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1  | INTRODUC TION

Although chronic hepatitis C virus (HCV) infection affects an esti-
mated 71 million people worldwide, HCV is now a curable disease 

that can be treated by potent new direct-acting antiviral (DAA) 
therapies.1,2 Evidence-based policymaking to ensure that DAAs 
are delivered to the appropriate recipients requires identification 
of infected patients through diagnostic testing and prevalence 
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Summary
The prevalence of chronic hepatitis C virus (HCV) and the presence of human pegivi-
rus 2 (HPgV-2) have not been examined in Cameroon, although HCV has been associ-
ated with HPgV-2 infections previously. Herein we aimed to characterize the burden 
and genetic diversity of HCV and the presence of HPgV-2 in Cameroon. Retrospective 
plasma specimens collected from N = 12 369 consenting subjects in South Cameroon 
from 2013 to 2016 were included in the study. The majority (97.1%) of participants 
were patients seeking health care. All specimens were screened for HCV using the 
Abbott RealTime HCV viral load assay and positive specimens with remaining volume 
were also screened for HPgV-2 antibodies on the Abbott ARCHITECT instrument, 
followed by molecular characterization. Overall, HCV RNA was detected in 305 
(2.47%; 95% CI: 2.21%-2.75%) specimens. Notably, the prevalence of HCV RNA was 
9.09% amongst participants over age 40 and 3.81% amongst males. Phylogenetic 
classification of N = 103 HCV sequences identified genotypes 1 (19.4%), 2 (15.5%) 
and 4 (65.1%) within the study cohort. Amongst HCV RNA-positive specimens, 
N = 28 (10.6%; 95% CI: 7.44%-14.90%) specimens also had detectable HPgV-2 anti-
bodies. Of these, N = 2 viremic HPgV-2 infections were confirmed by sequencing and 
shared 93-94 median % identity with strains found on other continents. This is the 
first study to determine the prevalence of chronic HCV in Cameroon, and the discov-
ery of HPgV-2 in this study cohort expands the geography of HPgV-2 to the African 
continent, indicating a widespread distribution exists.
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estimates to predict the cost of eradication efforts. HCV is en-
demic to Cameroon, with meta-analysis prevalence estimates 
varying from 3.6% in low-risk populations to 12.2% in high-risk 
populations.3,4 A large study cohort is key to determining the ac-
tual burden of chronic HCV. The Cameroon 2011 national health 
survey of dried blood spots from N = 14 150 residents reported 
the prevalence of anti-HCV-positive individuals to be 1.1%.5 
However, the prevalence of viremic HCV infections in Cameroon 
remains unknown.

To date, estimates of HCV prevalence in Cameroon have relied 
entirely on the detection of anti-HCV antibodies.3,4,6 Seroprevalence 
rates do not directly reflect the rates of chronic HCV infection since 
they include patients who have spontaneously cleared their infection, 
and antibody-negative acute infections can also be missed. In con-
trast, detection of viral components, such as HCV RNA or core anti-
gen, provides a direct measurement of the prevalence of viremic HCV 

infections that can be cured by DAA treatment. Although a direct 
measurement has not been made in Cameroon, a prediction model 
estimates the prevalence of HCV RNA in Cameroon to be 0.7%,7 
which is similar to the rate of 0.9% (95% CI: 0.3%-1.6%) recently ob-
served in the neighbouring Democratic Republic of the Congo.8

Human pegivirus 2 (HPgV-2) is a newly identified virus that is 
most closely related to rodent and bat pegiviruses, sharing <32% 
amino acid identity with these relatives,9,10 HPgV-2 infections have 
been identified in plasma specimens from the USA, UK, Germany, 
Iran and China,9-16 indicating that this virus is already present on at 
least 3 continents. The expansion of HPgV-2 surveillance to addi-
tional parts of the world will determine the prevalence and extent 
of genetic diversity of HPgV-2. Although the effects of HPgV-2 on 
human health have not been determined, an association between 
the detection of HPgV-2 RNA and HCV co-infection has been 
observed.10-13,15

F IGURE  1 Study sites and demographics. A, The 10 study sites with at least 100 participants are shown by dots coloured to represent 
HCV prevalence as indicated by colour key on a map of the South Region of Cameroon with the prevalence of HCV RNA at each site 
indicated as a percentage of the total samples at each site. B, The distribution of ages of all study participants is shown in orange and the 
prevalence of HCV RNA for each age is shown in blue as a percentage of total samples for each age. C, The prevalence of HCV RNA in each 
cohort is indicated as a percentage
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In the present study, we aimed to determine the prevalence of 
HCV viremia and presence of HPgV-2 in South Cameroon by screen-
ing a retrospective cohort of 12 369 plasma specimens for HCV 
RNA, followed by HPgV-2 antibody screening of the positives. We 
report the viral sequences and classifications for N = 103 HCV and 
N = 2 HPgV-2 strains identified in the study population, adding to 
the known diversity of both viruses.

2  | MATERIAL S AND METHODS

2.1 | Study population

This study was approved by the Ministry of Health, the Cameroon 
National Ethical Review Board, and the Faculty of Medicine and 
Biomedical Science IRB in Cameroon. Informed consent was ob-
tained from all participants and plasma specimens were collected 
anonymously in 21 towns and villages in South Cameroon (Figure 1 
and Table S1). All specimens were initially collected and screened for 
HIV, HBV and HTLV as described previously.17 From the larger initial 
study population, a retrospective cohort of N = 12 369 specimens 
collected from 2013 to 2016 with sufficient remaining volume were 
included in the present study. Collection sites and categories have 
been previously described, with the majority of participants report-
ing illness of unknown aetiology and a prescreening bias to include 
approximately 40% HIV-positive specimens in the study.17 A flow 
chart describing the testing algorithm can be found in Figure 2.

2.2 | HCV screening

Specimens were tested for HCV RNA in pools of 5 in an off-label use 
of the m2000 HCV RealTime (RT) viral load assay (04J86; Abbott 
Molecular Diagnostics, Des Plaines, IL, USA). Positive pools were 

dissected by retesting individual samples at a 1:5 dilution in recalci-
fied normal human plasma by the RT assay. Final viral load results 
have been corrected for the dilution factor.

2.3 | HPgV-2 antibody screening

HCV RNA-positive specimens with sufficient volume were screened 
by prototype serology assays on the ARCHITECT instrument to de-
tect IgG antibodies to HPgV-2 NS4AB and E2 proteins as previously 
described.15 Results of 0.80-0.99 S/CO were considered grayzone 
while samples with S/CO of at least 1.0 were positive.

2.4 | HCV sequence characterization

Total nucleic acid was extracted from 0.2 ml of plasma using auto-
mated Abbott open mode TNA-200-50 protocol (Abbott Molecular 
Diagnostics) or alternatively, leftover RNA from the viral load 
dissection testing was used for RT-PCR to amplify 5′UTR-core 
(749 bp, H77 nucleotides 127-875) and/or NS5B (383 bp, H77 nu-
cleotides 8250-8638) regions. For the 5′UTR-core region, one-
step RT-PCR was performed with 15 μl of RNA, forward primer 
HCV-127F (5′ TCCCGGGAGAGCCATAGT), reverse primers HCV-
852Rb (5′ AGGAAGATAGAGAAAGAGCAACC) and HCV-852Rc 
(5′ AGGAAGATAGAAAAGGAGCAACC) using QIAGEN One-Step 
RT-PCR reagents (QIAGEN GmbH, Hilden, Germany) according to 
the manufacturer’s instructions. Cycling conditions were 50°C for 
30 minutes, 95°C for 15 minutes, 50 cycles of 94°C for 15 seconds, 
50°C for 30 seconds and 72°C for 1 minute 30 seconds, and final 
extension at 72°C for 10 minutes.

To amplify the NS5b region, a first round of RT-PCR was per-
formed with EF101F18 and a mix of two reverse primers HCV-NS5b-
R1e (5′ GAGTACCTGGTCATAGCCTCCGTGAA) and HCV-NS5b-R2e 
(5′ GAGTACCTCGTCATAGCYTCCGTGAA). Cycling conditions were 
50°C for 30 minutes, 95°C for 15 minutes, 5 cycles of 94°C for 
15 seconds, 50°C for 30 seconds, 72°C for 1 minute; 40 cycles of 
94°C for 15 seconds, 55°C for 30 seconds, 72°C for 1 minute; fol-
lowed by final extension 72°C for 10 minutes.

Nested PCR was performed with NS5B internal primer pair 
HCVNS5F2p/HCVNS5Rnb18 using AmpliTaq DNA Polymerase 
reagents (Applied Biosystems, Carlsbad, CA, USA) and 2 μL of 
first-round product as template. Cycling conditions were 95°C 
for 1 minute, 40 cycles of 94°C for 15 seconds, 55°C for 30 sec-
onds, 72°C for 1 minute followed by final extension at 72°C for 
10 minutes. Amplified products were sequenced as previously 
described.17

Sequence data were edited and assembled using Sequencher 
software version 5.4.6 (Genecodes Corp, Ann Arbor, MI, USA). 
Sequences were aligned to N = 117 reference strains including 
subgenotypes of HCV genotypes 1-7 by MUSCLE in Sequencher. 
Gaps were manually removed in BioEdit version 7.0.4.119 and 
Neighbour-Joining phylogenetic inference was performed using the 
PHYLIP 3.5c (J Felsenstein, University of Washington, Seattle, WA, 
USA) software package as previously described.17

F IGURE  2 HCV and HPgV-2 testing algorithm. The number 
of specimens tested for each assay is shown in black adjacent to 
the appropriate arrow and the number of positives is indicated in 
the boxes for each test. Samples were tested for HCV viral load 
in pools of 5 in an off-label use of the Abbott RealTime assay, 
followed by individual testing for specimens in positive pools. Anti-
HPgV-2-positive specimens include both grayzone and reactive test 
results
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2.5 | HPgV-2 sequence characterization

Leftover nucleic acid from viral load testing or benzonase-
treated plasma extractions were templates for RT-PCR ampli-
fication of the 5′UTR region using QIAGEN One-Step RT-PCR 
reagents (QIAGEN GmbH, Hilden, Germany) according to the 
manufacturer’s instructions. Amplified products were se-
quenced as previously described.17 Sequences were aligned 
to all global N = 26 HPgV-2 strains and rodent pegivirus by 
MUSCLE in Sequencher version 5.4.6 (Genecodes Corp), and 
sequence identity to reference sequences was determined 
using BioEdit version 7.0.4.1.19

2.6 | HPgV-2 and HCV next generation sequencing 
(NGS)

Benzonase pre-treatment of plasma,20 total nucleic acid extraction 
on the m2000 instrument, metagenomic library preparation, se-
quencing on the MiSeq instrument and analysis are described in de-
tail elsewhere.10 All partial HCV genomes obtained from NGS data 
sets had different coverage and gap positions so phylogenetic infer-
ence was applied as described above for Sanger sequences for each 
individual partial genome except that alignments were gap-stripped 

to the regions where specimen sequence was available. NGS cover-
age and average read depth are shown in Tables S2 (HCV) and S3 
(HPgV-2). Alignment and phylogenetic inference were completed as 
described above.

2.7 | Statistical analysis

Confidence intervals were determined by the Wilson Score method21 
in Microsoft Excel 2016. Standard deviations were calculated in 
Microsoft Excel 2016.

2.8 | Data availability

HCV sequences can be found in Genbank under accession numbers 
MH477292-MH477414 (Sanger) and MH447417-MH477426 (NGS). 
HPgV-2 sequences can be found in Genbank under accession num-
bers MH477415 (D2931) and MH477416 (K4583).

3  | RESULTS

3.1 | Demographics

A convenience cohort of 12 369 residual plasma specimens col-
lected in 2013-2016 as part of an HIV diversity study was selected 
for HCV screening based on available volume for additional test-
ing.17 Age and gender data were available for the majority of par-
ticipants, indicating that 70.5% of the study population was female 
and 29.5% were male. The participant ages ranged from 6 months to 
92 years old, with an average age of 31.5 years (standard deviation 
12.8 years) (Figure 1). Specimens were collected mainly from ill pa-
tients at hospitals and clinics (97.1%) in 21 sites in South Cameroon.17 
Prescreening of specimens indicated that 37.7% (N = 4657) of the 
specimens were seropositive for HIV and 9.6% (N = 1184) were posi-
tive for HBV surface antigen (HBsAg), including 575 (4.6%) speci-
mens from HIV-HBV co-infected participants.

3.2 | HCV prevalence

HCV RNA was detected in 305 (2.47%, 95% CI: 2.21%-2.75%) spec-
imens (Figures 1 and 2). Of these viremic patients, 123 were also 
HIV positive, including 7 HIV-HBV-HCV triple infections (Figure 3). 
The resulting prevalence of HCV RNA within the HIV-positive group 
(2.6%, 95% CI: 2.2%-3.14%) was similar to the overall prevalence, 
while the rate amongst HBV-positive participants (0.93%, 95% CI: 
0.52%-1.66%) was lower than that of HBV-negative participants 
or the overall prevalence (Figure 1), consistent with previous re-
ports.22,23 Notably, the prevalence of HCV RNA was nearly twice 
as high amongst males (3.81%, N = 99/2599) compared to females 
(2.05%, N = 127/6199, Figure 1). The mean age of the HCV RNA-
positive participants was 52.5 years old while the mean age of the 
HCV RNA-negative participants was 31. Accordingly, the prevalence 
of HCV was higher amongst participants over age 40 (9.09%, 95% 
CI: 7.86%-10.49%) compared to the overall study prevalence (2.47%, 

F IGURE  3 Summary of co-infections. A, The number of single, 
dual and triple infections identified in the study cohort is indicated 
by a Venn diagram. B, The percentage of all HCV RNA-positive 
specimens with HIV, HBV or HPgV-2 co-infections are indicated in 
the blue section of each corresponding bar; each portion is labelled 
with the percentage value plotted



34  |     RODGERS et al.

95% CI: 2.21%-2.75%, Figure 1). In contrast, HCV RNA was not de-
tected in any of the N = 695 juvenile participants of ages 6 months 
to 17 years old (Figure 1). Furthermore, HCV RNA prevalence varied 
considerably by study collection site, with the highest prevalence 
rate amongst sites with at least 100 participants in Bipindi (4.0%) 
and the lowest rate in Kribi (1.5%, Figure 1, Table S1). The HCV viral 
load of positive specimens ranged from detectable (<1.48 log IU/mL 
at a 1:5 dilution) to 6.42 log IU/mL, with the majority of specimens 
having 4 log IU/mL or higher viral load (N = 218, 71.5%).

3.3 | HCV diversity

HCV genotypes were classified from sequences in the NS5B (N = 71) 
and/or 5′UTR-Core regions (N = 53). In parallel, partial and com-
plete HCV genomes were obtained from the NGS data sets of 10 
specimens during metagenomic sequencing of HPgV-2-positive 
specimens described in the following sections, with HCV coverage 
ranging from 36% to 100% (Table S2). The predominant classification 
was genotype 4 (65.1%), with genotypes 1 (19.4%) and 2 (15.5%) also 
detected (Figure 4, Table 1, Figure S2). As expected, all specimens 
sequenced in two regions had concordant classifications. A variety 
of subgenotypes were found in the study population, including 1a, 
1c, 1e, 1g, 1h, 1l, 2q, 4f, 4p and 4t (Figure 4, Table 1, Figure S2). The 
diverse set of HCV subgenotypes detected here is consistent with 
previous reports from Cameroon.24-27

3.4 | HPgV-2 prevalence

Since HPgV-2 infections have predominantly been identified in 
viremic HCV co-infected individuals,10,12-15 a subset of N = 264 HCV 
RNA-positive specimens were screened for antibodies to HPgV-2 
NS4AB and E2 proteins (Figure 2). Overall, N = 28 specimens were 
reactive in at least one antibody assay and N = 11 additional speci-
mens had at least one grayzone result, giving a HPgV-2 seropreva-
lence of 10.6% amongst HCV RNA-positive specimens (Figure 3). 
Higher HPgV-2 seroprevalence rates were found amongst HIV-HCV 
co-infected participants (13.8%, N = 15/109) compared to HCV 
mono-infected (8.39%, N = 13/155) participants, consistent with 

previous reports.12,28 Similarly, a higher HPgV-2 seroprevalence rate 
was observed amongst females (11.0%, N = 12/109) compared to 
males (5.13%, N = 4/78). However, HBV-HCV-HPgV-2 co-infections 
were not identified in the study cohort. Out of the N = 24 HPgV-2 
seropositive participants with demographic data, the ages ranged 
from 24 to 77, with a mean age of 51 (standard deviation 13.6) years 
old. HPgV-2 seropositive specimens had HCV viral loads ranging 
from 1.81 to 5.98 log IU/mL and were identified in specimens from 9 
study sites (Table S1, Figure S1). Amongst N = 13 HPgV-2 seroposi-
tive specimens with HCV sequences, genotypes 1e (N = 2, 15.4%), 2 
(N = 2, 15.4%), 2a (N = 1, 7.7%), 4f (N = 7, 53.8%) and 4t (N = 1, 7.7%) 
were identified.

To identify viremic HPgV-2 infections, RT-PCR of the 5′UTR re-
gion and metagenomic next generation sequencing (NGS) methods 
were applied to RNA extracted from dilutions of all the remaining 
volume from N = 18 HPgV-2 seropositive specimens. The presence 
of HPgV-2 RNA was confirmed by two sequencing methods for 
N = 2 specimens (11.1%), both of which were co-infected with HIV 

F IGURE  4 HCV phylogenetic trees. 
Neighbour-joining phylogenetic trees for 
(A) 5′UTR-core and (B) NS5B are shown 
with specimen sequences in red and 
references in black. Bootstrap values >90 
are indicated by a black box
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TABLE  1 HCV classifications. The total number (N) of samples 
with each HCV classification is listed along with the percentage (%) 
of all sequenced HCV samples

Classification N %

1c 1 0.97

1e 10 9.71

1g 2 1.94

1h 6 5.83

1l 1 0.97

2 14 13.59

2a 1 0.97

2q 1 0.97

4 5 4.85

4f 37 35.92

4p 11 10.68

4t 14 13.59

Total 103
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(Figure 2). Each of the viremic HPgV-2 specimens was collected from 
52-year-old females seeking health care; one in Ebolowa in 2013 and 
the other in Kribi in 2015. Metagenomic NGS data confirmed that 
each viremic HPgV-2 patient carried a different strain of HCV (2, 
D2931; 4f, K4583) and HIV (CRF02, D2931; F2, K4583). The merged 
Sanger and NGS consensus HPgV-2 sequences from each of the 
two viremic specimens resulted in 19.3% (1901 bases, D2931) and 
38.3% (3778 bases, K4583) HPgV-2 genome coverage, respectively. 
Between the two sequences, gaps in coverage occurred in different 
regions of the genome, with only 281 nucleotide positions covered 
for both samples (Figure S3). Separate phylogenetic analyses of each 
Cameroonian HPgV-2 sequence indicated that the strains identified 
in South Cameroon branched closely with other strains (Figure 5), 
sharing 91.3-96% nucleotide identity with closest relative strains 
(ABT0035P/ABT0041P) and a median 93-94% identity with all other 
HPgV-2 strains.

4  | DISCUSSION

This is the largest HCV surveillance study to date in Cameroon, 
spanning 4 years (2013-2016) and including N = 12 369 participants 

from N = 21 South region sites. Furthermore, this study is the first to 
determine the prevalence of HCV RNA in a cohort from Cameroon, 
providing new insight towards developing appropriate diagnostic and 
treatment plans in the region. Notably, the prevalence of HCV RNA 
in our study (2.47%) was lower than the reported seroprevalence in 
Cameroon, which ranges from 3.6% in healthy cohorts to 12.2% in 
people who are ill,3,4 indicating that seroprevalence measurements 
may not predict the number of viremic infections. Nonetheless, the 
HCV RNA prevalence we observed (2.47%) is consistent with the 
0.7% prevalence calculated by a recent prediction model7 and the 
measured 0.9% prevalence in the neighbouring Democratic Republic 
of Congo national survey8 when the two major biases of our study 
are taken into account. First, the majority of the study population 
(97.1%) identified as ill patients seeking health care17 and second, 
the prevalence of HIV was much higher amongst study participants 
(37.7%, Figure 3) than the overall prevalence of 4.3% in the general 
population as determined by a 2011 national survey.17,29 Yet within 
the HIV-positive cohort of our study, the prevalence of HCV RNA 
(2.64%) was similar to the prevalence within the HIV-negative co-
hort (2.36%, Figure 1), indicating that the higher proportion of 
HIV-positive individuals in our study had a minor effect on the 
overall prevalence rate for viremic HCV infections. This leaves the 

F IGURE  5 HPgV-2 phylogenetic trees. HPgV-2 phylogenetic trees. Neighbour-joining phylogenetic trees generated from alignments gap-
stripped to the regions NGS coverage for a) D2931 and b) K4583 partial genome sequences are shown with specimen sequences in red and 
references in black. Bootstrap values are indicated for branches containing specimen sequence
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overrepresentation of patients seeking health care in our study pop-
ulation as a probable cause for a slightly higher prevalence of HCV 
RNA than predicted, suggesting that patients seeking health care in 
South Cameroon have a higher likelihood of chronic HCV infection 
than the general population.

Our study utilized a high throughput screening algorithm in 
which a primary HCV RNA screen of pools of 5 specimens was fol-
lowed by dissection of positive pools and subsequent serology test-
ing of positive specimens (Figure 2). While this method allowed us to 
determine the prevalence of viremic infections, the resulting preva-
lence could be an underestimate as the limit of detection (LOD) by 
our minipooling screening algorithm was 150 IU/mL (assay LOD × 
5). However, the median viral load in a cohort of HCV-positive spec-
imens from Cameroon was 6 log IU/mL in a recent study,22 indicat-
ing that very few specimens are expected to have viral load below 
150 IU/mL. Our study is consistent with previous reports of higher 
HCV prevalence amongst older adults in Cameroon.5,24,26,30,31 In 
particular, adults over the age of 50 are at a higher risk for chronic 
HCV infection in Cameroon due to a spike in HCV transmission that 
has been estimated by population genetics to have occurred be-
tween 1920 and 1960, with prophylactic and therapeutic injections 
performed on a large scale during this time period as potential iat-
rogenic transmission routes of infection.24,32-36 In this context, our 
observation that individuals over 40 years old had an elevated prev-
alence of viremic HCV infections (9.09%, Figure 1) further highlights 
that this cohort should be targeted for HCV diagnostic testing and 
DAA therapy towards HCV eradication.

This is the first study to report HPgV-2 infections on the African 
continent, with a seroprevalence of 10.6% amongst HCV RNA-
positive individuals in Cameroon, which is higher than the rates ob-
served in the USA (2.6%-3.31%)10,15 and China (1.23%).12 Amongst 
HPgV-2 seropositive individuals that we were able to test, 2/18 
(11.1%) viremic infections were confirmed by two independent se-
quencing strategies (Figures 3 and 5), although this may be an un-
derestimation of HPgV-2 viremic cases and an overestimation of 
clearance due to specimen dilution prior to molecular characteri-
zation. Notably, both of the viremic HPgV-2 infections identified 
in Cameroon were co-infected with HCV and HIV, consistent with 
previous reports of higher rates of HPgV-2 viremia within HCV/
HIV-positive cohorts (3.5%, China; 10.9% USA).12,14 The strains 
identified in Cameroon are most closely related to a US strain with 
two serial bleeds from a single individual (ABT0035P/ABT0041P).10 
The sequence identities of the Cameroonian HPgV-2 strains com-
pared to this US strain (91.3%, K4583; 96%, D2931) and to others 
overall (93%, K8543; 94%, D2931) are consistent with previous re-
ports.9-12,14,16 HPgV-2 infections were not restricted to a single site 
in our study; rather, a total of 9 collection sites had specimens that 
were seropositive for HPgV-2, suggesting that the prevalence re-
ported here is not due to a location-specific outbreak (Figure S1). 
Since HPgV-2 screening was limited to HCV RNA-positive speci-
mens, the prevalence of HPgV-2 in HCV-negative populations of 
Cameroon is unknown. While previous studies have primarily iden-
tified viremic HPgV-2 infections in HCV co-infected individuals,10-15 

the role of HCV co-infection in the persistence of HPgV-2 viremia 
remains unknown. Likewise, additional studies are necessary to de-
termine whether HPgV-2 impacts human health, and screening in 
additional geographical locations may identify previously underap-
preciated diversity amongst HPgV-2 strains.

ACKNOWLEDG EMENTS

We thank Dr. Eric Frost and Dr. Jacques Pepin (University of 
Sherbrooke, Québec, Canada) for providing primer sequences.

CONFLIC T OF INTERE S T

MAR, VH, AV, AO, KF, KEC, MBF, MGB and GAC are shareholders in 
Abbott Laboratories (Abbott Park, IL, USA).

ORCID

Mary A. Rodgers   http://orcid.org/0000-0001-8815-8651 

R E FE R E N C E S

	 1.	 Pawlotsky JM, Feld JJ, Zeuzem S, Hoofnagle JH. From non-A, 
non-B hepatitis to hepatitis C virus cure. J Hepatol. 2015;62(1 
Suppl):S87‐S99.

	 2.	 Global Hepatitis Report, 2017. Geneva:World Health Organization.
	 3.	 Bigna JJ, Amougou MA, Asangbeh SL, Kenne AM, Nansseu JR. 

Seroprevalence of hepatitis C virus infection in Cameroon: a sys-
tematic review and meta-analysis. BMJ Open. 2017;7:e015748.

	 4.	 Gower E, Estes C, Blach S, Razavi-Shearer K, Razavi H. Global epi-
demiology and genotype distribution of the hepatitis C virus infec-
tion. J Hepatol. 2014;61(1 Suppl):S45‐S57.

	 5.	 Njouom R, Tejiokem MC, Texier G, Fontanet A. Prevalence of hep-
atitis B, hepatitis C and hepatitis D virus infections in Cameroon: 
results from a national population based survey(The ANRS 12289 
project). J Viral Hepatitis. 2015;22(2 (Suppl S2)):1‐18.

	 6.	 Tietcheu Galani BR, Njouom R, Moundipa PFP. Hepatitis C in 
Cameroon: what is the progress from 2001 to 2016? J Transl Int 
Med. 2016;4:162‐169.

	 7.	 Chan HLY, Chen CJ, Omede O, et al. The present and future disease 
burden of hepatitis C virus infections with today’s treatment para-
digm: volume 4. J Viral Hepatitis. 2017;24(Suppl 2):25‐43.

	 8.	 Parr JB, Lodge EK, Holzmayer V, et al. An efficient, large-scale sur-
vey of hepatitis C viremia in the Democratic Republic of the Congo 
using dried blood spots. Clin Infect Dis. 2018;66(2):254‐260. doi: 
10.1093/cid/cix771 

	 9.	 Kapoor A, Kumar A, Simmonds P, et al. Virome analysis of trans-
fusion recipients reveals a novel human virus that shares ge-
nomic features with hepaciviruses and pegiviruses. MBio. 
2015;6:e01466‐01415.

	10.	 Berg MG, Lee D, Coller K, et al. Discovery of a novel human pegi-
virus in blood associated with hepatitis C virus co-infection. PLoS 
Pathog. 2015;11:e1005325.

	11.	 Bonsall D, Gregory WF, Ip CL, et al. Evaluation of viremia frequen-
cies of a novel human pegivirus by using bioinformatic screening 
and PCR. Emerg Infect Dis. 2016;22:671‐678.

	12.	 Wang H, Wan Z, Xu R, et  al. A novel human pegivirus HPgV-2 
(HHpgV-1) is tightly associated with HCV infection and HCV/HIV-1 
co-infection. Clin Infect Dis. 2018;66(1):29‐35. doi: 10.1093/cid/
cix748 

http://orcid.org/0000-0001-8815-8651
http://orcid.org/0000-0001-8815-8651
https://doi.org/10.1093/cid
https://doi.org/10.1093/cid
https://doi.org/10.1093/cid


     |  37RODGERS et al.

	13.	 Frankel M, Forberg K, Coller KE, et  al. Development of a high-
throughput multiplexed real time RT-PCR assay for detection of 
human pegivirus 1 and 2. J Virol Methods. 2017;241:34‐40.

	14.	 Kandathil AJ, Breitwieser FP, Sachithanandham J, et  al. Presence 
of human hepegivirus-1 in a cohort of people who inject drugs. Ann 
Intern Med. 2017;167:1‐7.

	15.	 Coller KE, Berg MG, Frankel M, et al. Antibodies to the novel human 
pegivirus 2 are associated with active and resolved infections. J Clin 
Microbiol. 2016;54:2023‐2030.

	16.	 Bijvand Y, Aghasadeghi MR, Sakhaee F, et  al. First detection of 
human hepegivirus-1 (HHpgV-1) in Iranian patients with hemo-
philia. Sci Rep. 2018;8:5036.

	17.	 Rodgers MA, Vallari AS, Harris B, et al. Identification of rare HIV-1 
Group N, HBV AE, and HTLV-3 strains in rural South Cameroon. 
Virology. 2017;504:141‐151.

	18.	 Plamondon M, Labbe AC, Frost E, et al. Hepatitis C virus infection in 
Guinea-Bissau: a sexually transmitted genotype 2 with parenteral 
amplification? PLoS ONE. 2007;2:e372.

	19.	 Hall TA. BioEdit: a user-friendly biological sequence alignment ed-
itor and analysis program for Windows 95/98/NT. Nucleic Acids 
Symp Ser. 1999;41:95‐98.

	20.	 Rodgers MA, Wilkinson E, Vallari A, et al. Sensitive next-generation 
sequencing method reveals deep genetic diversity of HIV-1 in 
the Democratic Republic of the Congo. J Virol. 2017;91(6): pii: 
e01841‐16.

	21.	 Wilson EB. Probable inference, the law of succession, and statistical 
inference. J Am Stat Assoc. 1927;22:209‐212.

	22.	 Duchesne L, Njouom R, Lissock F, et al. HCV Ag quantification as 
a one-step procedure in diagnosing chronic hepatitis C infection in 
Cameroon: the ANRS 12336 study. J Int AIDS Soc. 2017;20:21446.

	23.	 Noubiap JJ, Joko WY, Nansseu JR, Tene UG, Siaka C. Sero-
epidemiology of human immunodeficiency virus, hepatitis B and 
C viruses, and syphilis infections among first-time blood donors in 
Edea, Cameroon. Int J Infect Dis. 2013;17:e832‐e837.

	24.	 Njouom R, Nerrienet E, Dubois M, et al. The hepatitis C virus ep-
idemic in Cameroon: genetic evidence for rapid transmission be-
tween 1920 and 1960. Infect Genet Evol. 2007;7:361‐367.

	25.	 Iles JC, Njouom R, Foupouapouognigni Y, et al. Characterization of 
hepatitis C virus recombination in Cameroon by use of nonspecific 
next-generation sequencing. J Clin Microbiol. 2015;53:3155‐3164.

	26.	 Pepin J, Lavoie M, Pybus OG, et  al. Risk factors for hepati-
tis C virus transmission in colonial Cameroon. Clin Infect Dis. 
2010;51:768‐776.

	27.	 Pasquier C, Njouom R, Ayouba A, et al. Distribution and heteroge-
neity of hepatitis C genotypes in hepatitis patients in Cameroon. J 
Med Virol. 2005;77:390‐398.

	28.	 Wang H, Wan Z, Sun Q, et al. Second human pegivirus in hepatitis C 
virus-infected and hepatitis C virus/HIV-1-co-infected persons who 
inject drugs, China. Emerg Infect Dis. 2018;24:908‐911.

	29.	 Survey MDH.HIV Prevalence in Cameroon: Findings from the 2011 
DHS-MICS. 2012.

	30.	 Njouom R, Pasquier C, Ayouba A, et al. High rate of hepatitis C virus 
infection and predominance of genotype 4 among elderly inhab-
itants of a remote village of the rain forest of South Cameroon. J 
Med Virol. 2003;71:219‐225.

	31.	 Nkengasong JN, De Beenhouwer H, Claeys H, et al. A pilot study of 
the prevalence of hepatitis C virus antibodies and hepatitis C virus 
RNA in southern Cameroon. Am J Trop Med Hyg. 1995;52:98‐100.

	32.	 Beaudiment RL, Leproux P. Incidence de la lomidinisation sur la 
re′gression de la trypanosomiase au Cameroun franc¸ais. Med Trop. 
1953;13:949‐954.

	33.	 Drucker E, Alcabes PG, Marx PA. The injection century: massive un-
sterile injections and the emergence of human pathogens. Lancet. 
2001;358:1989‐1992.

	34.	 Jamot E. La maladie du sommeil au Cameroun en janvier. Bull Soc 
Pathol Exot. 1929;22:473‐496.

	35.	 Gall D. The chemoprophylaxis of sleeping sickness with the diami-
dines. Ann Trop Med Parasitol. 1954;48:242‐258.

	36.	 Gisselquist D. Emergence of the HIV type 1 epidemic in the twen-
tieth century: comparing hypotheses to evidence. AIDS Res Hum 
Retroviruses. 2003;19:1071‐1078.

SUPPORTING INFORMATION

Additional supporting information may be found online in the 
Supporting Information section at the end of the article. 

How to cite this article: Rodgers MA, Holzmayer V, Vallari A, 
et al. Hepatitis C virus surveillance and identification of 
human pegivirus 2 in a large Cameroonian cohort. J Viral 
Hepat. 2019;26:30–37. https://doi.org/10.1111/jvh.12996

https://doi.org/10.1111/jvh.12996

