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1  |  INTRODUC TION

Chronic hepatitis C virus (HCV) infection is a major cause of pro-
gressive liver disease and associated morbidity and mortality glob-
ally.1 In 2021, there were an estimated 58  million persons with a 
chronic infection, with a disproportionately high burden in low- and 
middle-income countries.1 Short-course curative direct-acting anti-
viral (DAA) regimens have transformed opportunities for treatment 
scale-up and elimination.1–4 In 2016, the World Health Organization 
(WHO) launched the Global Health Sector Strategy for elimination 
of viral hepatitis as a public health threat, with ambitious targets for 
elimination of HCV including a 90% reduction in new infections and 
a 65% reduction in HCV-related mortality by 2030.5,6

In order to meet the 2030 global targets for HCV elimination, 
there is a need to substantially scale-up access to testing and treat-
ment, with simplified service delivery models and diagnostic inno-
vations to expand access.7 A key step in the care cascade is the use 
of HCV viral load assays to confirm presence of viraemic infection, 
and then a test of cure following treatment.8 The 2017 WHO viral 
hepatitis testing guidelines recommended a laboratory-based PCR 

Nucleic Acid Amplification Testing (NAAT), or a core HCV antigen 
assay with comparable clinical sensitivity, as preferred strategies for 
diagnosis of viraemic HCV infection, and laboratory-based PCR as-
says as a test of cure at SVR12.9,10 Point-of-care HCV viral load assays 
are now available as an alternative to laboratory-based NAAT assays 
to promote access, especially in hard to reach or marginalized pop-
ulations. A previous multi-cohort analysis examined the distribution 
of HCV viral load at diagnosis in 66,640 individuals from 12 coun-
tries and established that 97% had a viral load greater than 1318 IU/
mL and 95% had a viral load greater than 3,311  IU/mL.11 The key 
laboratory-based assays (Abbott Real time HCV PCR, Alinity m HCV 
RT-PCR, Abbott Real time HCV PCR) have an analytical sensitivity 
or LloD of between 5–15 IU/mL, and key PoC assays: HCV RNA PoC 
GeneXpert assays are 10  IU/mL for venous blood,12,13 or 100  IU/
mL using fingerstick capillary blood. All these assays are therefore 
acceptable for diagnosis of HCV viraemic infection.

Currently, the European Association for the Study of the Liver 
Diseases, IDSA-AASLD HCV guidance panel, all recommend a min-
imum LLoD of 1000  IU/mL for HCV diagnosis, but none yet spec-
ify minimal test characteristics for test of cure.14,15  While some 
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Abstract
Achieving global elimination of hepatitis C virus requires a substantial scale-up of test-
ing. Point-of-care HCV viral load assays are available as an alternative to laboratory-
based assays to promote access in hard to reach or marginalized populations. The 
diagnostic performance and lower limit of detection are important attributes of these 
new assays for both diagnosis and test of cure. Therefore, our objective was to de-
termine an acceptable LLoD for detectable HCV viraemia as a test for cure, 12 weeks 
post-treatment (SVR12). We assembled a global data set of patients with detect-
able viraemia at SVR12 from observational databases from 9 countries (Egypt, the 
United States, United Kingdom, Georgia, Ukraine, Myanmar, Cambodia, Pakistan, 
Mozambique) and two pharmaceutical-sponsored clinical trial registries. We exam-
ined the distribution of HCV viral load at SVR12 and presented the 90th, 95th, 97th 
and 99th percentiles. We used logistic regression to assess characteristics associated 
with low-level virological treatment failure (defined as <1000  IU/mL). There were 
5973 cases of detectable viraemia at SVR12 from the combined data set. Median 
detectable HCV RNA at SVR12 was 287,986  IU/mL. The level of detection for the 
95th percentile was 227 IU/mL (95% CI 170–276). Females and those with minimal 
fibrosis were more likely to experience low-level viraemia at SVR12 compared to men 
(adjusted odds ratio AOR = 1.60 95% confidence interval [CI] 1.30–1.97 and those 
with cirrhosis (AOR = 1.49 95% CI 1.15–1.93). In conclusion, an assay with a level of 
detection of 1000  IU/mL or greater may miss a proportion of those with low-level 
treatment failure.
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small studies have examined the distribution of viral load at end 
of treatment—including a cohort of eight patients from the United 
States,16 a cohort of 14 patients in Germany17 and 330 treatment 
failures in an analysis of 34 phase 2/3  clinical trials.18  The latter 
study in clinical trials identify that 97% had a viral load >10,000 IU/
mL 12 weeks post-treatment, and just 0.9% of patients had a viral 
load less than 1000 IU/mL (77, 405 and 680 IU/mL). To date, there 
have been no real world, global analyses of distribution of viral load 
in those with detectable viraemia at SVR12.

Our primary objective was to determine the LLoD for an HCV 
RNA assay to detect 90%, 95%, 97% and 99% of treatment fail-
ures at 12  weeks post-treatment in a large multi-cohort data set, 
and to assess the characteristics associated with low-level viraemia 
(<1000 IU/mL) at SVR12. These findings will help inform global pol-
icy as well as guide manufacturers as to whether existing platforms 
and assays meet requirements for their use both in diagnosis and as 
a test of cure, and for future development of testing technologies.

2  |  METHODS

2.1  |  Data sources: Observational cohorts and 
clinical trials registries

We assembled a data set of patients with detectable HCV viral 
load at week 12 after completion of DAA treatment from clinical 
observational cohorts in nine countries, in addition to international 
clinical trial registry databases from two pharmaceutical companies. 
We identified potential cohorts for inclusion from four sources: (1) 
cohorts included in a previously published analysis of 12 countries 
for LoD at diagnosis11; (2) cohorts that had previous collabora-
tive projects with WHO or were known by our research team; (3) 
a PubMed literature search using the search terms ‘HCV SVR’ and 
‘cohort study’; and (4) conference abstracts from 2018 to 2020 at 
the American Association for the Study of Liver Diseases and the 
European Association for the Study of the Liver. We sent our study 
protocol (Appendix S1) and an invitation to join a research collabora-
tive to the principal investigators of each identified cohort. We ap-
proached 19 cohorts and registries with HCV-infected patients who 
had received treatment.

Eleven observational cohorts representing nine countries and 
two clinical trial registries agreed to collaborate and share data. To 
be included in the global data set, cohorts and trial databases were 
required to have the following patient-level data: Detectable HCV 
RNA test at 12 weeks post-treatment and linked demographic data 
per protocol (see Appendix  S1). Observational cohorts were char-
acterized by one of the following: (1) registries from country-wide 
national HCV ministries of health (Georgian and Egypt national pro-
grams); (2) large healthcare systems (United States Department of 
Veteran Affairs or the UK); (3) non-governmental organizations with 
programmatic data including across multiple countries (Médecins 
Sans Frontières (MSF) sites in Mozambique, Cambodia and Pakistan); 
or (4) grant-funded research projects (Myanmar and Ukraine).

We also included clinical trials databases from two pharmaceuti-
cal companies who were responsible for originator DAAs (Gilead and 
AbbVie). We pooled data from relevant DAA trials into a single repos-
itory. Patient eligibility criteria varied by study trial, and the majority 
required a pre-treatment viral load over 1000 IU/mL for enrolment and 
censored individuals who experienced on-treatment virological fail-
ure. Both clinical trial databases were used individually to determine 
LLoD and the distribution of HCV RNA at treatment failure based on 
summary data at SVR12 assessment. However, only one database was 
able to provide patient-level data to contribute to the multivariable re-
gression analyses of factors associated with low-level viraemia (LLV).

2.2  |  Characteristics of study cohorts

Most of the included cohorts have been well described in the 
literature.19–26 Table  1  summarizes key characteristics of these 
cohorts, including number of HCV-treated patients, gender, age, 
and genotype distribution, DAA regimens and the proportion who 
achieved SVR following treatment. There was a high degree of het-
erogeneity in patient characteristics across cohorts, reflecting vary-
ing HCV epidemic profiles in different countries.

2.3  |  Data concatenation

We modified a protocol for data concatenation from the previous 
study of viral load at diagnosis,27 to create comparable variables 
across a global data set.27 First, we requested a core set of demo-
graphic and clinical variables for each included individual: age (di-
chotomized as under 60 or 60 years or older based on the format of 
data received), sex, HCV genotype, fibrosis stage, type and duration 
of DAA regimen, and presence of human immunodeficiency virus 
(HIV) or hepatitis B virus (HBV) co-infection. Second, we harmonized 
data for three key variables—fibrosis stage; HCV genotype; and HCV 
DAA treatment regimens. We standardized fibrosis stage by calcu-
lating the Fibrosis-4 (FIB4) score, which correlates well with staging 
based on transient elastography and liver biopsy.28–30 We assigned 
the corresponding Metavir state to the FIB4  scores: FIB4  score 
<1.45, (Metavir stage F0-F1); FIB4 1.45–3.25 (Metavir stage 
F2─F3); and FIB4 scores above 3.25 (Metavir stage F4). We imputed 
genotype data for one country, Egypt, which has predominantly 
genotype 4 infection, and where genotyping is no longer performed 
routinely.31 We used the distribution of genotypes from the litera-
ture as probabilities of having each given genotype and employed a 
Markov chain Monte Carlo technique to stochastically assign a geno-
type to each individual in the Egyptian cohort. All other cohorts had 
patient-level data on genotype. Finally, since more than 20 different 
DAA treatment regimens were in use during our data collection pe-
riod, we assigned these regimens to three categories based on the 
time period of introduction: early era DAAs (sofosbuvir/ribavirin and 
sofosbuvir/simeprevir with or without ribavirin), mid-era (sofosbu-
vir/daclatasvir, sofosbuvir/ledipasvir and elbasvir/grazoprevir- or 
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ombitasvir/paritaprevir-containing regimens) and recent-era (gle-
caprevir/pibrentasvir and sofosbuvir/velpatasvir regimens).

2.4  |  Statistical analyses

We evaluated the distribution of HCV viral load at 12 weeks post-
treatment assessment among all patients in the combined data set 
using both standard IU/mL measures and normalized using a log10 
transformation, to allow for better visualization of the viral load dis-
tribution. From these measures, we identified the lower 95th, 97th 
and 99th percentiles of the HCV RNA distribution. To estimate the 
95% confidence interval for each viral load threshold, we use the 
method described by Hahn and Meeker, 1991, which corrects for a 
non-normal distribution of values.32

We next identified the subgroup of individuals who had HCV RNA 
that is detectable, but <1000 IU/mL at the time of SVR assessment. 
Such individuals were defined as having ‘low-level viremia’ (LLV) at 
the time of treatment failure. We chose the threshold of <1000 IU/
mL because that is the LLoD for HCV core antigen assay and a rea-
sonable proxy for newer platforms being developed that have poten-
tial to be near point-of-care in use and so promote access to diagnosis 
and treatment.33,34  We described the characteristics of this sub-
group and employed logistic regression to assess factors associated 
with having LLV compared to no LLV among those with detectable 
viral load at SVR12. Analyses were conducted using SAS (version 9.4; 
SAS Institute; Cary, NC). The Boston University Institutional Review 
Board ruled this study not human subjects research.

2.5  |  Sensitivity analyses

We conducted two additional subgroup and sensitivity analyses. 
First, we examined whether results differed between clinical trial 
and observational cohorts to determine whether conclusions po-
tentially differ in investigational and real-world settings. Second, we 
examined the HCV RNA viral load at SVR24 after treatment comple-
tion to assess whether checking for cure at 24 weeks rather than 
12 weeks would provide similar conclusions. This was undertaken 
in the cohort from Georgia, the US Department of Veterans Affairs, 
and one of the clinical trial cohorts that reported patient HCV RNA 
test results at both 12- and 24 weeks post-treatment.

3  |  RESULTS

3.1  |  Characteristics of treatment failures

Overall, our cohort consisted of 5973 cases of detectable virae-
mia following HCV treatment from Egypt (3264), the United States 
(1125), Georgia (1041), the United Kingdom (131), Myanmar (84), 
Cambodia (40), Pakistan (27), Ukraine (17), Mozambique (3) and clini-
cal trial registries (241). Table 2 summarizes the characteristics of the 

individuals included in this analysis. Most individuals were under the 
age of 60 years (65%), with the exception of the U.S. Veterans Affairs 
cohort, of which 78% were 60 years or older. The majority of patients in 
the Mozambique, Myanmar and Ukraine cohorts were HIV co-infected, 
but less than 10% were HIV co-infected in the other cohorts and trial 
databases. Forty-one per cent of the cohort had a fibrosis stage of F4 
indicating advanced liver disease/cirrhosis. The genotype distribution 
across all cohorts was GT 1 (23%), 2 (5%), 3 (12%) and 4 (53%). Most 
of the cohort (70%) received 12 weeks of DAA treatment while 24% 
received 24 weeks. Most individuals received a mid-era DAA regimen 
(66%), followed by early era (27%) and recent-era (6%) DAAs (Table 2).

3.2  |  HCV viral load distribution and limit of 
detection analysis

The median detectable HCV RNA at SVR12 was 287,986 IU/mL (ap-
proximately 5.5  log10) (IQR  =  1,323,500  IU/mL with 25th percen-
tile = 26,500 and 75% percentile = 1,350,000) (Figure 1). 90% of 
those with detectable viraemia at SV12 had a viral load greater than 
1133 (95% CI 940–1390), 95% greater than 227 IU/mL (95% CI 170–
276), 97% greater than 70 IU/mL (95% CI 48–86) and 99% greater 
than 19 IU/mL (95% CI 16–23). Five hundred seventy-four individu-
als (10%) were defined as having LLV, meaning that a hypothetical 
assay with LLoD of 1000 IU/mL would miss approximately 10% of 
treatment failures in this setting.

3.3  |  Factors associated with low-level viraemia 
(<1000 IU/mL) at SVR12

We examined baseline demographic, clinical and treatment charac-
teristics associated with LLV (<1000  IU/mL) compared to non-LLV 
and present these results in Table 3. In multivariable logistic regres-
sion analysis adjusting for demographic (age, sex, data source, HIV/
HBV co-infection) and disease (fibrosis stage, genotype, regimen 
duration, DAA treatment era) characteristics, females had higher 
odds of experiencing LLV (odds ratio [OR]  =  1.60, 95% CI 1.30–
1.97). Compared to cirrhosis (F4), no or minimal fibrosis (F0-F1) was 
associated with higher odds of having a low detectable viral load 
(OR = 1.49, 95% CI 1.15–1.93), as was genotype 3 (OR = 1.69, 95% 
CI 1.18–2.41). Finally, we found that compared to early era DAA 
regimens, mid-era DAA regimens were associated with a lower likeli-
hood of low-viraemia detection (OR = 0.55, 95% CI 0.40–0.75).

3.4  |  Sensitivity analyses of distribution of 
viral load

3.4.1  |  Clinical trial and observational cohorts

We found a higher distribution of detectable viral loads from the 
two clinical trial registries. The median viral load was 2,344,229 
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(IQR = 5,911,542  IU/mL with 25th percentile = 545,000 and 75% 
percentile  =  6,456,542), and 90% of those with detectable virae-
mia at SVR12 had a viral load greater than 98,420 (95% CI 17,600–
199,962), 95% greater than 4030  IU/mL (95% CI 24–4100), 97% 
greater than 923  IU/mL (95% CI 24–4030) and 99% greater than 
24 IU/mL (95% CI 14–24), respectively (Table 4). The distribution of 
viral load from non-pharmaceutical trials (observational databases) 
had median viral load of 264,809 (IQR = 1,196,500 IU/mL with 25th 
percentile = 23,500 and 75% percentile = 1,220,000), and 90% of 
those with detectable viraemia at SVR12  had a viral load greater 
than 1062 (95% CI 816–1300), 95% greater than 214  IU/mL (95% 
CI 166–266), 97% greater than 69 IU/mL (95% CI 48–85) and 99% 
greater than 19 (95% CI 16–22) (Table 4).

3.4.2  |  SVR12 and SVR24

We identified 432 individuals with 24  weeks post-treatment HCV 
RNA data, including 231 individuals from the U.S. Veterans Affairs 
cohort, 128 from the Georgia cohort and 73 from the clinical trials 
cohort. In this sample at SVR12, 95% of individuals had a detectable 
HCV RNA above 200 IU/mL, 97% above 119 IU/mL and 99% above 
24 IU/mL. We graphed the 12- and 24-week viral load by individual 

in the 65 individuals in the clinical trials cohort with data at both time 
points (eFigure S2). In this sample, the median change in viral load 
from 12 to 24 weeks was 128,848 IU/mL. We did not find evidence 
of different prevalence of LLV at 12 and 24 weeks: at both the 12- 
and 24-week assessments for cure, approximately 11% of those de-
tectable had LLV of <1000 IU/mL. So, while the mean increase from 
12 to 24 weeks is large, this was largely attributable to increases in 
those with already high viral loads.

4  |  DISCUSSION

The analysis of a data set of 5973 cases of detectable viraemia fol-
lowing treatment with a wide range of different DAA treatment 
regimens from nine different country observational cohorts and 
two international clinical trials databases shows that 95% of HCV 
treatment failures identified 12 weeks after the end of DAA therapy 
have a VL greater than 227  IU/mL (2.36  log IU/mL) and 97% have 
greater than 70  IU/mL (95% CI 48–86). There were important dif-
ferences in the distribution of viral load at treatment failure in those 
who were participants in clinical trials compared to observational 
studies. The median viral load at treatment failure was nearly 10-fold 
higher (2,344,229  IU/mL in clinical trial registries vs. 264,809  IU/

F I G U R E  1  Each bar represents the proportion of the sample with a given log RNA value at time of detection 12 weeks post-treatment. 
The labels on the x-axis are the end point of each bar. For example, the tallest bar, with a label of 5.75–6.00, shows that just over 10% of the 
cohort has a log RNA value between 5.75 and 6.00
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TA B L E  3  Multivariable analysis of factors associated with of low-level viraemia treatment failure (RNA detectable <1000 IU/mL) at 
12 weeks post-treatment

Variable

Mid/high viraemia
(≥1000 IU/mL)

Low-level viraemia (<1000 IU/
mL)

Adjusted odds 
ratio*

95% confidence 
interval

n % n %

Total** 5331 (100.0%) 574 (100.0%)

Demographic characteristics

Age (years)

<60 3451 (64.7%) 429 (74.7%) Reference

60+ 1865 (35.0%) 144 (25.1%) 0.98 (0.79–1.23)

Missing 15 (0.3%) 1 (0.2%) 1.67 (0.19–15.01)

Sex

Male 3963 (74.3%) 381 (66.4%) Reference

Female 1368 (25.7%) 193 (33.6%) 1.60 (1.30–1.97)

HIV

Co-infected 130 (2.4%) 124 (4.2%) - -

Negative 4319 (80.0%) 352 (61.2%) - -

Missing 950 (17.6%) 198 (34.5%) - -

HBV (HBsAg positive)

Co-infected 110 (2.0%) 9 (1.6%) 0.99 (0.48–2.03)

Negative 5221 (98.0%) 565 (98.4%) Reference

Disease characteristics

Fibrosis stage

F0-F1 1193 (22.4%) 179 (31.2%) 1.49 (1.15–1.93)

F2-F3 1682 (31.6%) 158 (27.5%) 1.05 (0.82–1.33)

F4 2336 (43.8%) 228 (39.7%) Reference

Missing 120 (2.3%) 9 (1.6%) 0.52 (0.23–1.15)

HCV Genotype

1 (all subtypes) 1308 (24.5%) 80 (13.9%) Reference

2 276 (5.2%) 39 (6.8%) 1.36 (0.83–2.24)

3 641 (12.0%) 93 (16.2%) 1.69 (1.18–2.41)

4 2883 (54.1%) 274 (47.7%) 1.22 (0.66–2.25)

5/6/mixed 59 (1.1%) 7 (1.2%) 1.16 (0.42–3.20)

Missing 164 (3.1%) 81 (14.1%) 4.18 (2.72–6.42)

Treatment characteristics

Regimen duration

8 weeks 44 (0.8%) 2 (0.4%) 1.30 (0.23–7.42)

12 weeks 3784 (71.0%) 413 (72.0%) Reference

16/20 weeks 175 (3.3%) 12 (2.1%) 1.64 (0.82–3.27)

24 weeks 1278 (24.0%) 145 (25.3%) 1.42 (0.70–2.89)

48 weeks 36 (0.7%) 1 (0.2%) 0.21 (0.03–1.77)

Missing 14 (0.3%) 1 (0.2%) 0.59 (0.07–5.38)

DAA treatment era***

Early 1433 (26.9%) 180 (31.3%) Reference

Mid 3559 (66.8%) 359 (62.4%) 0.55 (0.40–0.76)

Recent 338 (6.3%) 36 (6.3%) 0.69 (0.38–1.25)

Note: We included a fixed effect of each data source to control for source-specific heterogeneity. This is not meant to represent a causal relationship 
between a geographic area and LLV, but rather this fixed effect is a proxy for variables we do not have access too such as the difference among HCV 
epidemics, local and national policies, and other factors that may affect who fails treatment. Bolded values for adjusted odds ratios denote statistically 
significant findings at p<.05.
Abbreviations: DAA, direct-acting antiviral; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human immunodeficiency virus.

*Every variable is controlled for simultaneously in an adjusted model, reference categories are indicated.; **The multivariable regression model includes 

a total of 5905 observations, as it excludes 68 observations from the Clinical Trial Registry 1 which only contained RNA information.; ***Early era DAAs 

(sofosbuvir/ribavirin and sofosbuvir/simeprevir with or without ribavirin), mid-era (sofosbuvir/daclatasvir, sofosbuvir/ledipasvir, and elbasvir/grazopre-

vir-, or ombitasvir/paritaprevir-containing regimens) and recent-era (glecaprevir/pibrentasvir and sofosbuvir/velpatasvir regimens).
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mL in observational cohorts) and 95% had a viral load greater than 
4030  IU/mL (95% CI 24–4100) compared to 214  IU/mL (95% CI 
166–266). Just 3% of clinical trial participants had viral load under 
1000  IU/mL, compared to 10% in those from observational data-
bases. This is broadly consistent with results from an analysis of 34 
phase 2/3  clinical trials which showed less than 1% had had viral 
load under 1000  IU/mL.18 The reasons for this higher viral load in 
treatment failures among trial participants may relate to the more 
stringent selection criteria for clinical trials and exclusion of those 
with LLV (only those with VL >1000  IU/ml were enrolled, and on-
treatment failures were excluded from analysis). This highlights 
importance of reporting analyses separately for clinical trial and ob-
servational databases.

We also found that several independent demographic, clinical 
and treatment characteristics were associated with LLV (<1000 IU/
mL) including female sex (relative to male), fibrosis stage F0-F1 
(compared to F4, and medications from early DAA treatment era (vs. 
mid), although the biological reasons for these associations are not 
clear. In a sensitivity analysis, using data from SVR week 24 yielded 
similar results on viral load distribution or predictors of low-level 
viraemia.

There are several practical implications for these findings. 
Currently, there are five assays that have WHO prequalifica-
tion for HCV confirmatory viral load: three laboratory-based 
assays (Abbott Real time HCV PCR, Alinity m HCV RT-PCR and 
Abbott Architect HCV Ag) and two point-of-care assays (Xpert 
HCV viral load and GeneDrive HCV). The majority of existing 
lab-based assays with a LloD of between 5 and 15  IU/mL as 
well as approved PoC assays (HCV RNA PoC GeneXpert assays 
has a LLOD of 10  IU/mL for venous blood,12,13 or 100  IU/mL 
using fingerstick capillary blood) would detect more than 97% 
of treatment failures and is also therefore appropriate for test-
ing for HCV cure. The recently WHO prequalified portable PoC 
Genedrive instrument has a reported LLoD of 2362 IU/mL35 as 
well as existing HCV core antigen (ref) with a LLOD of 1000 IU/
mL. A clinical trial is currently underway evaluating the Truenat 
HCV RNA assay from Molbio Diagnostics that uses capillary 
blood and a battery-powered mobile platform (LLoD is not yet 
available).36,37 Currently, the European Association for the Study 
of the Liver Diseases, IDSA-AASLD HCV guidance panel, recom-
mend a minimum LLoD of 1000 IU/mL for HCV diagnosis, with 
no specification of minimal test characteristics for test of cure.14 

End users should be aware that some low-level virological fail-
ures may therefore be missed may therefore be missed with an 
assay with a LLoD greater than 1000 IU/mL and that there will 
need to be a trade-off with the convenience of lower cost and 
more available viral load assays that may have a higher limit of 
detection (LLoD) and thus lower analytic sensitivity than stan-
dard laboratory-based assays. The results of our analysis pro-
vide an additional valuable evidence base for guidance panels 
and regulatory authorities to assess use of platforms for mon-
itoring of SVR12 as well as diagnosis. Given the differences in 
viral load distribution between clinical trials and observational 
studies, more work is needed to better understand which data 
sources should be used to inform WHO LOD standards.

The primary strength of this study is that the analysis was based 
on the largest global data set to date of nearly 6000 of HCV treat-
ment failures. The high cure rate associated with pan-genotypic 
DAAs, routinely exceeding 90%, has previously made it difficult to 
assemble a large enough cohort, representing different geographic 
regions with different genotypes, range of stage of disease and use 
of different DAA regimens with adequate rates of follow-up SVR 
measurement—to reflect real-life distribution of viral loads at treat-
ment failure. We had data from both clinical trials with high level 
of follow-up, as well as from observational cohorts reflecting real-
world treatment experience.

There are several limitations to the data and analysis. First, 
we are not able to measure all potential factors contributing to 
HCV RNA level at treatment failure, such as risk characteristics 
(injection drug behaviours, sex work, etc.), but the initial analy-
sis did not show that drug regimen, genotype or stage of disease 
were important determinants of low-level treatment failure. It is 
important to study and understand those unmeasured confound-
ers, because if the underlying causal relationship is between a 
measurable or identifiable trait and the likelihood of having LLV 
at the time of treatment failure, then it may be possible to tailor 
guidance to identify venues or subgroups of people in whom it 
is still appropriate to employ available, close to patient assays to 
test for HCV cure. Second, our data set only included those who 
initiated treatment and returned for follow-up HCV RNA testing 
12 weeks post-treatment. It is likely that those who fail to return 
for SVR may be at higher risk of treatment failure, and it is unclear 
whether they will be at lower or higher risk for LLV. However, this 
primarily affects the observational cohort and not clinical trial 

TA B L E  4  Stratified limit of detection for data from trial registries and non-trial sources

HCV RNA on detection 
Percentile

Overall Clinical trial registries Non-registry data

Estimate 95% CI Estimate 95% CI Estimate 95% CI

90th 1133 (940–1390) 98,420 (17,600–199,962) 1062 (816–1300)

95th 227 (170–276) 4030 (24–4100) 214 (166–266)

97th 70 (48–86) 923 (24–4030) 69 (48–85)

99th 19 (16–23) 24 (14–24) 19 (16–22)
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registry data. Third, more than 70% of our global data set cohort 
of treatment failures came from either Egypt (predominantly gen-
otype 4) or the United States (predominantly genotype 1). We 
were not able to assemble a cohort of individuals with HCV treat-
ment failure that represented all HCV genotypes, and all stages 
of disease. Finally, our global data set included data from both 
national and health system-wide observational databases reflect-
ing real-world treatment experience, as well as from clinical trials 
with strict inclusion and exclusion criteria.

This study assessed the distribution of detectable viral loads 
12  weeks following the end of treatment for HCV infection in an 
international cohort to inform the lower limit of detection of viral 
load assays for test of cure to identify treatment failure as well as 
for diagnosis of chronic hepatitis C infection. Based on a combined 
data set of clinical trials and observational data, a LLoD of 227 IU/
mL (4030 IU/mL in the clinical trials subsample) would identify 95% 
of patients with a detectable viral load 12 weeks after treatment. 
While more than 10 times higher than the analytical sensitivity of 
laboratory-based NAATs, it is more than 10 times lower than the 
LLoD for HCV diagnosis. These findings demonstrate it might be 
prudent and necessary to consider different LLoD standards for 
HCV diagnosis and for test of cure. Development of a point-of-care 
HCV test for cure with a low enough limit of detection to identify 
95% of patients and is affordable, is an important aspect of expand-
ing access to HCV treatment and a vital component of the WHO’s 
HCV elimination targets.
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