) SYNERGY 
trial.77 High SVR rates were also noted with this regimen in other phase 
2 studies in involving similar patient cohorts.78 Real-world studies 
also support the efficacy of this combination regimen with high SVR 
rates (95.4%) in GT4-infected patients, including those with cirrhosis 
(SVR: 93.2%).79 In the SOLAR-2 study, sofosbuvir, ledipasvir, and 
ribavirin combination for 12 and 24weeks was associated with 78% 
and 94% SVR, respectively, in HCV GT4-infected patients with 
advanced liver disease.80 Furthermore, in the ION-4 trial, use of the 
sofosbuvir and ledipasvir fixed-dose combination for 12weeks was 
associated with 100% SVR in GT4-infected patients co-infected 
with HIV-1. This study enrolled both treatment-naïve and treatment-
experienced patients, including those with cirrhosis.51 Results from 
an international, non-randomized pilot study in GT4 treatment-naïve 
HCV patients revealed a 100% adherence to the sofosbuvir and 
ledipasvir combination and reported an SVR of 87.2% for the GT4 
HCV subtype patients. The combination was also found to be safe and 
effective in HIV co-infected patients.50 Furthermore, the SHARED 
trial which evaluated the combination of sofosbuvir and ledipasvir 
in GT1/4 HCV patients, found an 86.7 % SVR rate with the 12-week 
regimen. Additionally, the study showed the combination to be safe 
and the adherence rate to be >98%.49

Sofosbuvir + daclatasvir ± ribavirin

The combination of daclatasvir and sofosbuvir with ribavirin 
given for 12 or 24weeks was associated with a 100% SVR in GT4-
infected patients with cirrhosis in the ALLY-1 trial.56 In the ALLY-2 
trial, daclatasvir plus sofosbuvir given for 12weeks was found to be 
effective in treating GT1 through GT4 HCV patients co-infected with 
HIV-1, with 100% SVR in GT4-infected patients.62,63 
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Table 6 Recommended treatment regimens for HCV GT4 infection

Recommendation 
category

Treatment 
option(s) Treatment regimen

Preferred

1. SOF+VEL ± 
RBV#

i. SOF+VEL for 12weeks (Addition of RBV may be considered based on the 
physician’s discretion in treating difficult-to-treat patients [treatment-expe-
rienced patients, patients with cirrhosis])

ii. In patients with decompensated cirrhosis: SOF+VEL+weight-based RBV for 
12weeks

2. LDV+SOF ± 
RBV#

iii. LDV+SOF for 12 weeks (Addition of RBV may be considered based on the 
physician’s discretion in treating difficult-to-treat patients [treatment-expe-
rienced patients, patients with cirrhosis])

iv. In case of previous SOF treatment failure: LDV+SOF+RBV for 12weeks 

Alternatives SOF+DCV ± 
RBV#

v. SOF+DCV for 12weeks (Addition of RBV may be considered if cirrhosis has 
not been conclusively ruled out)

vi. Cirrhosis of any class: SOF+DCV+RBV for 12weeks
vii. If RBV is ineligible, SOF+DCV for 24weeks

DCV, daclatasvir; GT, genotype; HCV, hepatitis C virus; LDV, ledipasvir; RBV, ribavirin; SOF, sofosbuvir; VEL, velpatasvir.

#RBV to be dosed as per body weight

Treatment of patients with HCV GT5 or GT6 infections

The preferred and alternative regimens for the treatment of HCV 
GT5 or GT6 infections are given in Table 7.

Sofosbuvir + velpatasvir ± ribavirin

In the ASTRAL-1 study, treatment with once-daily sofosbuvir and 
velpatasvir for 12weeks was associated with 97% and 100% SVR rates 
in patients with GT5 and GT6 infections, respectively.40 In a separate 
phase 2 study, the SVR rate with this combination was 95%-96% 
for GT5- and GT6-infected patients.81 Furthermore, treatment with 
sofosbuvir and velpatasvir for 24weeks in patients with GT6 infection 
was associated with 100% SVR rate in the ASTRAL-4 study.41

Sofosbuvir + ledipasvir ± ribavirin

Treatment with the sofosbuvir and ledipasvir regimen for 12weeks 
in GT5-infected treatment-naïve and treatment-experienced patients, 
including those with cirrhosis, has been found to be safe and associated 
with a 95% SVR rate. 82 In a separate study, in patients with GT3 or 
GT6 infection, treatment-naïve and treatment-experienced patients 
with GT6 infection (n=25) treated with the combination for 12weeks 

attained a 96% SVR rate.75 

Sofosbuvir + daclatasvir ± ribavirin

The ALLY-1 trial evaluated sofosbuvir, daclatasvir, and ribavirin 
combination across all genotypes in HCV patients with advanced 
liver disease. Sustained virologic response was achieved in one GT6-
infected liver transplant recipient treated with the combination.56

Treatment of patients in situations where GT testing 
is not available 

The pan-genotypic velpatasvir regimens recommended by the 
Expert Panel for the treatment of HCV-infected patients in situations 
where GT testing is not available, include: (1) sofosbuvir plus 
velpatasvir for 12weeks in treatment naïve noncirrhotic patients; (2) 
sofosbuvir plus velpatasvir with/without ribavirin for 12weeks in 
treatment (Peg-IFN)-experienced noncirrhotic patients; (3) sofosbuvir 
plus velpatasvir for 12weeks in treatment naïve cirrhotic patients; (4) 
sofosbuvir plus velpatasvir with/without ribavirin for 12weeks in 
treatment (Peg-IFN)-experienced cirrhotic patients; and (5) sofosbuvir 
plus velpatasvir with ribavirin for 12weeks in decompensated cirrhotic 
patients.
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 Table 7. Recommended treatment regimens for HCV GT5 or GT6 infections

Recommendation 
category

Treatment 
option(s) Treatment regimen

Preferred

1. SOF+VEL ± 
RBV#

SOF+VEL for 12 weeks (Addition of RBV may be considered based on the physician’s 
discretion in treating difficult-to-treat patients [treatment-experienced patients, patients 
with cirrhosis])

i. In patients with decompensated cirrhosis: SOF+VEL+weight-based RBV 
for 12weeks

2. LDV+SOF ± 
RBV#

LDV+SOF for 12 weeks (Addition of RBV may be considered based on the physician’s 
discretion in treating difficult-to-treat patients [treatment-experienced patients, patients 
with cirrhosis])

ii. In case of previous SOF treatment failure: LDV+SOF+RBV for 12weeks

Alternatives SOF+DCV ± 
RBV#

SOF+DCV for 12weeks (Addition of RBV may be considered if cirrhosis has not been 
conclusively ruled out)

iii. Cirrhosis of any class: SOF+DCV+RBV for 12weeks
iv. If RBV is ineligible, SOF+DCV for 24weeks

DCV, daclatasvir; HCV, hepatitis C virus; GT, genotype; LDV, ledipasvir; RBV, ribavirin; SOF, sofosbuvir; VEL, velpatasvir.

#RBV to be dosed as per body weight

On- and post-treatment assessments
Assessing the on-treatment efficacy and safety, monitoring drug-

drug interactions, and evaluating medication adherence are crucial 
for achieving better treatment outcomes during the management 

of HCV infection. Conducting optimal follow-up and assessments 
post-treatment helps establish the successful elimination of the 
virus and prevents relapses. The on- and post-treatment assessments 
recommended by the expert panel are listed in Table 8.

 Table 8 On- and post-treatment assessments during the management of HCV infection

Assessments Expert recommendations

On-treatment

i. In patients with cirrhosis, CBC, creatinine level, calculated GFR, and hepatic function panel may be repeated 
after 4 weeks. 
ii. All patients on RBV should have CBC done at 4 and 8 weeks to monitor for hemolysis.
iii. HCV RNA testing (qualitative/quantitative) is not required, as there are no current recommendations for 
response-guided therapy. Testing may be done at the end of treatment, but it is not mandatory. 
iv. Assessment of potential drug-drug interactions with concomitant medications is recommended.
v. Periodic reviews of therapy compliance and the general condition of the patient are recommended.
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Assessments Expert recommendations

Post-treatment

i. Assessment for SVR should be done at 12 weeks or later after the end of the treatment. 
ii. In patients who have failed therapy:
a. Disease progression assessment (hepatic function panel, CBC, and INR) should be done once in 6 to 12 
months.
b. In patients with advanced fibrosis (Metavir stages F3 or F4), screening for hepatocellular carcinoma with 
ultrasound examination is recommended every 6 months. 
c. Endoscopic screening for esophageal varices is recommended in cirrhotic patients with evidence of varices 
before treatment.
iii. In patients who achieve SVR:
a. In patients with advanced fibrosis (Metavir stage F3 or F4), screening for hepatocellular carcinoma with 
ultrasound examination is recommended every 6 months. 
b. Endoscopic screening for esophageal varices is recommended in cirrhotic patients.
c. AFP as a screening test for HCC is recommended in cirrhotic patients

CBC, complete blood count; GFR, glomerular filtration rate; HCV, hepatitis C virus; INR, international normalized ratio; RNA, ribonucleic acid; SVR, sustained 
virologic response; AFP, alpha fetoprotein; HCC, hepatocellular carcinoma.

Table Continued

Summary and future directives
One of the major unmet needs in Africa is the need for developing 

structured region-specific guidelines on the diagnosis and treatment 
of HCV infection that can help guide clinical practice decisions. 
The current African consensus document aims to provide necessary 
guidance to the clinicians practicing in the region for the cost-
effective and optimal management of HCV infection. The document 
encapsulates the key recommendations from the expert panel on the 
diagnosis, screening, and treatment of HCV infection along with 
summarizing, the pre-, on-, and post-treatment assessment of patients 
with HCV infection in Africa. In addition to translating these evidence-
based recommendations to clinical practice, it is imperative that 
physicians in this region individualize and optimize the management 
of HCV infection and contribute to enhancing the patients’ awareness 
of the disease. Improving access to newer and safer treatments may 
also help in further optimization of treatment outcomes in resource-
limited settings such as Africa.
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