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Abstract: Access to hepatitis C (HCV) testing and treatment is still limited globally. To address this,
the Government of Rwanda launched a voluntary mass screening and treatment campaign in 2017.
We studied the progression of patients through the cascade of HCV care during this campaign. We
conducted a retrospective cohort study and included all patients screened at 46 hospitals between
April 2017 and October 2019. We used hierarchical logistic regression to assess factors associated
with HCV positivity, gaps in care, and treatment failure. A total of 860,801 people attended the mass
screening during the study period. Some 5.7% tested positive for anti-HCV, and 2.9% were confirmed
positive. Of those who were confirmed positive, 52% initiated treatment, and 72% of those initiated
treatment, completed treatment and returned for assessment 12 weeks afterward. The cure rate was
88%. HCV positivity was associated with age, socio-economic status, sex, marital status, and HIV
coinfection. Treatment failure was associated with cirrhosis, baseline viral load, and a family history
of HCV. Our results suggest that future HCV screening and testing interventions in Rwanda and
other similar settings should target high-risk groups. High dropout rates suggest that more effort
should be put into patient follow-up to increase adherence to care.

Keywords: hepatitis C; DAAs; direct-acting antivirals; cascade of care; mass screening and treatment;
sustained virologic response; dropout; access to care; treatment initiation

1. Background

Hepatitis C virus (HCV) is associated with substantial morbidity and mortality world-
wide, which is mainly attributable to the sequelae of infection, including liver cirrhosis,
liver failure, and hepatocellular carcinoma (HCC) [1–4]. In 2019, 58 million people globally
were living with chronic HCV, and approximately 290,000 people died from the virus [5].
Between 55% and 85% of acute infections progress to chronic HCV if not treated early [6].
Notably, while deaths from AIDS, malaria, and tuberculosis have declined [7], HCV-related
mortality remains high, based on 2021 World Health Organization (WHO) estimates [5].
HCV is also associated with a high economic burden, both with high drug costs and the
costs associated with disease progression [4,7–10]. Liver cirrhosis was among the top ten
causes of death in low-income countries in 2019 [7].

The advent of a short course, well tolerated, and highly effective HCV treatment
has revolutionized the management of the disease. However, while timely diagnosis and
delivery of antiviral therapy can cure and prevent progression to later stages of disease,
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access to HCV diagnosis and treatment has been limited [9,11–13]. In 2019, only 21% of
people living with HCV infection globally knew their status [6], and approximately 62%
among those diagnosed had access to treatment. Access to HCV diagnosis and treatment is
particularly challenging in sub-Saharan Africa (SSA) [14], despite the region accounting for
20% of global infections [15].

One reason why newer treatments for HCV have had limited use in SSA countries
is their high cost and the costs associated with viral testing. However, in recent years,
manufacturers have shown a willingness to lower these prices in resource-limited set-
tings [16]. For example, in 2017, the government of Rwanda negotiated a price reduction
for direct-acting antivirals (DAAs) that reduced treatment costs in the country from USD
1200 in 2015 to USD 60 in 2018 [17–19].

In 2016, the World Health Assembly set an ambitious goal of eliminating HCV by
2030. In 2017, the World Health Organization published five strategies to guide countries
willing to eliminate HCV as a public health concern. These strategies include continuous
collection and analysis of HCV-related data to inform policymakers, increasing screening
and treatment coverage, sustainable and scalable financing, and developing new affordable
diagnostics, vaccines, and treatments. In line with this, the government of Rwanda initiated
a mass screening and treatment program across the country and launched a 5-year HCV
elimination plan [20,21]. While similar programs have been considered elsewhere, there is
a lack of evidence regarding the impact of such programs in terms of the progression of
patients through the care cascade and outcomes, particularly in SSA. The HCV cascade of
care is an approach used to evaluate patient retention throughout the different stages of
care that are needed to achieve HCV treatment success [22].

Evidence related to the HCV cascade remains limited to high-income countries where
medicine accessibility, laboratory equipment, and HCV awareness are high. A recent global
systematic review that evaluated estimates on the cascade of care for HCV included mostly
high-income countries, and no country in SSA had estimates of their HCV cascade [23].
Furthermore, while the number of studies reporting HCV epidemiology has been increasing,
there remains limited evidence on the total number of people who initiate treatment and
their treatment outcomes in SSA [3,24]. SSA is among the regions with the highest burden
of HCV and other co-infections, such as HIV; therefore, it is crucial to review the HCV
cascade in these settings.

Prior studies have estimated the HCV population prevalence in Rwanda to be between
4% and 8% [19,23]. One study that assessed the cascade of care in two rural districts of
Rwanda found that 83.4% of patients tested for HCV had detectable viral loads. Almost
everyone considered for treatment initiated treatment, while 93.7% of patients achieved
SVR12 [25]. Although this study provided information on patients’ journeys in HCV care,
the findings cannot be generalized, since the study was conducted in only two of the
poorest districts of Rwanda and used a small sample size. Additionally, over 40% of the
patients who initiated treatment did not have SVR12 test results. Therefore, although DAA
treatments are highly effective in curing HCV, treatment success represents only a small
proportion of the study population. Lastly, the study did not assess factors contributing
to outcomes and dropouts at each stage of care. Therefore, we studied the progression of
patients through the cascade of HCV care in Rwanda’s general population using data from
all public hospitals providing HCV care. We also assessed factors contributing to outcomes
at each stage of the care cascade and dropouts.

2. Materials and Methods
2.1. Study Context

Over the past 20 years, Rwanda has shown progress in improving access to healthcare
services across the health sector [26]. However, this same progress has not been seen
in HCV care: in 2015, less than 1% of the estimated 55,000 HCV patients received drug
treatment [14]. Before 2015, patients who obtained drug treatment could only do so through
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four hospitals that had hepatitis C specialists, and it was delivered to only a small group of
comparatively wealthier patients [27].

To take advantage of the negotiated price reduction, the Rwanda Ministry of Health
(MoH) launched the first voluntary mass screening and treatment campaign for HCV. The
program first targeted people living with HIV and was subsequently expanded to the
prison population and then to the general population. The general population screening
was performed in age cohorts, starting with those who were 45 years and above and then
everyone who was 15 years and older at the time of the campaign. Testing and treatment
were available at one or more public health facilities (health centers or hospitals) in each of
Rwanda’s 30 districts.

2.2. Study Design

We conducted a retrospective cohort study using secondary data to describe the HCV
treatment cascade of care and assessed factors associated with outcomes and dropouts at
different stages of care.

2.3. Study Sites and Population

We studied all patients screened at 46 of 47 public hospitals that provided HCV
testing and treatment between April 2017 and October 2019. The excluded hospital is a
neuropsychiatric hospital that did not provide HCV services. We also excluded patients
who had indeterminate screening tests, refugees, those who died during follow-up, and
those who received care from private health facilities. Eighty-five percent of Rwanda’s
population seeks care at public health facilities [28], and during the mass screening, patients
were only referred to public hospitals.

2.4. Data Sources

We used an electronic database compiled throughout the screening activities by the
Rwanda Biomedical Centre (RBC). This database contained patients’ sociodemographic
characteristics and other risk factors collected at the screening stage. This database has
previously been used in analyses of HCV, HIV, and HBV in Rwanda [24,28,29]. We linked
this database to additional information on treatment initiation and treatment outcomes
extracted from patient charts. Each HCV patient had a record at the hospital that contained
demographic characteristics, clinical variables (e.g., treatment and testing results, medical
history, and behavior characteristics), and hospital visit dates. We used a unique identifica-
tion number and demographic characteristics to link data extracted from patients to the
electronic database. Data extraction was conducted by two trained nurses in each hospital
who were overseen by an HCV nurse mentor.

2.5. Cascade of Care

The cascade of care for patients in Rwanda consisted of three major stages:

2.5.1. Screening

Anti-HCV screening took place in public venues, including stadiums and playgrounds,
or near other public places, such as markets, and was free of charge. Each district had at
least one screening center. Trained nurses collected demographic information and blood
samples from attendees at the screening venues [29,30]. The venous blood (5 mL collected
in an ethylenediamine tetraacetic acid tube) samples and laboratory request forms were
transported to the nearest of 13 facilities that provided enzyme-linked immune sorbent
assay (ELISA) services. Murex-ELISA (version 4.0; DiaSorin S.p.A., Italy) was used across
all testing sites. The samples were stored at room temperature (20–25 ◦C) for less than
12 h without refrigeration and then transported to laboratory facilities for ELISA testing.
The sample transportation used a prespecified route to ensure efficient distribution across
testing sites. At the testing sites, samples were tested for the presence of HCV antibody
(anti-HCV), hepatitis B (HBsAg), and HIV. Starting in April 2019, capillary blood was
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drawn to test HCV antibodies using SD Bioline™ rapid diagnostic tests (RDTs) at the
screening venues. Finger pricks were conducted for the present patients and immediately
tested at the screening sites. These tests had near 100% sensitivity and a specificity of
99.4% [31]. Although RDTs were pre-approved by WHO for HCV screening, the Rwandan
Ministry of Health, through the national referral laboratory, also conducted an internal
validation to evaluate their performance before official use in Rwanda. The findings
showed 97% sensitivity and 99% specificity (unpublished internal report). Patients who
had a positive antibody test were provided with information on RNA viral load testing and
were referred to a specialist for HCV RNA testing at their nearest hospital, where a blood
sample for HCV RNA testing was obtained. From 2019, after a decentralization and task
shifting intervention, patients were treated at the nearest health center by trained nurses
and doctors. Those who screened as anti-HCV positive had to pay the fees associated
with HCV RNA testing and additional assessment tests using health insurance or pay
out-of-pocket. The cost of screening in Rwanda is approximately USD 1, while HCV RNA
costs USD 9, which is equivalent to 10,000 Rwandan francs.

2.5.2. HCV RNA Testing

Following referral and sample collection, trained laboratory technicians conducted
HCV RNA testing at 9 HCV viral load testing sites [21]. Some blood samples were collected
at hospitals that did not provide viral load testing, so they were transferred on the same day
to testing sites. Each sample had patient and hospital identification information. The hospi-
tal at which the sample was taken called patients to inform them of their results. Patients
who were confirmed to be positive received counseling and were provided information on
the treatment process by an HCV specialist and referred for treatment. Figure 1 provides
more details on the screening and testing process.
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Figure 1. Mass screening and testing process.

2.5.3. Treatment

All patients who had a positive HCV RNA test (detectable 15–20 copies/mL) re-
ceived treatment free of out-of-pocket charges [29,30]. During the study period, the HCV
treatment available in Rwanda included ledipasvir/sofosbuvir (Harvoni®) and sofosbu-
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vir/daclatasvir (DCV). DAAs are known to have a higher cure rate (90%) and fewer side
effects than other therapeutic options [23]. After treatment completion, all patients were
asked to return to the hospital for viral load testing. All patients whose HCV results
were undetectable (below 15–20 copies/mL) within 12 weeks after the date of treatment
completion were considered cured.

2.6. Outcome Variables

Table 1 lists the outcomes that we used to describe the cascade of care for patients
with HCV. Along with the number and proportion of patients who completed each stage of
care, we also estimated the proportion of patients who dropped out at two stages of the
cascade: (1) patients with no confirmed diagnosis and (2) patients who did not return for
their final check-up 12–24 weeks following treatment completion. We defined treatment
failure as having an HCV viral load that was above 20 copies/mL between 12 and 24 weeks
post-treatment.

Table 1. Stages in the HCV cascade of care.

Outcome Numerator Denominator

Proportion of patients who were
anti-HCV positive

Number of patients with a positive HCV
antibody test Number of patients screened

HCV RNA viremia rate Number of patients who tested HCV
RNA positive

Number of patients who screened
positive for anti-HCV with HCV RNA

test conducted

Proportion of patients who dropped out
of care before HCV RNA viremia testing

Number of patients who screened
positive for anti-HCV and did not return

for an HCV RNA test

Number of patients who screened
positive for anti-HCV

Proportion of patients who
initiated treatment

Number of patients who initiated
treatment with available records in

hospital registers

Number of patients who were confirmed
HCV RNA positive

Proportion of patients who achieved SVR
(treatment success)

Number of patients whose HCV viral
load result was below 20 copies/mL

within 12–24 weeks post-treatment and
returned for SVR test

Number of patients who completed
treatment with available records and

returned for SVR assessment (excluding
those who died)

Proportion of patients who did not return
for SVR tests

Number of patients who initiated
treatment and did not come back for

SVR assessment

Number of patients who initiated
treatment with available records in the
registers (excluding those who died)

2.7. Other Variables

We included covariates identified in previous studies [14,22,32], including the fol-
lowing demographic and socio-economic factors: age, sex, Social Economic Status, health
insurance, and marital status. In Rwanda, households are classified into four different
Social Economic Status (SES) (known as ubudehe) categories based on their household
income and assets, with category 1 being the lowest wealth group and category 4 represent-
ing the highest wealth group [33]. This variable includes a category called unknown that
represents new families that have not yet been classified into any SES category.

We also collected clinical and behavioral features, including previous HCV treatment,
hepatitis B vaccination status, previous transfusion and surgical history, family history
of HCV, comorbidities (hepatitis B, HIV, diabetes, liver diseases, cancer, and renal failure
status), and traditional operation practices. For treatment outcomes, we included variables
related to the type of drugs a patient received, previous HCV treatment history, baseline
viral load, and cirrhosis status (stage of HCV). Lastly, we included hospital-level variables,
such as number of staff and hospital type (referral, teaching, provincial, or district).

2.8. Data Analysis

We started by generating descriptive statistics to estimate the proportion of patients at
each stage of care and treatment success, followed by bivariate analysis using chi-square
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tests and t-tests to assess the association between covariates and outcomes. Following
this, we used a hierarchical logistic regression model to assess factors associated with
HCV positivity, dropout at different stages of care, and treatment failure while controlling
clustering in the data. Continuous variables were centered or standardized for modeling
and interpretation purposes. Some covariates had missing values, and we included a
missing category for each variable with missing values to enable us to retain all observations
in the analysis [34].

Our model-building process included three steps. First, we estimated the interclass
correlation coefficient using an empty model. Second, we included all patient-level and
hospital-level variables that were significant in the bivariate analysis and those that were
important based on prior literature. Covariates were included in the model using a forward
stepwise selection process using the AIC and the likelihood ratio test. Finally, we tested
all interaction terms between variables for significance at α = 0.05 and retained those that
were significant. All analyses were conducted using STATA 16.0.

3. Results
3.1. Descriptive Characteristics

The characteristics of our cohort are shown in Table 2. Our cohort included 860,801 people
who were screened for HCV at 46 different public hospitals. The average age was 42 years
old (Standard Deviation (SD): 18), and overall, the participants ages ranged from 15 to
89 years old. Approximately half were in the third category of SES (47.7%), 68% were
female, and 63.6% were married or in a union. Approximately 18.8% did not have health
insurance. In terms of comorbidities, 2.9% were HIV positive, and 3.0% had hepatitis B
(HBsAg). In terms of previous medical history, 1.7% had previously been diagnosed with
liver disease, and 2.8% had a family history of HCV.

Table 2. Characteristics of patients screened and treated during the mass screening campaign for
hepatitis C virus in Rwanda (2017–2019).

Total Sample Anti-HCV Positive HCV RNA Testing

Variables Total
Sample Total (%)

Total
Number
Screened

Anti-HCV
Positive

Anti-HCV
Positive (%)

Total
Number

HCV RNA
Tested

HCV RNA
Positive (%)

Total
Dropouts

Dropout
(%)

Age
<44 426,186 59.4 9378 19.4 3324 13.3 686 15.1

44–54 112,264 15.6 6165 12.8 2977 11.9 265 5.8
55–64 100,439 14 9918 20.6 5498 22 340 7.5
64+ 78,493 10.9 22,848 47.3 13,203 52.8 3252 71.6
Sex

Female 555,389 68.4 32,159 66.5 16,442 65.7 3259 68.1
Male 256,701 31.6 16,580 33.5 8587 34.3 1528 31.9

SES categories
Category 1 104,681 12.2 8077 23.3 4971 19.9 1163 25.5
Category 2 260,537 30.3 12,211 35.2 6854 27.4 1510 33.1

Category 3 or 4
or unknown 495,583 57.6 14,456 41.6 8201 52.7 1888 41.3

Marital status
Single 109,552 15.1 1625 4.9 910 4.8 126 4.6

Married or in union 461,231 63.6 21,522 64.9 11,911 63.4 1707 62
Separated/divorced/

widowed 153,919 21.2 9927 30.2 5972 31.8 920 33.4

Health insurance
No insurance 161,853 18.8 7867 15.9 172 19.3 1045 21.8

Community insurance 657,067 76.3 40,076 81.1 19,517 78 3643 76.1
Private or other

government insurance
(RAMA/RSSB)

41,881 4.9 1437 3 694 2.8 99 2.1

Diabetes status
No 694,243 99 32,956 98 18,681 97.5 2835 98.9
Yes 7353 1 676 2 475 2.5 32 1.1
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Table 2. Cont.

Total Sample Anti-HCV Positive HCV RNA Testing

Variables Total
Sample Total (%)

Total
Number
Screened

Anti-HCV
Positive

Anti-HCV
Positive (%)

Total
Number

HCV RNA
Tested

HCV RNA
Positive (%)

Total
Dropouts

Dropout
(%)

HTA status
No 448,936 97.7 30,204 92.5 17,626 90.2 1845 92.4
Yes 10,653 2.3 2455 7.5 1915 9.8 152 7.6

Renal failure status
No 453,150 98.8 30,926 98.1 18,461 98.7 2078 97.9
Yes 5365 1.2 592 1.9 247 1.3 44 2.1

HIV status
Negative 680,082 97.1 31,789 94.6 17,719 92.8 2836 98.6
Positive 20,071 2.9 1806 5.4 1371 7.2 40 1.4

HBV result
Negative 829,644 97 42,548 97.7 20,278 98.7 4323 97.6
Positive 25,652 3 984 2.3 267 1.3 105 2.4

Family History of viral
hepatitis C

No 837,090 97.2 32,317 95.4 17,962 96 4709 98.4
Yes 23,711 2.8 1543 4.6 1006 4 78 1.6

Ever been traditionally
operated on

No 597,913 85.1 26,955 79.3 15,598 80.4 2312 81.7
Yes 104,688 14.9 7020 20.7 3801 19.6 517 18.3

Ever been transfused
No 683,769 97.3 32,931 96.9 18,770 96.8 2759 97.5
Yes 18,729 2.7 1047 3.1 617 3.2 70 2.5

Ever been medically
operated on

No 665,094 94.7 32,108 94.3 18,430 94.7 2674 94.6
Yes 37,518 5.3 1945 5.7 1022 5.3 152 5.4

Ever been diagnosed
with liver disease

No 399,965 98.3 18,211 97.58 15,000 97.9 895 98.2
Yes 6947 1.7 452 2.42 310 2.1 16 1.8

HBV vaccination
Partially or

fully vaccinated 53,723 6.24 5245 31.3 4519 32.8 66 1.4

Not vaccinated 807,078 93.76 43,435 68.7 20,512 67.2 4721 98.6

3.2. Cascade of Care

The overall progression through each stage of the cascade of care is shown in Figure 2.
Below, we will discuss the results from each individual step in the cascade:
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3.3. Anti-HCV Seroprevalence

As shown in Figure 2, a total of 48,680 people, or 5.7%, had a positive anti-HCV
test. The odds of being anti-HCV positive increased with age. Other factors associated
with being positive included being HIV positive (OR: 1.91, 95% CI: 1.80 to 2.03), having a
family history of viral hepatitis (OR: 1.1, 95% CI: 1.04 to 1.18), and having had a traditional
operation (OR: 1.31, 95% CI: 1.27 to 1.36). Factors associated with lower positivity rates
included being HBV positive (OR: 0.72, 95% CI: 0.67 to 0.77) and being vaccinated for HBV
(OR: 0.53, 95% CI: 0.51 to 0.55). More details are provided in Table 3.

Table 3. Unadjusted and adjusted associations between anti-HCV seroprevalence and socio-economic,
demographic, clinical, and behavior factors.

Unadjusted Model Adjusted Model †

Variables N OR 95% CI OR 95% CI

Age

<44 426,186 1 1.00, 1.00 1 1.00, 1.00

44–54 112,264 2.53 2.44, 2.61 2.41 2.33, 2.50

55–64 100,439 4.66 4.52, 4.80 4.45 4.31, 4.60

64+ 78,493 18.1 17.64, 18.61 15.1 14.67, 15.59

Missing 143,419 0.064 0.06, 0.07 0.0093 0.01, 0.01

SES

Category 1 104,681 1 1.00, 1.00 1 1.00, 1.00

Category 2 260,537 0.66 0.64, 0.68 0.84 0.81, 0.87

Category 3 or 4 or unknown 336,580 0.59 0.58, 0.61

Missing 159,003 1.45 1.40, 1.50

Marital status

Single 109,552 1 1.00, 1.00 1 1.00, 1.00

Married or in union 461,231 2.9 2.75, 3.06 1.47 1.39, 1.55

Separated/divorced/widowed 153,919 3.59 3.39, 3.79 1.25 1.18, 1.33

Missing 136,099 6.69 6.33, 7.07 6.5 5.95, 7.11

HIV

No 680,082 1 1.00, 1.00 1 1.00, 1.00

Yes 20,071 2.2 2.09, 2.32 1.91 1.80, 2.03

Missing 160,648 1.55 1.51, 1.59 0.91 0.76, 1.08

Family history of
viral hepatitis

No 677,376 1 1.00, 1.00 1 1.00, 1.00

Yes 23,711 1.27 1.21, 1.35 1.1 1.04, 1.18

Missing 159,714 1.48 1.44, 1.52 1.51 1.20, 1.90

Ever been traditionally
operated on

No 597,913 1 1.00, 1.00 1 1.00, 1.00

Yes 104,688 1.52 1.48, 1.56 1.31 1.27, 1.36

Missing 158,200 1.55 1.51, 1.59 0.23 0.17, 0.32
† Controlled for sex, diabetes status, transfusion and surgical history, hepatitis B status, and HBV vaccination status.
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3.4. HCV RNA Testing

Of those who screened positive, 43,893 (90%) completed an HCV RNA test. Of these
individuals, 25,031 (57%) tested positive. This suggests a chronic HCV infection prevalence
of 2.9% among individuals who were screened during our study period and 3.2% among
those who were HCV RNA tested. The socio-economic and demographic characteristics
associated with a positive HCV RNA test included age, SES, marital status, and sex. HIV
positivity (OR: 2.51, 95% CI: 2.20 to 2.87) and having hypertension (OR: 2.05, 95% CI: 1.80 to
2.34) were associated with a positive HCV RNA test. Factors associated with lower rates of
HCV positivity included being HBV positive, having ever been medically operated upon,
and not being vaccinated for HBV (Table 4).

Table 4. Unadjusted and adjusted associations between HCV RNA positivity and socio-economic,
demographic, clinical, behavioral, and hospital characteristics factors.

Unadjusted Model Adjusted Model †

Variables N OR 95% CI OR 95% CI

Age

<44 8803 1 1.00, 1.00 1 1.00, 1.00

44–54 5991 1.5 1.36, 1.58 1.65 1.51, 1.80

55–64 9744 1.8 1.69, 1.93 1.89 1.75, 2.04

>64 19,164 2.7 2.51, 2.82 2.88 2.67, 3.10

Missing 191 0.2 0.11, 0.25 0.33 0.20, 0.53

Social Economic Status

Category 1 7061 1 1.00, 1.00 1 1.00, 1.00

Category 2 10,957 0.7 0.67, 0.77 0.8 0.74, 0.87

Category 3 or 4 or unknown 12,839 0.7 0.66, 0.76 0.78 0.72, 0.85

Missing 13,036 0.3 0.32, 0.36 0.3 0.27, 0.33

Sex

Female 28,834 1 1.00, 1.00 1 1.00, 1.00

Male 15,059 1.1 1.04, 1.13 1.34 1.27, 1.42

Marital status

Single 1528 1 1.00, 1.00 1 1.00, 1.00

Married or in union 20,191 1.3 1.12, 1.41 0.85 0.75, 0.97

Separated/divorced/widowed 9292 1.5 1.30, 1.66 0.84 0.73, 0.97

Missing 12,882 0.7 0.59, 0.75 1.24 1.04, 1.49

Hepatitis B Ag results

Negative 38,922 1 1.00, 1.00 1 1.00, 1.00

Positive 880 0.5 0.39, 0.55 0.53 0.44, 0.65

Missing 4091 15 13.29, 16.60 109.4 95.49, 125.34

HIV

No 29,622 1 1.00, 1.00 1 1.00, 1.00

Yes 1789 2 1.80, 2.31 2.51 2.20, 2.87

Missing 12,482 0.4 0.42, 0.46 0.49 0.41, 0.58
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Table 4. Cont.

Unadjusted Model Adjusted Model †

Variables N OR 95% CI OR 95% CI

Hypertension

No 29,048 1 1.00, 1.00 1 1.00, 1.00

Yes 2323 2.3 1.99, 2.54 2.05 1.80, 2.34

Missing 12,522 0.4 0.33, 0.37 0.12 0.11, 0.14

Ever been traditionally operated on

No 25,212 1 1.00, 1.00 1 1.00, 1.00

Yes 6623 1 0.90, 1.02 0.9 0.84, 0.97

Missing 12,058 0.4 0.41, 0.46 0.66 0.45, 0.97

Ever been medically operated on 43,893

No 30,066 1 1.00, 1.00 1 1.00, 1.00

Yes 1853 0.7 0.60, 0.74 0.66 0.58, 0.74

Missing 12,755 0.4 0.41, 0.45 1.67 0.98, 2.83

HBV vaccination status

Partially or fully vaccinated 5635 1 1.00, 1.00 1 1.00, 1.00

Not vaccinated 38,258 0.3 0.29, 0.34 0.49 0.45, 0.53
† Controlled for transfusion history, family history of viral hepatitis, and diabetes status.

3.5. Dropout at HCV RNA Testing

Of the 48,680 individuals who screened anti-HCV positive, 10% (4787) did not return
for HCV RNA testing (Figure 2). Table 2 shows the descriptive characteristics of those who
were lost to follow-up at this stage. Our model found that patients who were 44–54 years
old (OR: 0.58, 95% CI: 0.46 to 0.74) and 55–64 years old (OR: 0.4, 95% CI: 0.35 to 0.47)
were less likely to drop out compared to those who were younger than 44 years old, while
those who were above 64 years old had four-fold higher odds (OR: 4.54, 95% CI: 4.03 to
5.12). Other factors associated with lower dropout rates included being male, being HIV
positive, being diabetic, having a family history of viral hepatitis, and being in a higher
SES category. Factors related to higher dropout rates included being married or in a union,
having community insurance, and not being vaccinated for HBV (Table 5).

Table 5. Unadjusted and adjusted associations between dropout at HCV RNA testing stage and
socio-economic, demographic, clinical, behavioral, and hospital characteristics factors.

Unadjusted Model Adjusted Model †

Variables N OR 95% CI OR 95% CI

Age

<44 8987 1 1.00, 1.00 1 1.00, 1.00

44–54 6250 0.6 0.51, 0.69 0.5 0.42, 0.59

55–64 10,081 0.48 0.42, 0.55 0.4 0.35, 0.47

>64 22,927 2.53 2.31, 2.77 4.54 4.03, 5.12

Missing 435 14.23 10.78, 18.78 491 328.16, 734.68

Social Economic Status

Category 1 8224 1 1.00, 1.00 1 1.00, 1.00
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Table 5. Cont.

Unadjusted Model Adjusted Model †

Variables N OR 95% CI OR 95% CI

Category 2 12,462 0.66 0.60, 0.72 0.77 0.70, 0.86

Category 3 or 4 or unknown 14,747 0.7 0.64, 0.76 0.95 0.86, 1.05

Missing 13,247 0.066 0.06, 0.08 0.011 0.01, 0.01

Sex

Female 32,100 1 1.00, 1.00 1 1.00, 1.00

Male 16,580 0.86 0.81, 0.92 0.87 0.80, 0.95

Health insurance

No insurance 7867 1 1 1.00, 1.00

Community insurance 39,312 0.71 0.65, 0.76 1.7 1.40, 2.06

Private or other government
insurance (RAMA/RSSB) 1501 0.41 0.32, 0.51 1.13 0.82, 1.56

HIV

No 32,449 1 1.00, 1.00 1 1.00, 1.00

Yes 1829 0.27 0.19, 0.37 0.37 0.25, 0.54

Missing 14,402 1.34 1.25, 1.43 0.18 0.10, 0.31

Diabetes

No 33,611 1 1.00, 1.00 1 1.00, 1.00

Yes 693 0.68 0.47, 0.99 0.57 0.43, 0.76

Missing 14,376 1.43 1.34, 1.54 1.6 1.07, 2.40

Family history of viral hepatitis C

No 32,958 1 1.00, 1.00 1 1.00, 1.00

Yes 1583 0.57 0.45, 0.72 0.63 0.41, 0.98

Missing 14,139 1.44 1.35, 1.54 0.28 0.16, 0.50

HBV vaccination status

Partially or fully vaccinated 5701 1 1.00, 1.00 1 1.00, 1.00

Not vaccinated for hepatitis B 42,979 6.62 5.15, 8.51 8.77 6.66, 11.54
† Controlled for marital status, hepatitis B status, hypertension status, and total number of hospital staff.

3.6. Treatment Success (Achieving SVR)

Of the 25,031 people who were HCV RNA positive, 12,940 (52%) initiated treatment,
as recorded in hospital registers. Of these, 9332 (72%) completed treatment and returned for
SVR assessment. Our data suggested that 0.4% died in hospital before treatment completion,
and 27.6% initiated treatment but did not return for their final assessment. The majority
(80.4%) of people who died were above 64 years old. Of those who completed treatment
and returned for SVR assessment, 8232 (88%) were cured (Figure 2). Of those who failed
treatment, approximately half were above 64 years old, and 59% were female (Table S1 in
the Supplementary Materials). As shown in Table 6, treatment failure was associated with
increased baseline viral load (OR: 1.14, 95% CI: 1.02 to 1.28), having cirrhosis (OR: 1.71,
95% CI: 1.20 to 2.43), having had previous treatment for HCV (OR: 1.9, 95% CI: 1.34 to 2.70),
and having a family history of HCV (OR: 1.57, 95% CI: 1.10 to 2.25).
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Table 6. Adjusted and unadjusted relationships between treatment failure, dropout at SVR assessment
stage, and socio-economic, demographic, clinical, behavioral, and hospital characteristics factors.

Treatment Failure Dropout at SVR Assessment Stage

N Unadjusted model Adjusted model † Unadjusted model Adjusted model †

OR 95% CI OR 95% CI N OR 95% CI OR 95% CI

Baseline viral load 9332 1.12 1.04, 1.39 1.14 1.02, 1.28 - - - - -

Age

<44 1227 1 1.00, 1.00 1 1.00, 1.00 1591 1 1.00, 1.00 1 1.00, 1.00

44–54 1262 1.02 0.79, 1.32 1.34 0.93, 1.91 1571 1.02 0.83, 1.26 1.1 0.88, 1.39

55–64 2343 0.94 0.75, 1.18 1.18 0.86, 1.63 2968 0.96 0.80, 1.15 1.11 0.91, 1.35

64+ 4500 0.94 0.76, 1.15 1.12 0.82, 1.53 6754 1.9 1.63, 2.23 1.42 1.17, 1.72

Sex

Female 5654 1 1.00, 1.00 1 1.00, 1.00 7939 1 1.00, 1.00 1 1.00, 1.00

Male 3678 1.01 0.87, 1.16 1.1 0.90, 1.33 4945 0.81 0.73, 0.90 0.76 0.67, 0.85

SES

Category 1 1835 1 1.00, 1.00 1 1.00, 1.00 2573 1 1.00, 1.00 1 1.00, 1.00

Category 2 2541 0.97 0.79, 1.18 0.98 0.76, 1.25 3296 0.89 0.77, 1.03 0.96 0.82, 1.14

Category 3 or 4
or unknown 3224 1.15 0.95, 1.40 1.13 0.88, 1.45 5174 0.64 0.56, 0.73 0.73 0.62, 0.84

Missing 1732 1.41 1.12, 1.78 0.61 0.43, 0.86 1841 3.58 3.01, 4.26 2.53 2.08, 3.08

HIV positive

No 7795 1 1.00, 1.00 1 1.00, 1.00 11,075 1 1.00, 1.00 1 1.00, 1.00

Yes 922 0.8 0.62, 1.03 1.09 0.81, 1.46 1125 0.31 0.25, 0.38 0.3 0.24, 0.38

Missing 615 5.92 4.73, 7.40 0.77 0.20, 3.01 684 0.076 0.05, 0.13 0.059 0.03, 0.11

HBV Ag positive

No 8873 1 1.00, 1.00 1 1.00, 1.00 12,291 1 1.00, 1.00 1 1.00, 1.00

Yes 140 1.27 0.79, 2.05 1.11 0.57, 2.18 274 0.86 0.57, 1.31 0.6 0.37, 0.99

Missing 319 2.8 2.00, 3.92 1.48 0.84, 2.63 319 0.73 0.54, 0.99 0.79 0.50, 1.22

Cirrhotic

No 8898 1 1.00, 1.00 1 1.00, 1.00 12,440 1 1.00, 1.00 1 1.00, 1.00

Yes 434 1.12 0.81, 1.54 1.71 1.20, 2.43 444 0.066 0.03, 0.13 0.059 0.03, 0.12

Family history of viral
hepatitis C

No 8220 1 1.00, 1.00 1 1.00, 1.00 11,376 1 1.00, 1.00 1 1.00, 1.00

Yes 437 1.57 1.17, 2.12 1.57 1.10, 2.25 721 0.42 0.30, 0.57 0.14 0.08, 0.24

Missing 675 5.96 4.79, 7.42 3.62 1.07,
12.31 787 0.66 0.53, 0.81 0.18 0.08, 0.39

Ever been medically
operated on

No 8351 1 1.00, 1.00 - - 1 1.00, 1.00 1 1.00, 1.00

Yes 306 1.34 0.90, 1.97 - - 0.57 0.47, 0.68 0.39 0.27, 0.56

Missing 675 5.8 4.71, 7.29 - - 1.21 0.56, 1.40 1.44 0.89, 2.32

HBV vaccination status

Not vaccinated 6985 - - - 1 1.00, 1.00 1 1.00, 1.00

Partially or fully
vaccinated 2347 - - - - 0.11 0.09, 0.13 0.14 0.11, 0.16

† Controlled for marital status, health insurance, hypertension, diabetes, and total number of staff.

3.7. Dropout at Final SVR Test

Of the 3552 individuals who did not complete an SVR assessment, most were above
64 years old (N = 2273, 64%) and female, and the majority did not have comorbidities
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or a prior history of HCV. More details on descriptive statistics can be found in Table S1
in the Supplementary Materials. In our final model (Table 6), patients who were more
than 64 years old (OR: 1.42, 95% CI: 1.17 to 1.72) were less likely to complete their SVR
assessment. In contrast, males and patients with comorbidities, including HIV, HBV, and
cirrhosis, were more likely to attend their final checkups. Finally, patients with a family
history of viral hepatitis (OR: 0.14, 95% CI: 0.08 to 0.24), those who had ever been medically
operated on (OR: 0.39, 95% CI: 0.27 to 0.56), and those who were fully or partially vaccinated
(OR: 0.14, 95% CI: 0.11 to 0.16) were more likely to undergo their SVR test.

4. Discussion

HCV remains a significant source of morbidity and mortality in low-and middle-
income countries (LMICs). The advent of lower prices for both DAA therapy and HCV
testing has increased the opportunities for the treatment of a broader proportion of the
population. Our study of the first 2 years of voluntary mass screening for HCV in Rwanda
found that a notable proportion of the population was tested, and 2.9% of the total screened
population was confirmed chronic HCV-positive. People who attended the screening
campaign were, on average, older than the general population [35] but had HIV and HBV
prevalences that were comparable to the prior general population estimates [36]. Of the
nearly 13,000 individuals for whom we had records, HCV was cured 88% of the time.
However, we also found a significant number of dropouts at each stage of the HCV care
cascade, which merits attention in the design of future interventions.

4.1. Anti-HCV Screening and HCV RNA Testing

The observed HCV prevalence and viremia rate is consistent with the existing liter-
ature [30,36,37]. The likelihood of HCV positivity increased with age and was inversely
related to SES. As previously reported in other studies [23,38], HCV increases with age,
mainly due to a history of unsafe medical procedures and unsterile injection practices
in SSA [14,31,39,40]. Our findings are consistent with prior studies in Rwanda [29,38],
Tanzania [41], and Egypt [42,43] that showed an association between HCV diagnosis and
being economically disadvantaged due to low access to preventive and treatment services.
As reported in other studies, we also found that chronic HCV is more common in men than
in women [44].

HIV positivity and hypertension were associated with the presence of HCV. In our
study, 7.2% of HIV patients had a positive HCV RNA test. A recent global meta-analysis
reported that the odds of HCV were six-fold higher among HIV-positive patients compared
to those who were HIV negative [45]. As both infections have common routes of transmis-
sion, including needle sharing and contaminated blood products, the high coinfection rate
is not surprising [46]. In contrast, consistent with prior studies conducted in Rwanda and
Morocco [39,47], those with HBV coinfection were less likely to be confirmed HCV positive.

4.2. Treatment Initiation and Success

In our study, only half of all diagnosed patients initiated treatment through a public
hospital. HCV treatment initiation is still a significant challenge in SSA due to the limited
availability of drugs [16]. In Rwanda, healthcare providers have previously reported
being out of stock of HCV medicines and testing commodities, which might have led to
the low initiation rate observed [48]. Similarly, a study conducted in Tanzania among
people who injected drugs reported that none of the HCV-diagnosed individuals had
initiated treatment [41].

Our observed treatment success rate was similar to a prior study on the efficacy of
ledipasvir/sofosbuvir, which found that 87% of patients in Rwanda achieved SVR12 [49].
Patients in both studies were treated with the first generation of DAAs. In two single-arm
studies that evaluated the efficacy of the new generation of DAAs (sofosbuvir/velpatasvir
and sofosbuvir/velpatasvir/voxilaprevir), treatment success was above 90% [50]. The
difference in treatment success is mainly due to the use of the newer DAAs, which are
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known to have higher treatment success rates [50,51]. Currently, patients with advanced
stages of HCV or previously failed treatment are recommended to use the new generation
of DAAs [50,51]. However, the availability of these medicines is still limited in many
LMICs [16], which might explain the higher rate of failure in this group. In addition, it is
essential to note that although patients are given medication instructions on timing and
daily intake, adherence to these instructions and medications is still unknown. Treatment
failure can also be associated with non-adherence to treatment.

4.3. HCV RNA and SVR Testing Dropout

Similar to previous studies [24,52–54], our study showed significant dropout at the
HCV RNA testing and SVR stages. The older group was less likely to undergo HCV
RNA and SVR testing, while those in the higher SES categories were more likely to attend.
Similarly, Naveed et al. [55], in their study describing the cascade of care for British
Columbia, Canada, showed that the older generation had higher rates of dropout, while
those with comorbidities, such as HIV and cirrhosis, were more likely to be in care.

Comorbidities (HIV, HBV, diabetes, hypertension, and cirrhosis) and a family history
of viral hepatitis also contributed to patients being more likely to complete HCV RNA and
SVR testing. Unlike patients with a single disease, patients with multimorbidity are more
likely to seek care [56], likely in part because they are aware of early treatment benefits, are
familiar with the health system, and already have established relationships with healthcare
providers. Additionally, they are aware that they are at an increased risk of death [57] if not
treated. Lastly, it should be noted that patients received a complete regimen at once and
that patients without a prior medical history are less likely to return for care [58].

We also found that those with community insurance were more likely to drop out. It
is important to note that although HCV medicines were free during the mass campaign,
patients had to pay the costs associated with assessment tests. The HCV RNA test costs
USD 9, which is equivalent to approximately 10,000 Rwandan francs [49]. Patients who
have insurance pay 10–15% of the total cost. However, the country still has approximately
40% of the population living under the poverty line [59], and this cost may be too high
in many cases. Additionally, unlike other primary care services provided at the closest
health centers, when the HCV mass campaign started, patients who screened positive were
referred to hospitals for HCV RNA testing and had to return for a final viral load checkup
after treatment completion. The burden associated with travel cost and distance might
also have contributed to these gaps in service delivery. There was also low awareness
and knowledge of HCV in the general population [60], which could be addressed through
continued public education regarding HCV. Recently, the government has decentralized all
HCV services to the low level of health facility (health centers) [21], which is expected to
improve public awareness and testing and treatment uptake. The HCV program has been
integrated into the existing healthcare system. Further analysis assessing the impact of this
change on the cascade of care and dropout estimates would be helpful.

4.4. Limitations

Our study has some limitations that are worth noting. First, it is important to note
that the mass screening and treatment campaign was voluntary in nature. Therefore, the
characteristics of the people who participated may differ from those who did not. While this
might limit the generalizability of some findings, particularly the population rate of HCV
infection, it would not impact the outcomes of the cascade of care among participants at the
later stages. Second, our data were limited to what was available in patient records, which
means that some important factors, such as distance to a health facility, use of injectable
drugs, and sexual behaviors, could not be included. The patients’ records also only included
deaths that took place in the hospital. Thus, patients who died in the community might
have been incorrectly misclassified as lost to follow-up. We believe the bias associated
with this misclassification would likely be small because of the relatively short follow-up
time involved. In addition, the treatment initiation rate could only be calculated for those
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who had records in hospital registers. However, given the high cost of HCV treatment and
the availability of free, publicly financed medicines in Rwanda, we are confident that the
number we missed would be small. Finally, we had missing data for many of our variables
of interest. However, we used a missing indicator approach [34] in our analysis for each
variable to utilize most of the sample in the analysis. In addition, both our reported missing
indicator and complete case analyses resulted in similar findings.

5. Conclusions

We found that the mass screening campaign reached many people, especially those
with a prior history of viral hepatitis and other comorbidities. Our findings suggest that
future HCV screening and testing interventions in Rwanda and other countries should focus
on the older population, those with lower SES levels, and individuals with comorbidities.
We also observed that the success rate was lower than that of patients treated with the new
generation of DAAs, and we recommend further negotiation for the availability of newer
combination DAAs, especially for cirrhotic patients and those who previously failed HCV
treatment. Finally, efforts should be made to increase adherence to SVR assessment and the
completion of all stages of care.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/v15030661/s1, Table S1: Patients’ characteristics per treatment outcome.
Figure S1. Baseline viral load distribution plot.

Author Contributions: Conceptualization, M.P.N., J.D.M., N.Z.J., N.B., B.H.-G., E.R., J.S. and M.R.L.;
methodology, M.P.N. and M.R.L.; software, M.P.N.; validation, M.P.N., J.D.M. and M.R.L.; formal
analysis, M.P.N.; investigation, M.P.N., J.D.M., N.Z.J., N.B., B.H.-G., E.R., J.S. and M.R.L.; resources,
M.P.N. and M.R.L.; data curation, M.P.N. and J.D.M.; writing—original draft preparation, M.P.N.;
writing—review and editing, M.P.N., J.D.M., N.Z.J., N.B., B.H.-G., E.R., J.S. and M.R.L.; visualization,
M.P.N.; supervision, M.R.L.; project administration, M.P.N. and M.R.L.; funding acquisition, M.P.N.
and M.R.L. All authors have read and agreed to the published version of the manuscript.

Funding: This study was funded by a Foundation Scheme Grant from the Canadian Institutes
for Health Research (FDN-148412 to M.R.L.) and a University of British Columbia Public Scholar
Initiative. M.P.N. was supported by the University of British Columbia Four Year Doctoral Fellowship.
M.R.L. received salary support through a Canada Research Chair.

Institutional Review Board Statement: This study was approved by the Rwanda National Ethics
Committee (No.028/RNEC/2021, 28 February 2021) and the University of British Columbia (UBC)
Behavioral Research Ethics Board (H19-02224, 8 November 2020).

Informed Consent Statement: At the screening sites, patients were informed about the screening
activity and the use of data for research and monitoring purposes. Patients provided verbal consent
and signed consent forms.

Data Availability Statement: Our ethical approval from the National Rwanda Ethics Board only
permitted data access by the research team.

Acknowledgments: We would like to acknowledge the HCV hospital nurses, Ministry of Health,
and Rwanda biomedical staff for their contributions to this study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Marinho, R.T.; Vitor, S.; Velosa, J. Benefits of Curing Hepatitis C Infection. J. Gastrointest. Liver Dis. 2014, 23, 85–90. [CrossRef]
2. Mohd Hanafiah, K.; Groeger, J.; Flaxman, A.D.; Wiersma, S.T. Global epidemiology of hepatitis C virus infection: New estimates

of age-specific antibody to HCV seroprevalence. Hepatology 2013, 57, 1333–1342. [CrossRef] [PubMed]
3. Madhava, V.; Burgess, C.; Drucker, E. Epidemiology of chronic hepatitis C virus infection in sub-Saharan Africa. Lancet Infect. Dis.

2002, 2, 293–302. [CrossRef] [PubMed]
4. Turner, S.J.; Brown, J.; Paladino, J.A. Protease inhibitors for hepatitis C: Economic implications. PharmacoEconomics 2013, 31,

739–751. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/v15030661/s1
https://www.mdpi.com/article/10.3390/v15030661/s1
http://doi.org/10.15403/jgld-1284
http://doi.org/10.1002/hep.26141
http://www.ncbi.nlm.nih.gov/pubmed/23172780
http://doi.org/10.1016/S1473-3099(02)00264-5
http://www.ncbi.nlm.nih.gov/pubmed/12062995
http://doi.org/10.1007/s40273-013-0073-2
http://www.ncbi.nlm.nih.gov/pubmed/23839698


Viruses 2023, 15, 661 16 of 18

5. Global Progress Report on HIV, Viral Hepatitis and Sexually Transmitted Infections. 2021. Available online: https://www.who.
int/publications-detail-redirect/9789240027077 (accessed on 19 December 2022).

6. World Health Organization. Global Hepatitis Report; World Health Organization: Geneva, Switzerland, 2017; ISBN 978-92-4-156545-5.
7. World Health Organization. The Top 10 Causes of Death. Available online: https://www.who.int/news-room/fact-sheets/

detail/the-top-10-causes-of-death (accessed on 19 December 2022).
8. Thongsawat, S.; Piratvisuth, T.; Pramoolsinsap, C.; Chutaputti, A.; Tanwandee, T.; Thongsuk, D. Resource Utilization and Direct

Medical Costs of Chronic Hepatitis C in Thailand: A Heavy but Manageable Economic Burden. Value Health Reg. Issues 2014, 3,
12–18. [CrossRef]

9. Tapper, E.B.; Catana, A.M.; Sethi, N.; Mansuri, D.; Sethi, S.; Vong, A.; Afdhal, N.H. Direct costs of care for hepatocellular carcinoma
in patients with hepatitis C cirrhosis. Cancer 2016, 122, 852–858. [CrossRef]

10. Estes, C.; Abdel-Kareem, M.; Abdel-Razek, W.; Abdel-Sameea, E.; Abuzeid, M.; Gomaa, A.; Osman, W.; Razavi, H.; Zaghla, H.;
Waked, I. Economic burden of hepatitis C in Egypt: The future impact of highly effective therapies. Aliment. Pharmacol. Ther. 2015,
42, 696–706. [CrossRef]

11. Nevens, F.; Colle, I.; Michielsen, P.; Robaeys, G.; Moreno, C.; Caekelbergh, K.; Lamotte, M.; Wyffels, V. Resource use and cost of
hepatitis C-related care. Eur. J. Gastroenterol. Hepatol. 2012, 24, 1191–1198. [CrossRef]

12. Hellard, M.; Thompson, A.; Scott, N.; Iser, D.; Doyle, J.S. Cost-effectiveness of treating chronic hepatitis C virus with direct-acting
antivirals in people who inject drugs in Australia. J. Gastroenterol. Hepatol. 2016, 31, 872–882. [CrossRef]

13. Ford, N.; Swan, T.; Beyer, P.; Hirnschall, G.; Easterbrook, P.; Wiktor, S. Simplification of antiviral hepatitis C virus therapy to
support expanded access in resource-limited settings. J. Hepatol. 2014, 61, S132–S138. [CrossRef]

14. Gupta, N.; Kabahizi, J.; Mukabatsinda, C.; Walker, T.D.; Musabeyezu, E.; Kiromera, A.; Van Nuil, J.I.; Steiner, K.; Mukherjee,
J.; Nsanzimana, S.; et al. “Waiting for DAAs”: A retrospective chart review of patients with untreated hepatitis C in Rwanda.
PLoS ONE 2017, 12, e0174148. [CrossRef]

15. Layden, J.E.; Phillips, R.; Opare-Sem, O.; Akere, A.; Salako, B.L.; Nelson, K.; Dugas, L.; Luke, A.; Tayo, B.O.; Cooper, R.S. Hepatitis
C in Sub-Saharan Africa: Urgent Need for Attention. Open Forum Infect. Dis. 2014, 1, ofu065. [CrossRef]

16. Assefa, Y.; Hill, P.S.; Ulikpan, A.; Williams, O.D. Access to medicines and hepatitis C in Africa: Can tiered pricing and voluntary
licencing assure universal access, health equity and fairness? Glob. Health 2017, 13, 73. [CrossRef]

17. Nsanzimana, S.; Kirik, C.M.; Uwizihiwe, J.P.; Bucher, H.C. Increasing Access to Hepatitis C Treatment in Rwanda: The Promise of
Rwanda: Existing HIV Infrastructure. J. Infect. Dis. Ther. 2015, 3, 5–6. [CrossRef]

18. How Rwanda Is Eliminating Hepatitis C and What Canada Can Learn from Its Successes. Available online: https://blog.catie.ca/
2021/11/18/how-rwanda-is-eliminating-hepatitis-c-and-what-canada-can-learn-from-its-successes/ (accessed on 26 July 2022).

19. WHO|Combating Hepatitis B and C to Reach Elimination by 2030. Available online: http://www.who.int/hepatitis/
publications/hep-elimination-by-2030-brief/en/ (accessed on 7 February 2019).

20. Gupta, N.; Nsanzimana, S. Is hepatitis C elimination possible in sub-Saharan Africa? The case of Rwanda. Lancet Gastroenterol.
Hepatol. 2018, 3, 302–303. [CrossRef]

21. Umutesi, G.; Shumbusho, F.; Kateera, F.; Serumondo, J.; Kabahizi, J.; Musabeyezu, E.; Ngwije, A.; Gupta, N.; Nsanzimana,
S. Rwanda launches a 5-year national hepatitis C elimination plan: A landmark in sub-Saharan Africa. J. Hepatol. 2019, 70,
1043–1045. [CrossRef]

22. Kronfli, N.; Dussault, C.; Klein, M.B.; Lebouché, B.; Sebastiani, G.; Cox, J. The hepatitis C virus cascade of care in a Quebec
provincial prison: A retrospective cohort study. Can. Med. Assoc. Open Access J. 2019, 7, E674–E679. [CrossRef]

23. Yousafzai, M.T.; Bajis, S.; Alavi, M.; Grebely, J.; Dore, G.J.; Hajarizadeh, B. Global cascade of care for chronic hepatitis C virus
infection: A systematic review and meta-analysis. J. Viral Hepat. 2021, 28, 1340–1354. [CrossRef]

24. Karoney, M.J.; Siika, A.M. Hepatitis C virus (HCV) infection in Africa: A review. Pan Afr. Med. J. 2013, 14, 44. [CrossRef]
25. Kamali, I.; Shumbusho, F.; Barnhart, D.A.; Nyirahabihirwe, F.; Gakuru, J.P.; Dusingizimana, W.; Nizeyumuremyi, E.; Habinshuti,

P.; Walker, S.; Makuza, J.D.; et al. Time to complete hepatitis C cascade of care among patients identified during mass screening
campaigns in rural Rwanda: A retrospective cohort study. BMC Infect. Dis. 2022, 22, 272. [CrossRef]

26. Binagwaho, A.; Farmer, P.; Nsanzimana, S.; Karema, C.; Gasana, M.; de Dieu Ngirabega, J.; Ngabo, F.; Wagner, C.; Nutt, C.;
Nyatanyi , T.; et al. Thierry Nyatanyi 20 years on: Investing in life. Lancet 2014, 384, 371–375. [CrossRef] [PubMed]

27. Nsanzimana, S.; Penkunas, M.; Liu, C.; Sebuhoro, D.; Ngwije, A.; Remera, E.; Umutesi, J.; Ntirenganya, C.; Mugeni, S.;
Serumondo, J. THU-411-Effectiveness of direct: Acting antivirals for the treatment of viral hepatitis C in Rwanda. J. Hepatol. 2019,
70, e337. [CrossRef]

28. Universal Health Coverage: How Rwanda Is Moving forward with Healthcare for All|Innovations in Healthcare. Available online:
https://www.innovationsinhealthcare.org/universal-health-coverage-how-rwanda-is-moving-forward-with-healthcare-for-
all/ (accessed on 19 December 2022).

29. Makuza, J.D.; Rwema, J.O.T.; Ntihabose, C.K.; Dushimiyimana, D.; Umutesi, J.; Nisingizwe, M.P.; Serumondo, J.; Semakula, M.;
Riedel, D.J.; Nsanzimana, S. Prevalence of hepatitis B surface antigen (HBsAg) positivity and its associated factors in Rwanda.
BMC Infect. Dis. 2019, 19, 381. [CrossRef] [PubMed]

30. Umutesi, J.; Simmons, B.; Makuza, J.D.; Dushimiyimana, D.; Mbituyumuremyi, A.; Uwimana, J.M.; Ford, N.; Mills, E.J.;
Nsanzimana, S. Prevalence of hepatitis B and C infection in persons living with HIV enrolled in care in Rwanda. BMC Infect. Dis.
2017, 17, 315. [CrossRef]

https://www.who.int/publications-detail-redirect/9789240027077
https://www.who.int/publications-detail-redirect/9789240027077
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
http://doi.org/10.1016/j.vhri.2013.09.002
http://doi.org/10.1002/cncr.29855
http://doi.org/10.1111/apt.13316
http://doi.org/10.1097/MEG.0b013e3283566658
http://doi.org/10.1111/jgh.13223
http://doi.org/10.1016/j.jhep.2014.09.019
http://doi.org/10.1371/journal.pone.0174148
http://doi.org/10.1093/ofid/ofu065
http://doi.org/10.1186/s12992-017-0297-6
http://doi.org/10.4172/2332-0877.1000245
https://blog.catie.ca/2021/11/18/how-rwanda-is-eliminating-hepatitis-c-and-what-canada-can-learn-from-its-successes/
https://blog.catie.ca/2021/11/18/how-rwanda-is-eliminating-hepatitis-c-and-what-canada-can-learn-from-its-successes/
http://www.who.int/hepatitis/publications/hep-elimination-by-2030-brief/en/
http://www.who.int/hepatitis/publications/hep-elimination-by-2030-brief/en/
http://doi.org/10.1016/S2468-1253(18)30089-X
http://doi.org/10.1016/j.jhep.2019.03.011
http://doi.org/10.9778/cmajo.20190068
http://doi.org/10.1111/jvh.13574
http://doi.org/10.11604/pamj.2013.14.44.2199
http://doi.org/10.1186/s12879-022-07271-z
http://doi.org/10.1016/S0140-6736(14)60574-2
http://www.ncbi.nlm.nih.gov/pubmed/24703831
http://doi.org/10.1016/S0618-8278(19)30658-9
https://www.innovationsinhealthcare.org/universal-health-coverage-how-rwanda-is-moving-forward-with-healthcare-for-all/
https://www.innovationsinhealthcare.org/universal-health-coverage-how-rwanda-is-moving-forward-with-healthcare-for-all/
http://doi.org/10.1186/s12879-019-4013-4
http://www.ncbi.nlm.nih.gov/pubmed/31053097
http://doi.org/10.1186/s12879-017-2422-9


Viruses 2023, 15, 661 17 of 18

31. Martínez, J.D.; Garzón, M.A.; Arteaga, J.M.; Hernández, G.; Manrique, C.; Hormaza, N.; Lizarazo, J.; Marulanda, J.; Molano,
J.C.; Rey, M.H.; et al. The SD BIOLINE Rapid Test for Detection of Antibodies to HCV among High-Risk Patients. Rev. Colomb.
Gastroenterol. 2015, 30, 273–278. [CrossRef]

32. Sonderup, M.W.; Afihene, M.; Ally, R.; Apica, B.; Awuku, Y.; Cunha, L.; Dusheiko, G.; Gogela, N.; Lohouès-Kouacou, M.-J.; Lam,
P.; et al. Hepatitis C in sub-Saharan Africa: The current status and recommendations for achieving elimination by 2030. Lancet
Gastroenterol. Hepatol. 2017, 2, 910–919. [CrossRef]

33. Ezeanya, C. Home-Grown and Grassroots-Based Strategies for Determining Inequality towards Policy Action: Rwanda’s Ubudehe
Approach in Perspective. Available online: https://www.wider.unu.edu/sites/default/files/wp2015-008.pdf (accessed on 19
December 2022).

34. Song, M.; Zhou, X.; Pazaris, M.; Spiegelman, D. The Missing Covariate Indicator Method Is Nearly Valid Almost Always 2021.
Available online: https://doi.org/10.48550/arXiv.2111.00138 (accessed on 19 December 2022). [CrossRef]

35. Rwanda Population (2023)—Worldometer. Available online: https://www.worldometers.info/world-population/rwanda-
population/ (accessed on 19 December 2022).

36. Nsanzimana, S.; Rwibasira, G.N.; Malamba, S.S.; Musengimana, G.; Kayirangwa, E.; Jonnalagadda, S.; Fazito Rezende, E.; Eaton,
J.W.; Mugisha, V.; Remera, E.; et al. HIV incidence and prevalence among adults aged 15–64 years in Rwanda: Results from the
Rwanda Population-based HIV Impact Assessment (RPHIA) and District-level Modeling, 2019. Int. J. Infect. Dis. IJID Off. Publ.
Int. Soc. Infect. Dis. 2022, 116, 245–254. [CrossRef]

37. Makuza, J.D.; Liu, C.Y.; Ntihabose, C.K.; Dushimiyimana, D.; Umuraza, S.; Nisingizwe, M.P.; Umutesi, J.; Serumondo, J.; Mugeni,
S.D.; Semakula, M.; et al. Risk factors for viral hepatitis C infection in Rwanda: Results from a nationwide screening program.
BMC Infect. Dis. 2019, 19, 688. [CrossRef]

38. 2005-2020 Rates of Acute Hepatitis C Cases by Age|Center for Disease Control. 10 October 2022. Available online: https:
//www.cdc.gov/hepatitis/statistics/2020surveillance/hepatitis-c/figure-3.4.htm (accessed on 19 December 2022).

39. Umutesi, J.; Liu, C.Y.; Penkunas, M.J.; Makuza, J.D.; Ntihabose, C.K.; Umuraza, S.; Niyikora, J.; Serumondo, J.; Gupta, N.;
Nsanzimana, S. Screening a nation for hepatitis C virus elimination: A cross-sectional study on prevalence of hepatitis C and
associated risk factors in the Rwandan general population. BMJ Open 2019, 9, e029743. [CrossRef]

40. Hutin, Y.J.; Duclos, P.; Hogerzeil, H.; Ball, A.; Carr, R. Unsterile injections and emergence of human pathogens. Lancet 2002,
359, 2280. [CrossRef]

41. Mohamed, Z.; Rwegasha, J.; Kim, J.U.; Shimakawa, Y.; Poiteau, L.; Chevaliez, S.; Bhagani, S.; Taylor-Robinson, S.D.; Thursz, M.R.;
Mbwambo, J.; et al. The hepatitis C cascade of care in people who inject drugs in Dar es Salaam, Tanzania. J. Viral Hepat. 2018, 25,
1438–1445. [CrossRef]

42. Awadalla, H.I.; Ragab, M.H.; Nassar, N.A.; Osman, M.A.H. Risk factors of hepatitis C infection among Egyptian blood donors.
Cent. Eur. J. Public Health 2011, 19, 217–221. [CrossRef]

43. Saleh, D.A.; Shebl, F.; Abdel-Hamid, M.; Narooz, S.; Mikhail, N.; El-Batanony, M.; El-Kafrawy, S.; El-Daly, M.; Sharaf, S.; Hashem,
M.; et al. Incidence and risk factors for hepatitis C infection in a cohort of women in rural Egypt. Trans. R. Soc. Trop. Med. Hyg.
2008, 102, 921–928. [CrossRef]

44. Quinn, S.C.; Kumar, S. Health Inequalities and Infectious Disease Epidemics: A Challenge for Global Health Security. Biosecurity
Bioterrorism Biodefense Strategy Pract. Sci. 2014, 12, 263–273. [CrossRef]

45. Platt, L.; Easterbrook, P.; Gower, E.; McDonald, B.; Sabin, K.; McGowan, C.; Yanny, I.; Razavi, H.; Vickerman, P. Prevalence and
burden of HCV co-infection in people living with HIV: A global systematic review and meta-analysis. Lancet Infect. Dis. 2016, 16,
797–808. [CrossRef]

46. Baden, R.; Rockstroh, J.K.; Buti, M. Natural History and Management of Hepatitis C: Does Sex Play a Role? J. Infect. Dis. 2014,
209, S81–S85. [CrossRef]

47. Baha, W.; Foullous, A.; Dersi, N.; They-they, T.P.; Alaoui, K.E.; Nourichafi, N.; Oukkache, B.; Lazar, F.; Benjelloun, S.; Ennaji,
M.M.; et al. Prevalence and risk factors of hepatitis B and C virus infections among the general population and blood donors in
Morocco. BMC Public Health 2013, 13, 50. [CrossRef]

48. Serumondo, J.; Penkunas, M.J.; Niyikora, J.; Ngwije, A.; Kiromera, A.; Musabeyezu, E.; Umutesi, J.; Umuraza, S.; Musengimana,
G.; Nsanzimana, S. Patient and healthcare provider experiences of hepatitis C treatment with direct-acting antivirals in Rwanda:
A qualitative exploration of barriers and facilitators. BMC Public Health 2020, 20, 946. [CrossRef]

49. Gupta, N.; Kabahizi, J.; Muvunyi, C.; Mbituyumuremyi, A.; Van Nuil, J.; Shumbusho, F.; Ntaganda, F.; Damascene, M.J.;
Mukabatsinda, C.; Musabeyezu, E.; et al. Direct-acting antiviral treatment in sub-Saharan Africa: A prospective trial of
Ledipasvir/Sofosbuvir for chronic Hepatitis C infection in Rwanda (the SHARED study). J. Hepatol. 2018, 68, S50. [CrossRef]

50. Gupta, N.; Manirambona, L.; Shumbusho, F.; Kabihizi, J.; Murangwa, A.; Serumondo, J.; Makuza, J.D.; Nsanzimana, S.; Muvunyi,
C.M.; Mukabatsinda, C.; et al. Safety and efficacy of sofosbuvir-velpatasvir-voxilaprevir for re-treatment of chronic hepatitis C
virus infection in patients with previous direct-acting antiviral treatment failure in Rwanda (SHARED-3): A single-arm trial.
Lancet Gastroenterol. Hepatol. 2022, 7, 542–551. [CrossRef]

51. Sarrazin, C. Treatment failure with DAA therapy: Importance of resistance. J. Hepatol. 2021, 74, 1472–1482. [CrossRef] [PubMed]
52. Opio, C.K. Direct-acting antiviral regimens and HCV treatment failure and re-treatment in sub-Saharan Africa. Lancet Gastroenterol.

Hepatol. 2022, 7, 498–499. [CrossRef] [PubMed]

http://doi.org/10.22516/25007440.50
http://doi.org/10.1016/S2468-1253(17)30249-2
https://www.wider.unu.edu/sites/default/files/wp2015-008.pdf
https://doi.org/10.48550/arXiv.2111.00138
http://doi.org/10.48550/arXiv.2111.00138
https://www.worldometers.info/world-population/rwanda-population/
https://www.worldometers.info/world-population/rwanda-population/
http://doi.org/10.1016/j.ijid.2022.01.032
http://doi.org/10.1186/s12879-019-4322-7
https://www.cdc.gov/hepatitis/statistics/2020surveillance/hepatitis-c/figure-3.4.htm
https://www.cdc.gov/hepatitis/statistics/2020surveillance/hepatitis-c/figure-3.4.htm
http://doi.org/10.1136/bmjopen-2019-029743
http://doi.org/10.1016/S0140-6736(02)09284-X
http://doi.org/10.1111/jvh.12966
http://doi.org/10.21101/cejph.a3628
http://doi.org/10.1016/j.trstmh.2008.04.011
http://doi.org/10.1089/bsp.2014.0032
http://doi.org/10.1016/S1473-3099(15)00485-5
http://doi.org/10.1093/infdis/jiu057
http://doi.org/10.1186/1471-2458-13-50
http://doi.org/10.1186/s12889-020-09000-0
http://doi.org/10.1016/S0168-8278(18)30320-9
http://doi.org/10.1016/S2468-1253(21)00399-X
http://doi.org/10.1016/j.jhep.2021.03.004
http://www.ncbi.nlm.nih.gov/pubmed/33716089
http://doi.org/10.1016/S2468-1253(21)00465-9
http://www.ncbi.nlm.nih.gov/pubmed/35248214


Viruses 2023, 15, 661 18 of 18

53. Nsanzimana, S.; Penkunas, M.J.; Liu, C.Y.; Sebuhoro, D.; Ngwije, A.; Remera, E.; Umutesi, J.; Ntirenganya, C.; Mugeni, S.D.;
Serumondo, J. Effectiveness of Direct-Acting Antivirals for the treatment of chronic hepatitis C in Rwanda: A retrospective study.
Clin. Infect. Dis. Off. Publ. Infect. Dis. Soc. Am. 2021, 73, e3300–e3307. [CrossRef] [PubMed]

54. Luma, H.N.; Eloumou, S.A.F.B.; Noah, D.N.; Eyenga, B.A.; Nko’Ayissi, G.; Taku, T.S.; Malongue, A.; Donfack-Sontsa, O.; Ditah,
I.C. Hepatitis C Continuum of Care in a Treatment Center in Sub-Saharan Africa. J. Clin. Exp. Hepatol. 2018, 8, 335–341. [CrossRef]

55. Janjua, N.Z.; Kuo, M.; Yu, A.; Alvarez, M.; Wong, S.; Cook, D.; Wong, J.; Grebely, J.; Butt, Z.A.; Samji, H.; et al. The Population
Level Cascade of Care for Hepatitis C in British Columbia, Canada: The BC Hepatitis Testers Cohort (BC-HTC). EBioMedicine
2016, 12, 189–195. [CrossRef]

56. Jankovic, J.; Mirkovic, M.; Jovic-Vranes, A.; Santric-Milicevic, M.; Terzic-Supic, Z. Association between non-communicable
disease multimorbidity and health care utilization in a middle-income country: Population-based study. Public Health 2018, 155,
35–42. [CrossRef]

57. Agrawal, U.; Azcoaga-Lorenzo, A.; Fagbamigbe, A.F.; Vasileiou, E.; Henery, P.; Simpson, C.R.; Stock, S.J.; Shah, S.A.; Robertson,
C.; Woolhouse, M.; et al. Association between multimorbidity and mortality in a cohort of patients admitted to hospital with
COVID-19 in Scotland. J. R. Soc. Med. 2022, 115, 22–30. [CrossRef]

58. Screening and Treatment Program to Eliminate Hepatitis C in Egypt|NEJM. Available online: https://www.nejm.org/doi/full/
10.1056/NEJMsr1912628 (accessed on 21 July 2022).

59. World Bank Poverty Headcount Ratio at National Poverty Lines (% of population)—Rwanda|Data. Available online: https:
//data.worldbank.org/indicator/SI.POV.NAHC?locations=RW (accessed on 1 November 2022).

60. Ha, S.; Timmerman, K. Awareness and knowledge of hepatitis C among health care providers and the public: A scoping review.
Can. Commun. Dis. Rep. 2018, 44, 157–165. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1093/cid/ciaa701
http://www.ncbi.nlm.nih.gov/pubmed/32505127
http://doi.org/10.1016/j.jceh.2018.01.001
http://doi.org/10.1016/j.ebiom.2016.08.035
http://doi.org/10.1016/j.puhe.2017.11.014
http://doi.org/10.1177/01410768211051715
https://www.nejm.org/doi/full/10.1056/NEJMsr1912628
https://www.nejm.org/doi/full/10.1056/NEJMsr1912628
https://data.worldbank.org/indicator/SI.POV.NAHC?locations=RW
https://data.worldbank.org/indicator/SI.POV.NAHC?locations=RW
http://doi.org/10.14745/ccdr.v44i78a02

	Background 
	Materials and Methods 
	Study Context 
	Study Design 
	Study Sites and Population 
	Data Sources 
	Cascade of Care 
	Screening 
	HCV RNA Testing 
	Treatment 

	Outcome Variables 
	Other Variables 
	Data Analysis 

	Results 
	Descriptive Characteristics 
	Cascade of Care 
	Anti-HCV Seroprevalence 
	HCV RNA Testing 
	Dropout at HCV RNA Testing 
	Treatment Success (Achieving SVR) 
	Dropout at Final SVR Test 

	Discussion 
	Anti-HCV Screening and HCV RNA Testing 
	Treatment Initiation and Success 
	HCV RNA and SVR Testing Dropout 
	Limitations 

	Conclusions 
	References

